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ABSTRACT: This study was carried out from 2020 to 2022 at Kaha vegetable Research Farm,
Horticulture Research Institute, Kaliobia Governorate under unheated plastic house to produce some F;
seeds. Six parental genotypes and their fifteen hybrids were evaluated in open field in the two summer
successive seasons 2021 and 2022. Significant differences among genotypes were observed in mean
performance for all studied characters. Highly significant differences for general and specific combining
abilities were found for all studied characters. Estimates of general combining ability effects showed that
the line 220-2 (P3) was the best combiner for most studied characters i.e. days to female flower anthesis,
average fruit weight, fruit length, fruit diameter and total yield/plant followed by the lines 202-2 (P1) and
264 (P4). Certain crosses had high SCA effect values for certain traits. For specific combining ability
effects, the best crosses were P1xP3, P1xP6, P1xP2 and P2xP3 since they showed significant SCA effect
values for number of days to anthesis of first female flower, early yield /plant and total yield / plant. For
heterosis effects all crosses indicated desirable positive MP heterosis ranged from 23.80 (P2xP5) to
147.83 % (P3xP4) and all crosses indicated desirable positive HP heterosis ranged from 18.18 (P2xP5) to
137.50 % (P3xP4) except the cross (P1xP4) for early yield / plant. For total yield/ plant all crosses
indicated desirable positive MP and HP heterosis except three crosses i.e. P2xP5, P4xP6 and P5xP6. MP
heterosis ranged from 39.28 (P1xP4) to 152.11 % (P2xP4) and HP heterosis ranged from 32.79 (P1xP4)
to 127.31 % (P2xP4). The presence of desirable heterosis in yield and its components encourage using F1
hybrids in commercial production.
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INTRODUCTION

Summer squash (Cucurbita pepo L.), is a
warm season crop belongs to family
Cucurbitaceae and it's an important vegetable
crop grown in Egypt. The cultivated area of
squash, in Egypt, in 2020/2021 according to
statistics of the Ministry of Agriculture, reached
about 48169 feddans around year for the all
season and its production reached, nearly 399948
tons with an average of 8.303 ton/fed. (Bulletin
of The Agriculture Statistics part (2) Summer
and Nile crops, 2020-2021) Commercial
development of squash hybrids have been
increasing owing to the superior of hybrids due
to the expression of heterosis effects for
vegetative growth, yield and yield components
(Firpo et al.,, 1998; Ahmed et al,. 2003 and
Lopez-Anido et al., 2004). Furthermore, EI-AdI

et al., 2014, Habiba et al., 2015 and Soliman
2018) estimated heterosis for some economical
characters and high yield in summer squash.
They detected heterosis over mid-parents and
over its better parents for all traits.

Al-Ballat (2008) and Soliman (2018) reported
that heterosis over the mid-parents was highly
significant with negative values for number of
days to first female flower.

El-Gendy (1999) and Marie et al., (2012)
found that heterosis relative to mid parent and
better parent were desirable and highly
significant for number of days to first female
flower opening, fruit length, fruit diameter and
total fruit number.

Jasim and Esho (2021) reported that the
performance of parents was an indication of their
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GCA effects for all studied traits, The positive
GCA indicates that these parents contribute to
improving these characteristics and transfer them
to the added effect of genes on the yield to their
crosses towards increasing the yield so that they
can be used as parents in crossbreeding programs
to improve the efficiency and increase of the
yield components by selecting plants superior to
the characteristics of the yield components, and
that the values of the high GCA of parents
indicates their large contribution in transferring
this characteristic to hybrids because of the high
contrast added to it. This result was reported
earlier similar results by (ElI sharkawyet al.,
2018). Hussein et al., (2013) reported that the
ratio of GCA/SCA was more than one for most
characters, indicating the importance of additive
and additive x additive gene effects. Nine out of
15 crosses exhibited significant favorable SCA
effects for yield and one or more important
studied traits.

The objectives of the present study were to
estimate the magnitude of heterosis as well as
genetic components, for traits under study in a
half diallel crosses, to recognize desirable parent
combinations as genetic resources for improving
such important traits and to identify suitable
material to be used in summer squash breeding
programs and enhance of hybrids production and
quality of hybrids in local market.

MATERIALS AND METHODS

The present investigation was carried out
during 2020 to 2022, at Kaha vegetable Research
Farm, Horticulture Research Institute, Kaliobia
Governorate. The genetic materials used in this
study were started by six inbred lines of summer
squash (Cucurbita pepo L.) as a parental lines in
a half diallel cross mating design. These genetic
materials were developed by Hussein A.H. and
author (Vegetables, Medicinal and Aromatic
Plant Breed. Dept. Hort. Res. Inst., Agric. Res.
Center, Egypt). These inbred lines were named;
Line 202-2 (P1), Line 282-2 (P2), Line 220-2
(P3), Line 264 (P4) Line 240-1 (P5) and Line-
206-3 (P6).

In the summer season of 2020, the six inbred
lines were planted under unheated plastic house
to ensure homozygosity and seed increase of
parents.

In the fall season of 2020, the six parents
were planted under unheated plastic house and
all possible crosses, without reciprocals, were
made to produce F; seed.

On the 22th of February of 2021 and 2022,
seed of parents and their hybrids were sown in
seedling trays under unheated plastic house.

On March 15th 2021 and 2022, the seedling
of parents and their hybrids were transplanted on
field to evaluate in a field experiment. A
randomized complete block design with three
replicates was used in this study. Plants were
spaced 50 cm apart in rows of 4 m long and 1 m
width with 4 rows for each plot. All the
agricultural practices were applied according to
the recommendation of Ministry of Agriculture,

Egypt.

Data were recorded on individual plants from
10 plants of each parents and F1 hybrids for the
studied traits, viz, days to anthesis of female and
male flowers, number of fruits/plant, average
fruit length (cm), average fruit diameter (cm) and
average fruit weight (g), early yield/plant and
total yield/plant (kg).

Statistical analysis

Means and variances were calculated for each
treatment where the means were statistically
compared for significant differences using New
L.S.D. according to Snedecor and Cochran
(1990).

The analysis of general and specific
combining abilities (GCA and SCA) were
calculated according to Griffing (1956) method 2
model 1.

Average degree of heterosis (ADH%) was
estimated as the increase or decrease percent of
F1 performance over the mid-parent (MP) and
better parent (BP) according Sinha and Khanna
(1975) as follows:

_ P -MP 100
Heterosis based on MP=  MP

. B —_BP 100
Heterosis based onBP = BP

Where: MP  BP and F are the mid-parents,
mean of better parent in the trait and mean of F;
hybrids, respectively.
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RESULTS AND DISCUSSION

Mean performance

Data obtained on six genotypes and their
fifteen hybrids of summer squash evaluated
during 2021, 2022 and combined across two
seasons and their ranks are presented in Table
(2). Significant differences were observed in all
studied traits in 2021 and 2022 and no significant
differences were observed between two seasons
then combined analysis was used. For combined
analysis, values for number of days to anthesis of
the first female flower showed that the parental
values ranged from 35.83 (P5) to 45.50 days
(P6), while, their 15 F; hybrids ranged from
29.66 (P1 x P3), to 40.66 days (P3 x P4).
Regarding number of days to anthesis of the first
male flower, the parental values ranged from
24.0 (P1) to 37.16 days (P6). The 15 F1 hybrids
ranged from 22.83 (P1 x P2) to 30.50 days in
(P3xP6). The parental value for average fruit
weight (P1) had the highest value 65.10 g on the
other hand; lowest parent in this trait was (P5)
had 47.85 g. The F; hybrids ranged from 68.80
(P4 x P5) to 99.45 (P1 x P3). Regarding number
of fruits /plant the parental value (P5) had the
highest value 20.93 fruits/ plant on the other
hand; lowest parent in this trait was (P2) had
11.80 fruits /plant. The F1 hybrids ranged from
10.96 (P5 x P6) to 26.26 fruits/plant (P2 x P4).
For average fruit length the parental values
ranged from 10.76 (P6) to 14.95 cm (P3). Their
15 F; hybrids ranged from 11.15 (P1 x P2) to
16.75 cm (P1 x P3). For average fruit diameter
the genotype (P5) gave the lowest mean value of
2.30 cm and the parental genotype (P3) had the
highest mean value (3.35 cm). For the F; hybrids
(P1 x P3) had the highest mean value (3.85 cm),
while the hybrid (P1 x P2) had the lowest one
(2.60 cm). With respect to the parental
performance for early yield /plant the six
parental genotypes ranged from 0.06 (P4) to 0.16
kg (P1) while, their hybrids ranged from 0.12 (P2
x P5, P3 x P5 and P4 x P5) to 0.28 kg (P1 x P2).
Regarding total yield/plant, the parental values
ranged from 0.60 (P6) to 0.92 kg (P1) and (P5).
Their hybrids ranged from 0.81 (P4 x P5) to 1.87
Kg (P2 x P4) These findings agreed to Hatem et

al.,, (2013), Badr et al., (2021) and Hussein
(2015), who mentioned that the analysis of
variance indicated that there were significant
differences among the studied generations in all
studied characters.

Combining ability

The analysis of variance for combining
ability on various studied traits is shown in Table
(2). Highly significant differences were observed
for both general and specific combining ability in
all studied traits. This result indicates the
importance of both additive and non-additive
gene effects in the inheritance of the studied
characters. The same results were found by
Moualla et al., (2011) who found that the values
of mean squares for GCA and SCA were highly
significant for all traits studied, suggesting the
presence of both additive and non-additive
genetic variance in such traits inheritance. The
estimated GCA/SCA mean squares ratio
indicated that the additive genetic variance
played the main role in the inheritance of days to
anthesis first male flower, average fruit length,
average fruit diameter and early yield the same
results were found by other investigators, among
them Lopez- Anido et al., (1998), EI-Gendy,
(1999) and Hussein et al., (2013). On the other
hand, it was found that anthesis first female
flower, average fruit weight, number of fruit /
plant and total yield exhibited low GCA/SCA
ratio of less than unity, indicating the
predominance of non- additive gene action for
this traits.

To follow up the effect of GCA for the
parental lines and SCA for the crosses, the
estimated values are presented in Tables (3 and 4
respectively) for the various characters.
Regarding GCA effects, the following parental
lines showed highly significant positive effect
values for different traits and could be
considered as the best combiners: P1 and P3 (for
average fruit weight, number of fruit /plant,
average fruit length, average fruit diameter and
total yield/plant); P4 (for average fruit diameter
and total yield/plant) and P5 (for number of
fruit/plant).
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Table (1): Mean performance of the six parents and their fifteen crosses of summer squash for yield
and some fruit characters, during 2021, 2022 and combined across two seasons.

Days to anthesis of

Days to anthesis of

Average fruit weight|

No. of fruits /plant

Genotypes | first female flower | first male flower (9)
2021 | 2022 | Com.| 2021 | 2022 | Com. | 2021 | 2022 | Com. | 2021 | 2022 | Com.
202-2 (P1) |36.33|36.66 | 36.50 | 25.00 | 23.00 | 24.00 | 64.20 | 66.00 | 65.10 [ 15.20 | 17.26 | 16.23
282-2 (P2) |36.00|36.33|36.16 | 2300 | 25.33 | 24.16 | 61.60 | 60.90 | 61.25 [ 11.73 | 11.86 | 11.80
220-2 (P3) |37.66|36.66 | 37.16 | 26.00 | 24.00 | 25.00 | 61.83 | 66.23 | 64.03 | 14.30 | 14.43 | 14.36
264 (P4) | 38.66 |37.00 | 37.83|28.33|27.33 | 27.83 | 53.50 | 53.40 | 53.45 | 17.03 | 16.13 | 16.58
240-1 (P5) |35.66|36.00 | 35.83|25.33|24.00 | 24.66 | 48.13 | 47.56 | 47.85 | 20.70 | 21.16 | 20.93
206-3 (P6) |45.33|45.66 |45.50 | 36.00 | 38.33 | 37.16 | 49.76 | 52.80 | 51.28 | 12.30 | 13.10| 12.70
P1x P2 37.00 | 39.33 | 38.16 | 22.33 | 23.33 | 22.83 | 72.70 | 74.20 | 73.45 | 18.90 | 19.23 | 19.06
P1xP3 29.00 | 30.33 | 29.66 | 22.66 | 23.66 | 23.16 | 99.10 | 99.80 | 99.45 | 14.43 | 15.70 | 15.06
P1xP4  |39.00|39.33|39.16 | 23.33 | 23.33 | 23.33 | 95.73 | 95.80 | 95.76 | 14.26 | 13.60 | 13.93
P1xP5 37.66 | 39.00 | 38.33 | 24.33 | 26.33 | 25.33 | 84.30 | 85.56 | 84.93 | 17.66 | 17.90 | 17.78
P1xP6 |36.33|34.33|35.33|24.00 | 23.33|23.66 | 73.43 | 75.23 | 74.33 | 18.90 | 20.06 | 19.48
P2 x P3 36.66 | 36.33 | 36.50 | 24.33 | 23.66 | 24.00 | 84.10 | 83.30 | 83.70 | 16.10 | 18.60 | 17.35
P2x P4  |33.33|34.66 |34.00 | 24.00 | 22.66 | 23.33 | 80.00 | 80.93 | 80.46 | 25.40 | 27.13 | 26.26
P2xP5 |35.66|37.33|36.50 | 23.66 | 24.33 | 24.00 | 73.60 | 72.86 | 73.23 | 11.33 | 12.16 | 11.75
P2 x P6 35.00 | 36.33 | 35.66 | 24.33 | 24.00 | 24.16 | 80.33 | 80.73 | 80.53 | 11.73 | 11.66 | 11.70
P3x P4  |41.33|40.0040.66 | 23.00 | 24.00 | 23.50 | 86.13 | 87.06 | 86.60 | 18.70 | 19.16 | 18.93
P3 x P5 36.33 | 33.33 | 34.83 | 23.66 | 23.66 | 23.66 | 90.60 | 88.93 | 89.76 | 15.70 | 15.33 | 15.51
P3xP6  |36.33|33.33|34.83|30.00|31.00|30.50 | 94.10 | 99.40 | 96.75 | 1910 |17.20 | 18.15
P4 x P5 36.33 | 35.33 | 35.83 | 23.33 | 26.33 | 24.83 | 67.93 | 69.66 | 68.80 | 18.13 | 18.03 | 18.08
P4 x P6 39.33 | 38.66 | 39.00 | 30.33 [ 29.00 | 29.66 | 73.13 | 70.93 | 72.03 | 11.96 | 12.60 | 12.28
P5xP6  |40.00|39.33|39.66 | 28.00 | 27.66 | 27.83 | 79.16 | 79.96 | 79.56 | 10.70 | 11.23 | 10.96
N.L.S.D(0.05) | 2.18 | 1.68 |2.061|2.493| 1.68 | 1.61 | 3.84 | 3.48 | 3.66 | 2.50 | 3.24 | 2.84
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Table (1): Cont.

Average fruit length Average fruit Early yield/ Total yield/

Genotypes (cm) diameter (cm) plant (kg) plant (kg)
2021 | 2022 | Com. | 2021 | 2022 | Com. | 2021 | 2022 | Com. | 2021 | 2022 | Com.
202-2 (P1) |14.80|14.60|14.70| 3.20 | 3.16 | 3.18 | 0.15 | 0.16 | 0.16 | 0.92 | 0.92 | 0.92
282-2 (P2) |14.43|14.13|14.28| 2.86 | 2.83 | 285 | 0.12 | 0.11 | 0.11 | 0.65 | 0.66 | 0.66
220-2 (P3) |15.00 | 14.90|14.95| 3.36 | 3.33 | 3.35 | 0.08 | 0.08 | 0.08 | 0.91 | 0.90 | 0.91
264 (P4) |12.06|12.10|12.08| 2.86 | 2.73 | 2.80 | 0.06 | 0.07 | 0.06 | 0.87 | 0.83 | 0.85
240-1 (P5) |11.33|11.26|11.30| 2.36 | 2.23 | 2.30 | 0.08 | 0.09 | 0.09 | 0.91 | 0.93 | 0.92
206-3 (P6) |10.80 | 10.73|10.76 | 2.40 | 2.36 | 2.38 | 0.08 | 0.08 | 0.08 | 0.58 | 0.62 | 0.60
P1xP2 |11.03|11.26|11.15| 2.60 | 2.60 | 2.60 | 0.273| 0.28 | 0.28 | 1.24 | 1.23 | 1.23
P1xP3 |16.70|16.80|16.75| 3.86 | 3.83 | 3.85 | 0.26 | 0.26 | 0.26 | 1.30 | 1.50 | 1.40
P1xP4 |16.30|16.56|16.43| 3.83 | 3.66 | 3.75 | 0.13 | 0.14 | 0.13 | 1.24 | 1.22 | 1.23
P1xP5 |15.60|15.66|15.63| 3.33 | 3.36 | 3.35 | 0.18 | 0.19 | 0.18 | 1.42 | 1.44 | 143
P1xP6 |14.50|14.80|14.65| 2.76 | 2.70 | 273 | 0.20 | 0.19 | 0.20 | 1.32 | 1.38 | 1.35
P2xP3 |14.73|14.36|1455| 293 | 2.86 | 290 | 0.13 | 0.14 | 0.14 | 1.29 | 1.43 | 1.36
P2xP4 |15.60|15.60|15.60| 3.33 | 3.30 | 3.31 | 0.13 | 0.13 | 0.13 | 1.86 | 1.88 | 1.87
P2xP5 |11.83|11.96|11.90| 2.66 | 2.56 | 2.61 | 0.12 | 0.13 | 0.12 | 0.80 | 0.84 | 0.82
P2xP6 |14.93|15.03|14.98| 3.16 | 3.23 | 3.20 | 0.13 | 0.14 | 0.14 | 0.90 | 0.90 | 0.90
P3xP4 |16.23|16.30|16.26| 3.76 | 3.63 | 3.70 | 0.18 | 0.19 | 0.18 | 1.51 | 1.563 | 1.52
P3xP5 |16.13|16.16|16.15| 3.60 | 3.46 | 3.53 | 0.12 | 0.12 | 0.12 | 1.33 | 1.34 | 1.33
P3xP6 |16.10|16.53|16.31| 3.70 | 3.86 | 3.78 | 0.15 | 0.17 | 0.16 | 1.63 | 1.70 | 1.66
P4xP5 |12.20|12.16|12.18| 2.76 | 273 | 275 | 0.11 | 0.12 | 0.12 | 1.30 | 1.28 | 1.29
P4xP6 |11.96|11.93|11.95| 3.00 | 2.86 | 293 | 0.14 | 0.15 | 0.14 | 0.80 | 0.83 | 0.81
P5xP6 |11.96|11.93|11.95| 3.16 | 3.10 | 3.13 | 0.15 | 0.17 | 0.16 | 0.82 | 0.86 | 0.84
N.L.S.D(0.05)| 0.37 | 0.41 | 0.38 | 0.22 | 0.20 | 0.21 | 0.019|0.016 | 0.017 | 0.082 | 0.160 | 0.125

Com. = combined

Table (2): Mean squares for combining ability (GCA and SCA) for some characters in summer
squash during season 2022

Characters | Days to anthesis | Days to anthesis Average fruit .
. . : No. of fruits
of first female of first male weight /plant
Source o flower flower
variation MS F MS F MS F MF F
GCA 29.13 | 27.95** | 103.1 | 98.72** | 536.70 | 120.48** | 27.23 7.03**
SCA 29.57 | 28.38** | 18.64 | 17.85** | 693.55 | 155.69** | 51.80 | 13.38**
GCA/SCA 0.98 5.53 0.77 0.525

**Significant at 0.01 level of probability.
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Table (2): Cont.

Characters Average Average fruit Early yield/ Total yield/
fruit length diameter plant plant
Source 0
variation MS F MS F MS F MF F
GCA 21.23 | 337.88** | 112 | 7246** | 0.012 | 129.30** | 0.277 | 29.51**
SCA 9.80 | 156.03** | 0.52 | 33.77** | 0.008 | 75.81** | 0.410 | 43.55**
GCAJSCA 2.16 2.14 1.70 0.67

**Significant at 0.01 level of probability

Table (3): General combining ability effects (gi) of parental lines for studied characters of summer
squash during season 2022.

Parents Days to Daysto | Average Average | Average
anthesis of | anthesis of |  fruit No._of fruit fruit E_arly T_otal
. . . fruits . yield/ | yield/
first female| first male | weight length | diameter
/plant plant plant
flower flower
202-2 (P1) | -1.04** -5.04*%* | 12.06** | 2.44** | 2.25** 0.38** | 0.131** | 0.20**
282-2 (P2) | -0.67** -4.04** -6.23** | -0.75 | -0.67** -0.47** | 0.005* |-0.18**
220-2 (P3) | -4.41** -2.04** 22.7** 0.12 4.38** 1.06** -0.004 | 0.46**
264 (P4) 1.33** 0.20 -7.21*%* | 3.1** | -0.57** 0.07* |-0.062** | 0.12**
240-1 (P5) | -0.79** -1.16%* | -14.36** | 0.92* | -2.94** -0.67** | -0.05** | -0.17**
206-3 (P6) | 5.58** 12.08** | -6.96** |-5.83** | -2.45** -0.37** | -0.02** | -0.43**
S.E(9i) 0.23 0.32 0.68 0.63 0.08 0.04 0.003 | 0.03

*Significant at 0.05 level of probability.
**Significant at 0.01 level of probability.

Table (4): Specific combining ability effects (si) of crosses for studied characters of summer squash
during season 2022,

Crosses? | Daysto | Days to
anthesis | anthesis | Average Average | Average
of of fruitg If\lo._of fruitg fruitg E_arIy Total yield/
first first weight /rlults length | diameter ylleld/ plant

female male plant plant

flower | flower
P1xP2 8.95** 2.17* | -10.56** | 6.93** -9.91** -1.32** | 0.27** 0.20**
P1xP3 | -14.30** 1.17 37.31** | -4.55** 1.64** 0.84** | 0.21** 0.39**
P1xP4 6.95** | -2.07* | 55.22** | -13.82** | 5.89** 1.34** |-0.08** -0.12
P1xP5 8.07** | 8.31** | 31.67** 1.25* 5.56** 1.18** | 0.03** 0.82**
P1xP6 | -12.30** | -13.94** | -6.73** | 14.51** 2.49** -1.12** | 0.02** 0.91**
P2xP3 3.32** -0.82 6.10** 7.34%* -2.73** -1.20** | -0.02** | 0.54**
P2xP4 | -7.43** | -5.07** | 28.90** | 29.96** 5.91** 1.10** | 0.02** 2.25**
P2xP5 2.70** 1.30 11.85** | -12.76** | -2.61** -0.37** |-0.02** | -0.60**
P2xP6 | -6.68** | -12.95** | 28.06** | -7.50** 6.11** 1.33** | 0.0007 -0.15*
P3xP4 | 12.32** | -3.07** |18.387** | 5.19** 2.96** 0.56** | 0.18** 0.54**
P3xP5 | -5.55** | -2.69** | 31.13** | -4.14** 4.94** 0.79** |-0.04** | 0.27**
P3xP6 | -11.92** | 6.05** | 55.13** | 8.22** 5.56** 1.69** | 0.08** 1.60**
P4xP5 | -5.30** | 3.05** 3.24* 0.99* -2.11** -0.40** | 0.03** 0.43**
P4xP6 -1.67* | -2.20** -0.35 -8.556** | -3.28** -0.30** | 0.08** | -0.66**
P5xP6 2.44%* | -4.82** | 33.89** | -10.47** | -0.91** 1.13** | 0.12** | -0.27**
SE(Sij) 0.90 0.90 1.87 0.55 0.22 0.11 0.008 0.086

Z; 202-2 (P1), 282-2 (P2), 220-2 (P3).

**Significant at 0.01 level of probability.

264 (P4), 240-1 (P5) and 206-3 (P6).*Significant at 0.05 level of probability.
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On the other hand, the following lines P1, P2,
P3 and P5 showed significant negative effects for
number of days to first female and male flower
anthesis. These lines could be considered as good
combiners for breeding to these characters. The
production of superior hybrids was realized when
high GCA parents was used as reported by Al-
Hmdany and Allelah (2011) and Soliman (2018).

For specific combining ability effects of the
crosses, the best combinations were: P1xP3,
P1xP6, P3xP6, P2xP4, P2xP6 ,P3xP5, P4xP5
and P4xP6 (for number of days to anthesis of
first female flower) ; P1xP6, P2xP6, P2xP4,
P5xP6, P3xP4, PAxP6, P3xP5 and P1xP4 (for
number of days to anthesis of first male flower)
these  combinations  exhibited  significant
desirable (negative) SCA effects for days to
flowering, indicating the possibility to combine
both high yield and earliness. These results
confirm the conclusions of Hallauer and Miranda
(1989), who stated that combining ability of
inbred lines is the ultimate factor determining
future usefulness of the lines for hybrids, and
was a general concept considered collectively for
classifying an inbred line relative to its cross
performance.

Crosses P1xP4, P3xP6, P1xP3, P5xP6,
P1xP5 ,P3xP5, P2xP4, P2xP6, P3xP4 ,P2xP3,
P2xP5 and P4xP5 (for average fruit weight);
P2xP4, P1xP6, P3xP6, P2xP3, P1xP2 ,P3xP4,
P1xP5, and P4xP5 (for number of fruit/plant);
P2xP6, P1xP4, P3xP6, P1xP5, P2xP4, P3xP5,
P3xP4, P1xP6 and P1xP3 (for average fruit
length); P3xP6, P1xP4, P2xP6, P1xP5, P5xP6
,P2xP4, P1xP3, P3xP4, and P4xP5 (for average
fruit diameter); P1xP3, P3xP4, P5xP6, P1xP5,
P2xP4, P3xP6, P1xP2, P1xP6,. P4xP6 and
P4xP5 (for early yield/ plant) and P2xP4, P3xP6,
P1xP6, P1xP5, P2xP3, P3xP4, P4xP5 ,P3xP5,
P1xP3, and P1xP2 (for total yield/ plant. The ten
cross combinations, which exhibited significant
positive SCA effects for total yield / plant, also
combined significant /highly significant desirable
SCA effects for one or more important studied
traits. These results confirm the conclusions of
Hussien et al., (2013).

Average degree of heterosis

Mid-parent (MP) and better parent (BP)
heterosis of all studied traits are presented in

Table (5). Desirable negative MP heterosis for
the earliness (days to anthesis of first female
flower) was observed in seven F; crosses, four F1
crosses exhibited desirable significant negative
BP values, i.e. P1xP6, P3xP5, P3xP6 and P1xP3
with  (-6.35, -7.40, -9.07 and -17.26%
respectively). The similar results were obtained
by El-Hadi and El-Gendy (2004) who reported
that significant negative value (-10.7%) for the
number of days to first pistillate flower at the
best parent was detected. Also, Hatem et al.,
(2013) reported that nine crosses gave high
significant negative heterosis values from the
MP.

Desirable negative MP heterosis for the
earliness (days to anthesis of first male flower)
was observed in seven Fi crosses, only one F;
cross exhibited desirable significant negative BP
values, i.e. P2xP4 with (-10.50%).

These results are in agreement with those of
Obiadalla-Ali (2006), Tamil et al., (2012) and
El- Adl et al., (2014).

All crosses indicated desirable positive MP
and BP heterosis for average fruit weight ranged
from 16.9 (P1xP2) to 67.01 % (P3xP6) and
ranged from 12.42 (P1xP2) to 51.45% (P5xP6)
for MP and BP respectively.

These results disagree with Hatem et al.,
(2013) who reported that none of the studied
crosses showed dominance or over dominance
for the heavy fruit. AIl crosses showed
insignificant or significant negative heterosis
values from the MP indicating incomplete
dominance or dominance toward the small
fruited parent. On the other hand, These results
agree with Hussein (2015) who reported that
average fruit weight the most important yield
component, had significant positive heterosis
was up to 49.4 % over mid-parent and 32.5%
over better parent.

Six crosses indicated desirable positive MP
heterosis for number of fruits /plant i.e. P2xP4,
P2xP3, P1xP6, P1xP2, P3xP4 and P3xP6 with
93.78, 41.44, 32.16, 32.04, 25.40 and 24.93%
respectively). Two crosses indicated desirable
positive BP heterosis for number of fruits /plant
i.e. P2xP4 and, P2xP3 with (68.19 and 28.89%
respectively).

187



Soliman, Abeer A. El. K.

Table (5): Relative heterosis (MP) and heteobeltiosis (BP) for studied characters of summer squash

during season 2022,

D_ays to anthesis of Df_slys to anthesis of Average fruit No. of fruits /plant
Crosses? | first female flower first male flower weight
MP % BP % MP % BP% | MP % BP % MP % BP %
P1xP2 7.76** 8.26** -3.44 1.44 16.90** | 12.42** | 32.04** 11.43
P1xP3 | -17.27** | -17.26** 0.70 2.89 50.90** | 50.68** -0.95 -9.04
P1xP4 6.78** 7.29%* -7.28* 1.44 60.46** | 45.15%* -18.56 -21.20*
P1xP5 7.34** 8.33** 12.05** | 14.49** | 50.68** | 29.64** -6.85 -15.40*
P1xP6 | -16.60** | -6.35** | -23.91** 1.44 26.65** | 13.98** | 32.16** 16.26
P2xP3 -0.45 0.009 -4.05 -1.39 | 31.04** | 25.77** | 41.44** 28.89*
P2xP4 -5.45* -4.58 -13.92** | -10.50** | 41.65** | 34.88** | 93.78** | 68.19**
P2xP5 3.22 3.70 -1.35 1.39 34.35%* | 21.44** | -26.33** | -42.50**
P2xP6 | -11.38** 0.009 -24.60** | -5.25 | 42.01** | 34.55** -6.54 -10.94
P3xP4 8.59** 9.11** -6.49* 0 45.55** | 31.46** 25.40* 18.82
P3xP5 -8.26** | -7.40** -1.39 -1.39 | 56.29** | 34.27** -13.85 | -27.53**
P3xP6 | -19.02** | -9.07** -0.53 29.16** | 67.01** | 50.08** 24.93* 19.19
P4xP5 -3.19 -1.85 2.59 9.72** | 37.99** | 30.46** -3.30 -14.77
P4xP6 -6.45** 4.50 -11.67** | 6.11* | 33.58** | 32.83** -13.79 -21.88*
P5xP6 -3.67 9.256** | -11.23** | 15.27** | 59.34** | 51.45%* | -34.43** | -46.91**
Z; 202-2 (P1), 282-2 (P2), 220-2 (P3). 264 (P4), 240-1 (P5) and206-3 (P6).
*Significant at the 0.05 level of probability according to T test.
** Significant at the 0.01 level of probability according to T test.
Table (5): Cont.
Average Average fruit Early yield/ Total yield/
Crosses? fruit length diameter plant Plant
MP % BP % MP % BP % MP % BP % MP % BP %
P1xP2 | -21.57** | -22.83** | -13.33** | -17.72** | 107.23** | 79.16** | 55.46** | 34.06**
P1xP3 13.90** | 12.75*%* | 17.95** | 15.11** | 116.44** | 64.58** | 64.66** | 63.77**
P1xP4 | 24.09*%* | 13.47** | 24.29** | 16.03** | 23.94** -8.33 39.28** | 32.97**
P1xP5 | 21.13** | 7.30** | 24.69** 6.54* 46.15*%* | 18.75** | 54.84** | 54.84**
P1xP6 16.84** 1.37 -2.41 -14.55** | 57.33** | 22.92** | 78.49** | 50.36**
P2xP3 -1.03 -3.58* | -7.03** | -13.91** | 51.72** | 33.33** | 82.16** | 58.89**
P2xP4 18.93** | 10.40** | 18.56** | 16.61** | 46.43** | 24.24** | 152.11** | 127.31**
P2xP5 -5.77%* | -15.31** 1.31 -9.30* | 23.80** | 18.18** 5.00 -9.68
P2xP6 | 20.91** | 6.39** | 24.36** | 14.25** | 46.67** | 33.33** | 39.53** | 36.36**
P3xP4 | 20.74** | 9.39** | 19.78** | 9.11** | 147.83** | 137.50** | 76.24** | 70.37**
P3xP5 | 23.57** | 8.50** | 24.55** 4.10 35.85*%* | 33.33** | 45.75** | 44.44**
P3xP6 | 29.00** | 10.96** | 35.67** | 16.12** | 104.00** | 97.67** | 121.74** | 88.89**
P4xP5 4.14* 0.55 10.07* 0.12 45.10*%* | 37.04** | 45.01** | 37.99**
P4xP6 4.52* -1.38 12.41** 5.00 87.50%* | 74.42** 13.70 0.00
P5xP6 8.48** 5.98** | 34.78** | 31.35** | 85.45** | B88.89** 10.45 -7.17

Z; 202-2 (P1), 282-2 (P2), 220-2 (P3). 264 (P4), 240-1 (P5) and206-3 (P6).
*Significant at the 0.05 level of probability according to T test.
** Significant at the 0.01 level of probability according to T test.

188




Genetics analysis, combining ability and heterosis of some yield and yield component traits in summer ...

For average fruit length all crosses except
three crosses indicated desirable positive MP
heterosis for this trait. Nine crosses indicated
desirable positive BP heterosis for average fruit
length i.e. P1xP4, P1xP3, P3xP6, P2xP4,
P3xP4, P3xP5, P1xP5, P2xP6 and P5xP6 with
(13.47, 12.75, 10.96, 10.40, 9.39, 8.50, 7.30, 6.39
and 5.98 % respectively).

For average fruit diameter all crosses except
three crosses i.e. P1xP2, P1xP6 and P2xP5
indicated desirable positive MP heterosis for this
trait. Eight crosses indicated desirable positive
BP heterosis for average fruit diameter i.e.
P5xP6, P2xP4, P3xP6, P1xP4, P1xP3, P2xP6,
P3xP4 and P1xP5 with (31.35, 16.61, 16.12,
16.03, 15.11, 14.25, 9.11 and 654 %
respectively).

For early yield/ plant all crosses indicated
desirable positive MP heterosis ranged from
23.80 (P2xP5) to 147.83 % (P3xP4).

All crosses indicated desirable positive BP
heterosis ranged from 18.18 (P2xP5) to 137.50
% (P3%xP4) except the cross (P1xP4).

For total yield/ plant all crosses indicated
desirable positive MP and BP heterosis except
three crosses i.e. P2xP5, PAxP6 and P5xP6. MP
heterosis ranged from 39.28 (P1xP4) to 152.11%
(P2xP4) and BP heterosis ranged from 32.79
(P1xP4) to 127.31 % (P2xP4).
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