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For Some Economic Traits

Sara E. Gomaa " * Mohamed E. Abou Kamer? and Enas S. Khatab?

ABSTRACT

Pumpkin (Cucurbita moschata) is considered an
alternative food source required nowadays to fill in the gap
of domestic and international demand among developing
countries. It is a staple all-purpose edible plant with high
nutritional value and low calories urgently needed for
therapeutic nutritional patients. Therefore, this study was
conducted to investigate the genetic divergence of two
newly introduced Fi pumpkin hybrids under Egyptian
climate conditions. Two generations of self-pollination took
place to investigate some economic traits during 2019,
2020, 2021, 2022 growing seasons. Results showed that,
vegetative traits and flowering dates were negatively
affected by the two generations as their means decreased.
Also, Fruit yield /plant (g) and number of fruits /plant
traits were negatively affected. Fruit characteristics under
study, except for fruit moisture content, were affected by
selfing. Data of genetic parameters, phenotypic and
genotypic coefficient of variations as well as heritability
values, showed that; total fruit yield/plant (g) and average
fruit weight (g) were significantly affected by the
environmental factors, so, selection for these two traits
would be difficult. Data clearly detected that; self-
pollination in pumpkins for two successive generations
revealed inbreeding depression (ID) for some economic
traits such as; fruit yield/plant (g) and average fruit weight
(9). Yet, correlation results confirmed that; the fruit yield
/plant (g) trait was positively correlated with each of; plant
length (m), number of nodes/plant, days to the first female
flower, sex ratio, number of fruits/plant, and average fruit
weight (g).
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INTRODUCTION

Pumpkin is an annual cucurbit vegetable, family
Cucurbitaceae, grown all over the world and widely
consumed (Jun et al., 2006). Egyptian demand has been
increased over the years due to its use; as food, fodder
and for oil production. Pumpkin oil demand has been
increased in Egypt due to its health benefits and
pharmaceutical use in cosmetic industries too (Gomaa et
al., 2019). It has high carotenoids, pectin,
polysaccharides, minerals, vitamins, flavonoids and
phenolic acids (Zhou et al., 2017). It is known to lower
cholesterol levels, as well as coronary heart disease risk
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and hypertension (Hussain et al., 2010). Fruits are used
to produce jams, juices, pickles, soups, deserts and also
consumed as dried fruits (Provesi et al., 2012 and
Assous et al., 2014). It is a staple food due to its high
content of carbohydrates and dietary fibers. Its high
vitamin B content as well as antioxidants; has a role in
reducing certain cancer risks and provide protection
against heart diseases, asthma, obesity, diabetes and
help in maintaining healthy hair and skin (Akkawi,
2018). Seeds are consumed worldwide as a snack
(Cascio, 2007), they can be eaten whole, roasted, or
toasted, as a good source of pharmacological ingredients
for diabetic patients (Li et al., 2003), antifungal (Wang
and Ng, 2003), antibacterial and anti-inflammatory
agent (Fu et al., 2006 and Nkosi et al., 2006). Also, it
can help in benign prostatic hyperplasia treatment
(Dvorkin and Song, 2002).

Pumpkin Egyptian vyield production has been
increasing steadily over the years due to; improved
farming practices, better irrigation methods and high-
quality seeds. Exporting value of pumpkins from Egypt
increased from 4 million USD in 2014 to 8 million USD
in 2018 (El-Sayed and Abdel-Gawad, 2019). Egyptian
pumpkin yield was increased from 12.8 to 18.5 tons/ha
from 2000 to 2015 (Abdel-Maksoud et al., 2018). In
2021, the Egyptian Ministry of Agriculture and Land
Reclamation stated that, pumpkin yield was 30.50
ton/ha with production of 4361.5 ton and areas 143
hectare (Agriculture Statistics, 2021).

Commonly, pumpkin shows a wide range of
variability in yield and yield contributing components.
Studying the genetic differences in pumpkin is of great
importance to understand the flow within its species,
currently specific information is available for the
morphological characteristics, disease resistance,
production potential, and vulnerability to environmental
factors, which enabled plant breeders to develop new
varieties with more production and adaptable to the
surrounding environment (Hosen et al., 2021). Learning
inbreeding mechanism in natural populations is a major
rule in understanding evolutionary biology (Troianou et
al., 2018). To avoid the negative effects of inbreeding
depression, breeders followed various strategies, as
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introducing new genetic material from diverse sources,
which helps restore the genetic diversity and improve
the overall health and performance of the pumpkin
population. Furthermore breeders carefully managed
breeding programs and select for desirable traits to
minimize the inbreeding depression effect and develop
healthier and more robust pumpkin varieties (Kinghorn
and Kinghorn, 2023).

Therefore, this research was designed to study the
genetic divergence among pumpkin segregates for some
economic traits during inbreeding generations.
Moreover, studying some genetic parameters as;
genotypic and phenotypic variations as well as their
correlation coefficient among each of the studied
characters as a step to develop the best suitable and
most efficient breeding program.

MATERIAL AND METHODS

This study was carried out at EI-Sabaheya
Horticulture Research Station (SHRS), Cross-pollinated
Vegetables Research Dept. in collaboration with
Medicinal and Aromatic Plants Research Dept.,
Horticulture Research Institute (HRI) — Agriculture
Research Center (ARC), Alexandria, Egypt, during
seasons of 2019, 2020, 2021 and 2022.

Genetic Material:

Genetic material was kindly provided by Anhui
Jianghuai Horticulture Seeds Co., LTD, China. Two
hybrids of pumpkin, newly introduced to the Egyptian
lands, were involved in this study: JY Big Baby (JY-
BB) described as high quality type, dark peeled, flat
round shape, 2000 g average fruit weight with excellent
quality and high yield. Small Baby —Chestnut (SB-C)
described as mildew disease resistant type, dark peeled,
with vigorous growth and average fruit weight of 550 g.

Experimental Procedure:

The study was carried out along consecutive seasons
of 2019, 2020, 2021 and 2022 using two F1 pumpkin
hybrids. The original population seeds (F1) of the two
imported pumpkin hybrids were sown in greenhouse, at
first of April 2019 in foam trays. The growing seedlings
were transplanted after 21 days for sowing on loamy
sand ridges; 150 cm width and 75cm between hills.
Normal agriculture practices took place as
recommended for commercial pumpkin production in
this area. At flowering stage, female flowers were self-
pollinated, covered and labeled. At fruit maturity stage,
fruits were harvested, and seeds were extracted to get
the first segregated generation (SGi) seeds. SGi seeds
were planted in the green house at April 2020, with the
same cultivation protocol used above (with Fi). Self-
pollination was carried out again, to get the second
segregated generation (SG;) seeds. The original
population (F1), SG: and SG, were planted in two

successive summer seasons of 2021 and 2022 for
evaluation.

Measurements and Quality Attributes:

A random sample of nine plants from each of the
three generations (Fi;, SG1 and SG;) per plot was
selected and tagged for determination of the vegetative
traits as; plant length (m), number of nodes/plant,
flowering dates; days to first female flower, days to first
male flower and sex-ratio. Determination of yield
component traits as; total fruit yield/plant (g), number of
fruits/plant and average fruit weight/plant (g). For seeds
measurements; 100 seeds weight (g) and total seeds
yield (g) /fruit. For fruit characteristics the following
traits were considered; days to first fruit harvest, fruit
shape index as determined by Winiger and Ludwing
(1974), fruit peel color, rated from 1-10 where 1, denote
green peel color, and 10 denotes dark green peel color
(Zoe et al., 2011), fruit ripping as described by
Kiramana and Isutsa (2017), fruit flesh thickness (%),
calculated as a ratio between fruit flesh thickness to fruit
diameter. Fruit quality traits included; B- carotene
content (mg /100gm fresh weight) as described by
Nakdiman and Gabelman (1971), Vitamin C content
(mg / 100ml juice) as illustrated by Jacob (1951) and
moisture content (%) was calculated according to
Ikewuchi and Ikewuchi (2011).

Experimental Layout and Genetic Parameters:

The experimental layout was designed as a
randomized complete blocks design (RCBD) with three
replicates. The data of the two evaluating seasons were
combined together. The collected data were statistically
analyzed using the analysis of variance method
(ANOVA). Comparisons among the means of the
evaluated genotypes i.e. F1, SG1 and SG2 were carried
out using Duncan's multiple range test at p < 0.05 level
of probability as explained by Snedecor and Cochran
(1980) using Co-Stat 6.4 software program.

Phenotypic and Genotypic Coefficient of
Variations (P.C.V and G.C.V) were calculated
according to the following equations as mentioned by
Burton (1952):

P.C.V= (&% /x)x100  G.C.V= (V8% /x) x100

where; 8% : stands for phenotypic variance and &%
stands for genotypic variance. x* : general mean of each
studied character.

Heritability Percentage
according to Fageria (2001), as:

H2bs= (826/6%) x100

where: 8% : is the genetic variance and 8% : is the
phenotypic variance.

(%) was calculated
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Inbreeding depression (ID) was calculated and
expressed as a percentage according to Mather and Jinks
(1971).

Simple Correlation Coefficient (r) was performed
for different pairs of the studied characters as illustrated
by Dospekhove (1984).

RESULTS AND DISCUSSION

The study was conducted using two Fi pumpkin
hybrids JY Big Baby (JY-BB) and Small Baby -
Chestnut (SB-C). Fi, SG: and SG; seeds were
produced after two generations of self-pollination as
stated earlier. The produced genotypes were planted
again in two successive growing seasons for evaluation
(2021 and 2022).

Mean Squares Variances for
Flowering Dates and Sex-Ratio:

The analysis of variance data presented in Table (1)
showed highly significant differences for plant length
and number of nodes/plant traits regarding JY-BB, SB-
C and their segregated generations. These results clearly
showed that, there are highly variations among the

Vegetative Traits,

evaluated genotypes (F1, SG1, SG2) of both JY-BB and
SC-B. The other tested characters did not show any
significant differences among the evaluated genotypes
(Table 1).

Mean Squares Variances for the Yield Traits and
Seed Measurements:

Analysis of variance in Table (2), showed significant
and highly significant differences among the tested
traits of total fruit yield/plant, 100 seed weight (g) and
total seed weight (g)/ fruit regarding JY-BB generations.
As for SB-C generations, number of fruits/plant and
total seed weight (g)/plant traits, showed the significant
and highly significant differences.

Mean Squares Variances for Fruit Characteristics:

Data of the analysis of variance for fruit
characteristics are shown in Table (3). Most of the
studied characteristics regarding JY-BB genotypes
showed significant and highly significant differences
among the testes generations (F1, SGi1, SG), except for
fruit peel color, fruit ripping and moisture content traits.

Table 1. Mean squares of ANOVA for the vegetative traits, flowering dates and sex-ratio of JY-BB and SB-C

hybrids (F1) and its segregated generations (SG1 and SGz)

Vegetative traits

Flowering dates

S.0.V d.f. Plant length No. of Days to first Days to first ~ Sex- ratio (%)
(m) nodes/plant female flower male flower
JY Big Baby (JY-BB)
Blocks 2 0.131 2.012 22.229 0.159 43.73
Generation 2 11.175** 387.313** 2.249 5.417 48.557
Error 4 0.046 8.017 4.199 0.902 45.383
Small Baby —Chestnut (SB-C)
Blocks 2 0.384 20.058* 5.083 3.195 12.49
Generation 2 8.453** 78.58** 3.725 6.299 41.62
Error 4 0.218 1.749 4.418 1.233 66.41

*and ** denote significant and highly significant at 5% and 1% levels of probability, respectively.

Table 2. Mean squares of ANOVA for yield and seed measurements of JY-BB and SB-C genotypes (F1) and its
segregated generations (SG1 and SG2)

Yield traits Seed measurements

Total fruit No. . .
S.0.V d.f. . . Average fruit 100 seed weight Total seed

yield/ plant of fruits/ weight!() © wieight (g)/fruit

() plant
JY Big Baby (JY-BB)
Blocks 2 1463906.3** 1.345* 31397.01 196.57** 113.54**
Generation 2 899996.4** 0.534 16696.14 38.57* 36.163*
Error 4 34611.2 0.088 13936.22 4.98 3.14
Small Baby —Chestnut (SB-C)

Blocks 2 6933.33 0.257 50.122 1.935 1.918
Generation 2 70159.73 1.33* 8.607 3.763 31.566**
Error 4 29898.45 0.093 1679.21 3.504 1.599

*and ** denote significant and highly significant at 5% and 1% levels of probability, respectively.
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Table 3. Mean squares of ANOVA for the fruit characteristics of JY-BB and SB-C genotypes (F1) and its

segregated generations (SG1 and SG»)

Days to
_y Fruit . . . Vitamin Moisture
first Fruit peel Fruit Flesh thickness  B-carotene (mg
S.0.vV d.f. . shape . C (mg/ content
fruit . color ripping (%) /100g fw) .
index 100ml juice) (%)
harvest
JY Big Baby (JY-BB)
Blocks 2 39.16 0.001 0.039 0.05 0.047 8980.28 14.78 0.679*
Generation 2 141.10* 0.020* 0.206 0.05 3.820** 826748.21** 48.44* 0.013
Error 4 19.42 0.003 0.089 0.05 0.190 19682.20 9.78 0.042
Small Baby —Chestnut (SB-C)
Blocks 2 5.65 8.44 0.150** 0.28* 0.840* 8347.59 6.33 0.31
Generation 2 82.64 0.01 1.500** 0.89** 0.042* 8960200.20** 7.00 0.05
Error 4 17.36 0.01 0.003 0.02 0.006 204710.70 5.33 0.20

*and ** denote significant and highly significant at 5% and 1% levels of probability, respectively.

As for SB-C generations, data in Table (3) showed that,
there were significant and highly significant differences
among the evaluated generations (F1, SG1, SG) for the
characters fruit peel color, fruit ripping, flesh thickness
and B-carotene (mg/100g fw).

Mean Performances of the Vegetative Traits,
Flowering Dates and Sex Ratio:

Results illustrated in Table (4) are the averages of
the studied vegetative traits, flowering dates and sex-
ratio traits as affected by pumpkin genotypes. Results
showed significant (p<0.05) effect on most studied
characters regarding JY-BB and SB-C (F1) and their
segregated generation (SG; and SG») except for days to
first female flower and sex ratio traits. In general, it
could be mentioned that, a clear decline in most studied
traits mean values has occurred among the tested
generations where F; genotypes scored the highest mean
values, followed with SGi and SG: genotypes. This
decrease in the mean values of the traits can be
attributed to the inbreeding depression.

Mean Performances of the Yield, Yield Contributing
Components and Seed Measurement Traits:

Data shown in Table (5) indicated that most studied
traits were significantly affected (P<0.05) by the tested
genotypes of both JY-BB and SB-C pumpkin. Recorded
data, generally cleared that, F1 gave the highest mean
value for most studied traits (Table 5), on the other
hand, the SG, possessed the lowest mean values
regarding most of the studied characters. This decrease
in the average values of these traits can be attributed to
the self -pollination that was applied for two successive
generations, which led to the occurrence of inbreeding
depression phenomenon. Average fruit weight (g)
character didn’t significantly get affected by the
different pumpkin generations.

Mean Performances of the Fruit Characteristics:

Results presented in Table (6) showed that, there
were significant differences among the tested genotypes
of JY-BB genotype regarding; days to fruit harvest, fruit
shape index, flesh thickness, B-carotene (mg/100 fw)
and vitamin C (mg/100ml juice). On the other side, the
tested genotypes (F1, SGi, SG,) of SB-C genotype
showed significant differences regarding, days to first
fruit harvest, fruit peel color, fruit ripping, flesh
thickness and B- carotene.

Genetic Parameters:
Phenotypic and Genotypic Coefficient of VVariation:

Table (7) showed the phenotypic and genotypic
coefficient of variation (P.C.V % and G.C.V %) for JY-
BB and SB-C. As for the vegetative traits, P.C.V (%)
and G.C.V values (%) were nearly equal in JY-BB and
SB-C genotypes, indicating that those characters were
not affected significantly by the environmental factors.
P.C.V and G.C.V values showed low values for days to
first female flower in JY-BB genotype. With respect to
days to first male flower trait, data showed that, values
of P.C.V and G.C.V were low regarding JY-BB and SB-
C genotypes. As results revealed, the environmental
effect could be neglected. Table (7) clearly showed that
the environmental effects had a great effect on sex ratio
trait where the differences between P.C.V and G.C.V
were large. Same trend of results were also detected for
total fruit yield/plant (g) and average fruit weight (g)
where the values of P.C.V and G.C.V showed that these
traits were greatly affected by the environmental
conditions. It could be concluded that selection for these
two previous characters could be difficult.
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Table 4. Mean performance of JY-BB and SB-C populations (F1) and their segregated generations (SG1 and SG) for vegetative traits, flowering dates

and sex-ratio

Vegetative traits

Flowering dates

Plant length (m) No. of nodes/plant

Sex-ratio %

Days to first female flower Days to first male flower

Generation JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C
F1 9.08a 6.62a 55.22a 44.00a 36.78a 40.44a 29.67b 30.22b 63.22a 63.61a
SG; 6.77b 4.89%b 40.00b 40.33b 38.00a 40.00a 32.22a 31.89ab 55.46a 60.89a
SG: 5.25¢ 3.26¢c 33.00c 33.89¢ 36.33a 38.33a 30.22ab 33.11a 61.17a 56.25a

Means having letter in common do not significantly differ, using Duncan's multiple range test at p= 0.05 level of significance

Table 5. Mean performance of JY-BB and SB-C populations (F1) and their segregated generations (SG1 and SG») for yield and seed measurements

Yield traits Seed measurements
Total fruit yield/ plant (g) No. of fruits/plant Average fruit weight (g) 100 seed weight (g) Total seed weight (g)/fruit
Generation JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C
Fy 5640.77a 1312.22a 5.00a 6.11a 1125.75a 218.46a 35.47a 76.44b 43.82a 3.09a
SG, 4695.30b 1147.78a 4.89ab 5.44ab 1002.50a 215.59 33.49ab 86.89a 45.23a 2.85b
SG, 4688.89b 1006.66a 4.22b 4.77b 1137.04a 215.46a 28.51b 82.55ab 38.64a 2.93ab
Means having letter in common do not significantly differ, using Duncan's multiple range test at p= 0.05 level of significance
Table 6. Mean performance of JY-BB and SB-C populations (F1) and their segregated generations (SG1 and SG2) for fruit characteristics
Days to first fruit Frtfit shape Fruit peel color Fruit ripping Flesh thickness B-Carotene (mg /100g Vitamin .C-(mg / Moisture
harvest index (%) fw) 100ml juice) content (%)
Generation JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C
F1 65.00ab 76.44b 0.73b 0.876a 8.77a 9.66a 4.55a 4.82a 6.02a 3.09 8958.57a  19015.49%a 44.00b 30.00a 89.69a 87.97a
SG; 74.77a 86.89a 0.90a 0.790a 8.3% 8.44b 4.33a 3.89b 3.82b 2.85b 7910.54c  18172.87a  47.33ab 29.00a 89.77a  87.79
SG, 61.55b 82.55ab  0.79ab  0.786a 8.8% 8.44b 4.55a 3.89b 4.49b 2.93ab  8380.13b  15691.13b 52.00a 32.00a 89.64a 87.47a

Means having letter in common do not significantly differ, using Duncan's multiple range test at p=0.05 level of significance
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Table 7. Genetic parameters for JY-BB and SB-C hybrids and their segregated generations: phenotypic and genotypic coefficient of variation (P.C.V
and G.C.V), broad sense heritability (h?bs) and Inbreeding depression (ID)

Inbreeding depression

Traits big PCV GCV h%bs %
(1D)
JY-BB SB-C JY-BB SB-C JY-BB SB-C JY-BB SB-C
Vegetative traits
Plant length (m) 27.421 34.617 27.251 33.294 98.766 92.503 42.18062 50.75529
No. of nodes/ plant 27.330 11.699 26.515 11.208 94.125 91.772 40.239044 22.97727
Flowering dates
Days to first Female flower 8.897 5574 6.968 1.699 61.332 9.294 1.223491 5.217606
Days to first male flower 5.307 4.384 4.312 3.205 66.022 53.425 -1.853724 -9.563203
Sex-ratio % 11.433 14.48 2.116 5.172 3.424 12.757 3.242645 11.57051
Yield traits
Total fruit yield/ plant (g) 4.712 19.538 2.899 12.563 37.847 41.346 16.875001 23.28573
No. of fruits/ plant 14.193 12.33 12.714 10.985 80.254 79.364 15.6 21.93126
Average fruit weight (g) 12.609 19.005 6.431 1.718 26.015 0.817 -1.002887 1.3732491
Seed measurements
100 seed weight 23.365 10.458 22.333 4.025 91.361 14.814 19.622216 9.7305389
Total seed weight (g) /fruit 12.637 15.414 11.931 14.301 89.147 86.073 11.821086 15.855235
Fruit characteristics
Days to first fruit harvest 10.889 8.003 8.686 6.181 63.635 59.651 5.307692 -7.993197
Fruit shape index 12.442 205.408 10.512 205.08 71.382 99.681 -7.9235 10.27397
Fruit peel color 4379 7.581 2717 7.556 38.479 99.334 -1.3683 12.6294
Fruit ripping 5.073 11.267 0 10.753 0 91.085 0 19.29461
Flesh thickness (%) 25.236 17.624 23.457 17.428 86.401 97.794 25.41528 5.177994
B-carotene (mg/ 100 g fw) 6.423 10.131 6.203 9.8 93.266 93.58 6.4568341 17.482379
Vitamin C (mg/100ml juice) 9.591 7.769 7.012 1.558 53.441 4,022 -18.18182 -6.666667

Moisture content (%) 0.573 0.611 0.525 0.336 84.089 30.289 0.0557476 0.5683756
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Data in Table (7) showed that selection for number
of fruits/plant trait could be some how effective where
the differences between P.C.V and G.C.V were low. As
for seed measurements, data showed that, the
environmental factors had low effect on; 100 seed
weight and total seed weight /fruit regarding JY-BB and
SB-C genotypes, except for 100 seed weight trait for
SB-C genotype. As for fruit characters, there was a
large variation among characteristics in terms of their
influence on the environmental factors. The two tested
genotypes JY-BB and SC-B differed between
themselves regarding the studied fruit characteristics in
the extent to which they affect by the environmental
conditions (Table7).

Generally it could be concluded according to the
P.C.V and G.C.V values that, the selection could be
effective for; day to first fruit harvest, fruit shape index,
fruit peel color, flesh thickness and (3-carotene traits.

Phenotypic variation is always obvious in fruit
shape, weight, color, quality, flesh thickness as well as
seed characters (Hernandez et al., 2005). So it’s always
more easier to distinguish between new introduced
breeds by phenotypic characters (Paris, 2000).

Broad-Sense Heritability Estimates (h’b) and
Inbreeding Depression (I1D):

Vegetative traits data in Table (7) showed that, plant
length and number of nodes/plant possessed high
heritability values (more than 66.66%) indicating that,
the selection response for these traits would be fast.
Same trend of results were noticed for days to first
flower regarding JY-BB genotype. The other studied
traits i.e. sex-ratio and days to first female flower (for
SB-C genotype) gave low heritability estimates (less
than 33.33%) indicating that, the selection response
would be slow. Days to first male flower regarding SB-
C genotype gave moderate heritability value
(33.33%>h%b< 66.66%).  Results illustrated that,
inbreeding depression had occurred regarding self-
pollination. However earliness traits, which are
important in pumpkin plants, with positive signed
inbreeding depression results were recorded for both
hybrids in the second generation compared to the main
population. This indicates that, the second generation
exhibited earliness and provides a promising indication
for future results in inbreeding and selection programs.
However, for days to first fruit harvest trait, positive
results were recorded only for JY-BB, indicating that
the inbreeding depression resulted in delayed fruit
harvest in SB-C. This is a setback for the breeder, as
days to first fruit harvest is an important trait. Both
hybrids showed depression in days to first male flower,
indicating that the inbreeding program resulted in a
delay in male flower emergence.

Yield traits data (Table 7) showed that, heritability
estimates ranged from high (more than 66.66%) for
number of fruits/plants, moderate values (33.33%>h2%b<
66.66%). For total fruit yield/plant (g) to low values
(less than 33.33%) for average fruit weight (g). The
previous results illustrated that; selection for number of
fruits/plant trait could be highly effective. Vice versa,
selection for average fruit weight trait would not be
effective.

Broad sense heritability data regarding seed
measurements traits were represented in Table (7).
Generally heritability estimates showed high values
(more than 66.66%) for the studied seed measurements
traits, except for 100 seed weight for SB-C genotype.
These high heritability values revealed that, the
environmental factors had low effect on such characters,
and then selection could be highly effective. This result
could be attributed to the occurrence of inbreeding
depression as shown in Table (7).

Heritability estimates for fruit characteristics,
showed a clear and definite trend for a number of traits
(fruit shape index, flesh thickness %) and B-carotene
where these traits gave high values of heritability (more
than 66.66%). This result illustrated that’s selection for
such characteristics could be highly effective. Days to
first fruit harvest trait possessed moderate heritability
values. This result obviously showed that, selection of
this trait could be effective. A number of other studied
fruit characteristics gave a wide range of heritability
values as a result of the different evaluated genotypes
(JY-BB and SB-C). Values of the inbreeding depression
parameters regarding fruit characteristics confirmed the
previous results.

Positive inbreeding depression (ID) results were
recorded for traits such as plant height, number of
nodes/plant, sex-ratio, total fruit yield/plant, number of
fruits/plant, 100 seed weight, total seed yield/plant, flesh
thickness, pB-carotene and moisture content, indicating
that, second generation was deteriorated in these traits
compared to the first generation. Negative ID results
were recorded for vitamin C in both hybrids, indicating
that the second generation was superior to the main
population in this trait. JY-BB also showed superiority
over the main population in average fruit weight, fruit
shape index, and fruit peel color, indicating that, the
second generation was better than the main population
and was not highly affected by inbreeding for those
traits. Overall, the results suggest that inbreeding
depression affected some traits negatively, while
positively affecting others. The results also indicate the
need for more generations to achieve the desired
improvement in some traits.

Previous results came in agreement with
Reifschneider and Monteiro (2005), as they stated that,
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inbred plants had significantly lower yields and poorer
fruit quality traits, such as fruit weight and number of
seeds per fruit, compared to outbred plants. Also, Gatti
et al. (2017) found that inbred plants were significantly
more susceptible to powdery mildew compared to
outbred plants, indicating that inbreeding depression
had reduced the disease resistance. This was also
supported by Juan et al. (2008), who stated that, one of
the negative effects of inbreeding, in pumpkins, is the
decrease in  vigor and growth (inbreeding
depression).The mechanisms underlying pumpkin
inbreeding depression are not fully understood, but it
was thought to be related to the accumulation of
deleterious recessive alleles that reduce fitness when
expressed in homozygotes. These deleterious alleles
may be more likely to occur in closely related
individuals because they share a greater proportion of
their genetic material.

Overall, pumpkin inbreeding depression can have
significant negative impacts on the yield and quality, as
well as their resistance to diseases and pests. To
mitigate these effects, it is important to avoid mating
closely related individuals and to maintain genetic
diversity within pumpkin populations. Also it was
mentioned that, Cucurbita inbreeding for three years,
might or might not affect some traits which could also
be influenced by environment (Hayes et al., 2005).

Phenotypic Correlation Coefficient Estimates:

JY-BB correlation coefficient results were shown in
Table (8). Values were found positive and significant or
highly significant for the following pairs of characters;
plant length (m) with each of; number of nodes/ plant,
total fruit yield/ plant, number of fruits/ plant, 100 seeds
weight and flesh thickness. Number of nodes/ plant with
each of the characters: total fruit yield/ plant, number of
fruits/plant, 100 seed weight and flesh thickness. Days
to first female flower with each of; days to first male
flower, total seed weight, days to first fruit harvest, fruit
shape index and moisture content. Days to first male
flower with each of; days to first fruit harvest, fruit
shape index and moisture content. Sex ratio with each
of; total fruit yield, average fruit weight, fruit peel color,
fruit ripping, flesh thickness and p-carotene. Total fruit
yield/ plant with each of; number of fruits, average fruit
weight, flesh thickness and [-carotene. Number of
fruits/plant with each of; 100 seed weight and total
seeds weight. Average fruit weight with each of; fruit
peel color, fruit ripping and B-carotene. 100 seed with
total seeds weight. Total seed weight with each of; days
to first fruit harvest and moisture content. Days to first
fruit harvest with each of; fruit shape index and
moisture content. Fruit shape index with moisture
content. Fruit peel color with fruit ripping. Fruit ripping
with B-carotene. Flesh thickness with B-carotene.

JY-BB correlation coefficient values were found
negative and significant or highly significant for the
following pairs; plant length (m) with vitamin C.
Number of nodes /plant with vitamin C. Days to first
female flower with each of; sex ratio, average fruit
weight, fruit peel color and fruit ripping. Days to first
male flower with each of; sex ratio, average fruit
weight, fruit peel color, fruit ripping, flesh thickness and
B-carotene. Sex ratio with each of; days to first fruit
harvest, fruit shape index and moisture content. Total
fruit yield/ plant with each of; fruit shape index and
vitamin C. Number of fruits/plant with each of; average
fruit weight and vitamin C. Average fruit weight with
each of; days to first fruit harvest, fruit shape index and
moisture content. 100 seed weight with vitamin C. Total
seed weight with each of; fruit peel color and vitamin C.
Days to first fruit harvest with each of; fruit peel color
and fruit ripping. Fruit shape index with each of; fruit
peel color, fruit ripping, flesh thickness and B-carotene.
Fruit peel color with moisture content. Fruit ripping
with moisture content.

SB-C correlation coefficient results were shown in
Table (9). Values were found positive and significant or
highly significant for the following pairs of characters;
plant length (m) with each of; number of nodes /plant,
days to first female flower, sex ratio, total fruit yield/
plant, number of fruits/plant, average fruit weight, 100
seed weight, total seeds weight, fruit shape index, fruit
peel color, fruit ripping, P-carotene and moisture
content. Number of nodes /plant with each of; days to
first female flower, sex ratio, total fruit yield/ plant,
number of fruits/plant, 100 seed weight, total seeds
weight, B-carotene and moisture content. Days to first
female flower with each of; sex ratio, total fruit yield/
plant, number of fruits/plant, 100 seed weight, total
seeds weight, B-carotene and moisture content. Sex ratio
with each of; total fruit yield/ plant, number of
fruits/plant, 100 seed weight, total seeds weight, [-
carotene and moisture content. Total fruit yield/ plant
with each of; number of fruits/plant, average fruit
weight, 100 seed weight, total seed weight, fruit shape
index, fruit peel color, fruit ripping, p-carotene and
moisture content. Number of fruits/plant with each of;
average fruit weight, 100 seed weight, total seed weight,
fruit shape index, fruit peel color, fruit ripping, B-
carotene and moisture content. Average fruit weight
with each of; fruit shape index, fruit peel color, fruit
ripping and flesh thickness. 100 seed weight with each
of; total seed weight, B-carotene and moisture content.
Total seed weight with each of; B-carotene and moisture
content. Fruit shape index with each of; fruit peel color,
fruit ripping and flesh thickness. Fruit peel color with
each of fruit ripping and flesh thickness. Fruit ripping
with flesh thickness. B-carotene with moisture content.
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Table 8. Correlation coefficient values for pairs of studied characters of JY-BB genotypes

No.N DFF  DFM SR TFY No.F AFW 100 SW TSW DFH F.SH FPC FR F.TH B-C V.C MC
PL  098* 014  -0.32 0.37 0.92**  0.87**  0.04 0.94%* 0.66 0.14 -0.44 011 0.12 0.76* 0.65 -0.98** 0.27
No. N 0.05  -0.40 0.45 0.95**  0.82* 0.13 0.90** 0.59 0.04 -0.52 -0.02 0.21 0.82* 0.71 -0.95%* 0.18
DFF 0.89**  -0.87**  -0.25 061  -0.98* 0.49 0.84*  097**  0.82*  -0.98** -097**  -053 -0.66 -0.35 0.99**
DFM -0.97**  -0.66 019  -0.96** 0.04 0.50 0.90%*  0.99**  -0.91** -0.98**  -0.86*  -0.93** 0.11 0.83*
SR 0.77* 013 0.94* 0.01 045  -0.87** -0.96** 0.88**  097**  088**  0.95*  -0.16 -0.80*
TFY 0.87*  0.83* 0.72 0.32 026  -0.75* 0.28 049  095**  0.89**  -0.82* -0.13
No.F -0.85* 0.99** 0.94**  0.60 0.06 -0.59 -0.38 0.35 0.19 -0.96%* 0.71
AFW -0.31 072 -0.98**  -0.92**  0.99**  097** 068 0.79* 0.17 -0.95%*
100SW 0.89** 048 -0.09 -0.46 -0.24 0.48 0.33 -0.99%* 0.59
TSW 0.83* 0.38 -0.82¢  -0.67 0.02 -0.14 -0.81*  0.90**
DFH 0.83*  -0.96** -0.97**  -0.54 -0.67 -0.34 0.99**
F.SH -0.84%  -0.94%*  0.92%*  -0.97** 0.24 0.75*
FPC 0.97** 056 0.69 0.32 -0.99%*
FR 0.73 0.83* 0.10 -0.92%*
F.TH 0.99**  -0.60 -0.42
p-C -0.47 -0.56
V.C -0.47

*, ** Significant at 5% and 1% levels of probability, respectively. Where: PL= Plant Length (m), No. N= No. of nodes/plant, DFF= Days to first female flower, DFM= Days to first male flower, SR= Sex- ratio, TY= Total fruit
yield/ plant (g), No. F= Number of fruits/plant, AFW= Average fruit weight (g), 100SW= 100 Seed weight (g), TSW= Total seed weight (g)/fruit, DFH= Days to first fruit harvest, F.SH= Fruit shape index, FPC= Fruit peel color,
FR= Fruit ripping, F.TH= Flesh thickness (%), p-C= p-carotene (mg/100g fw), V.C= Vitamin C (mg/100ml juice), M.C= Moisture Content (%).
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Table 9.Correlation coefficient values for pairs of studied characters of SB-C genotypes

No. N DFF DFM SR TY No. F AFW  100SW  TSW DFH F.SH FPC FR F.TH p-C V.C M.C

PL  0.98**  0.94** -097**  0.99**  0.94** 0.93* 0.89* 0.86* 0.86* -0.60 0.89* 0.87* 0.87* 0.67 0.96** -0.64 0.98**

No. N 0.99%*  -0.97** 0.95* 0.98**  0.98** 0.80 0.93* 0.93* -0.45 0.80 0.78 0.78 0.53 0.99** -0.76 0.95**
DFF -0.92* 0.98** 0.93* 0.95** 0.69 0.98**  0.98**  -0.29 0.69 0.66 0.66 0.38 0.96** -0.86* 0.99**
DFM -0.97%*  -091*  -0.96** -0.92* -0.82 -0.82 0.65 -0.92  -091**  -0.91* -0.72 -0.93* 0.58 -0.97**
SR 0.98**  0.99** 0.81 0.93* 0.93**  -0.45 0.81 0.78 0.78 0.53 0.99** -0.76 0.92*
TY 0.96** 0.90* 0.84* 0.84* -0.62 0.90* 0.89** 0.89* 0.69 0.95** -0.62 0.98**
No. F 0.88* 0.87* 0.87* -0.58 0.89* 0.87* 0.87* 0.65 0.96** -0.65 0.99**
AFW 0.53 0.53 -0.89*  0.96** 0.92* 0.97** 0.93* 0.72 -0.23 0.80
100SW 0.93* -0.10 0.53 0.50 0.50 0.19 0.97*%*  -0.94** 0.93*
TSW -0.10 0.53 0.50 0.50 0.19 0.97*%*  -0.94** 0.93*
DFH -0.89*  -091**  -0.91*  -0.92* -0.34 -0.23 -0.44
F.SH 0.98* 0.92* 0.93* 0.72 -0.23 0.80
FPC 0.98**  0.94** 0.70 -0.19 0.78
FR 0.94** 0.70 -0.19 0.78
F.TH 0.42 0.14 0.53
p-C -0.84* 0.99**
V.C -0.77

*, ** Significant at 5% and 1% levels of probability, respectively. Where: PL= Plant Length (m), No. N= No. of nodes/plant, DFF= Days to first female flower, DFM= Days to first male flower, SR= Sex- ratio, TY= Total fruit yield/ plant (g), No. F= Number of
fruits/plant, AFW= Average fruit weight (g), 100SW= 100 Seed weight (g), TSW= Total seed weight (g)/fruit, DFH= Days to first fruit harvest, F.SH= Fruit shape index, FPC= Fruit peel color, FR= Fruit ripping, F.TH= Flesh thickness (%), p-C= p-carotene
(mg/100g fw), V.C= Vitamin C (mg/100ml juice), M.C= Moisture Content (%).



Sara E. Gomaa et al .-: The Genetic Divergence among Pumpkin Segregates (Cucurbita moschata) For Some Economic Traits 261

SB-C correlation coefficient values were found
negative and significant or highly significant for the
following pairs; plant length (m) with days to first
female flower. Number of nodes /plant with days to first
female flower. Days to first female flower with each of;
days to first male flower and vitamin C. Days to first
male flower with each of; sex ratio, total fruit yield,
number of fruit/plant, average fruit weight, fruit shape
index, fruit peel color, fruit ripping, PB-carotene and
moisture content. Average fruit weight with days to first
fruit harvest. 100 seed weight with vitamin c. Total seed
weight with vitamin c. Days to first fruit harvest with
each of; fruit shape index, fruit peel color, fruit ripping
and fruit thickness. 3-carotene with vitamin C.

Studying the genetic correlation of traits is an
important phase for traits early selection by indirectly
selecting the less genetic complex and high heritable
traits to give faster response (Cruz & Regazzi, 1997 and
Kurek et al., 2001). Correlation results were supported
by others as; Pandey et al. (2010) who stated that, flesh
thickness and carotenes can be improved by selection
while total yield can be improved via hybridization.
Ndoro et al. (2012); Kiramana and Isutsa (2017)
observed that, germination and plant vigor is affected by
seed size. Seed germination in early stages is always
associated with seed size. Again this was supported by
Shivananda et al. (2013); Maheswari and HariBabu
(2006) who stated that, there were a positive correlation
between 100 seed weight and plant length as well as
Nagar et al. (2017) who reported that, seed yield is
positively correlated with 100 seed weight. Moreover it
was said by Yadav et al. (2006) that, 100 seed weight,
length and width are positively correlated with pumpkin
fruit weight.

CONCLUSION

Egyptian pumpkin varieties are characterized by
large fruit size up to 15 kg / fruit, which is not desired
by the domestic consumer and exporting chain.
Accordingly, two imported pumpkin hybrids were used
in this study, with smaller fruit size (~ 0.5 to 2 kg/fruit)
and high resistance to mildews, to be established in the
Egyptian environment to improve the local genetic
threshold, as a step to be included in inbreeding
programs, to study the reflect of genetic parameters;
phenotypic and genotypic coefficient of variations,
heritability values, inbreeding depression (ID) as well as
correlation coefficients, which help breeders in
producing new pumpkin lines with good marketing and
exporting qualities, in addition, helping breeders to
improve the local landraces of pumpkins and improve
their resistance to diseases and insect infestations.
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