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ABSTRACT

Five watermelon cultivars and 10 Fy hybrids as well as the reciprocal crosses
Fir were used to study the general and specific combining ability effects (GCA and
SCA) for number of morphological, yield and fruit quality traits.

The results showed that:

1. The GCA was significant for all studied traits except branches number and
leaves number, the SCA was significant for days to female flower, fruit number,
fruit weight, TSS and rind thickness. The other traits were insignificant. The
reciprocal was insignificant for stem length, branches number, total yield and
fruit number, but was significant for other studied traits.

2. The additive gene effects were the most important in the inheritance of all
studied traits.

3. The parental cultivar Giza-1 was the best general combinor tor most
morphological characters. The parent Giza-21 and Charleston Gray were best
general combinor for most yield and fruit characters.

4. The highest desirable SCA effects resulted from the crosses "Giza-1 x
Charleston Gray", "Giza-1 x Dulzera" and "Crimson sweet x Dulzera".

INTRODUCTION

l. Vegetative growth:
1.1. Stem length:

Abd El- Raheem et al. (1986a) showed that both general and specific
combining ability variances were significant for stem length of cantaloupe.
They also reported that the effect dué to general combining ability was more
important than those specific combining ability. Delany and Lower (1987)
showed that the stem length of cucumber genotypes under studying were
complexly inherited, they concluded that stem length was controlled by large
number of genes with no clear major gene segregation. In the same
investigation, they reported that the negative estimate of dominance effects
indicated that dominance was performed for lower stem length. Awny et al.
(1992) recorded highest values for both general combining ability and specific
combining ability on cucumber.

1.2. Number of branches / plant:

Abd El-Raheem et al. (1986a) found over dominance for this trait in
cantaloupe. They also found that general combining ability / specific
combining ability ratio was 1.05. Linda and Staub (1989) found that the
parental lines (Wl 2963, 84H2 61) had a highest general combining ability
effects for primary lateral branches number on cucumber. El-Mighawry (1998)
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showed highly significant general and specific combining abilities for number
of branches per plant on summer squash. This finding indicated the
importance of both additive and non additive gene effects. Abd El-Salam
(1998) recorded moderate heritability in narrow sense on watermelon and he
found at least 1-2 group of genes controlled this trait.

1.3. Number of leaves / plant:

El-Mighawry (1998) showed highly significant for general and specific
combining ability variance of leaves number on summer squash, indicating
the important of both additive and non-additive variance in the inheritance of
this trait. He also found that the ratio between general and specific combining
abilites was 1.013. Awny et al. (1992) revealed highly significant for specific
combining ability variance for leaves number on cucumber, suggesting the
predominant role of non-additive gene action. They also showed over
dominance for this trait, and the narrow sense heritability was low.

Il. Flowering and yield traits:
IL.1. Days to the first male and female flowers:

El-Shawaf (1979) reported that the general combining ability for the
male flowering time was significant and it was insignificant for the female
flowering time of cucumber. Thomas and Davis (1984) reported highly
significant for general combining ability variance for days to first female flower
of muskmelon greater than those specific combining ability variance indicating
the importance of additive gene effects. Linda and Staub (1989) showed
highest general combining ability effects for early male and female flowering
for cucumber lines (WI 2712 and 2 HI 853). Awny et al. (1992) reported that
the days to male and female flowering on cucumber had highly significant for
general combining ability. Abd El-Hafez et al. (1997) showed highly significant
for general and specific combining ability for anthesis of the first female flower
on cucumber. On the other hand, the ratio between general and specific
combining ability was about 1:1, indicating the importance of both additive and
non-additive gene action in the inheritance of this trait.

i.2. Number of fruits / plant:

Singh and Joshi (1980) showed high general combining ability value for
fruits number in bitter gourd. Li and Shu (1985) found significant effect
general combining ability for fruits number in watermelon. Abd El-Raheem et
al. (1986b) mentioned that general and specific combining abilities were non-
significant for this character in cantaloupe. Sirohi et al. (1986) recorded great
specific combining ability effect in some pumpkin crosses for this character.

El-Mighawry (1998) recorded that general and specific combining abilities
- showed highly significant for number of fruit / plant in summer squash. Abd
El-Hafez et al. (1997) showed highly significant effects for general and
specific combining ability in fruits number of cucumber. They also found that
~ the ratio between general and specific combining ability was 2:3 for this trait.
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I1.3. Yield / plant:

El-Shawaf and Bater (1981) revealed that general combining ability was
more important than specific combining ability for total yield of pickling
cucumber. Abd El-Raheem et al. (1986a) showed that the general and
specific combining abilities were significant for this character in cantaloupe.
The analysis of variance for general and specific combining ability were highly
significant in summer squash and muskmelon by El-Meghawry (1991) and
Awny (1992), respectively. Arora et al. (1996) found significant general and
specific combining ability for yield / plant in summer squash.

lll. Fruit traits:
lIL.1. Fruit weight:

Abd El-Raheem et al. (1986a) found that the mean squares of general
and specific combining ability were highly significant on cantaloupes, similar
results were obtained by Abd El-Hafez et al. (1997) and El-Mighawry (1998)

on cucumber and muskmelon, respectively; Kamooh et al. (2000) found a
inverse result on cucumber. :

ll.2, Total soluble solids:

om et al. (1987) revealed that the general combining ability was more
importance for TSS on muskmelon. El-Mighawry (1998) found that the _ . -
general and specific combining ability both importance in heiiiance of 1'SS.

1Il.3. Rind thickness:
Thomas and Davis (1984) recorded significant of general combining

ability on muskmelon. Awny (1992) reported the importance of both general
and specific combining ability on muskmelon.

MATERIALS AND METHODS

Five inbred lines of watermelon from the cultivars: Giza-1, Giza-21,
Charleston gray, Crimson sweet and Dulzera were used in this study. This
study was carried out during the two summer seasons of 1999 and 2000 in
the Farm of Faculty of Agriculture, Ismaiellia.

The seeds of the five inbred lines were sown in April, 1999. At the
flowering stage, hybridization in a complete diallel crosses mating design
among five lines was constructed to produce the F hybrids. The crossing
technique was carried out by tying the male and female flowers by cotton
flaments in the afternoon and crossing was made from 8-10 am. The
pollinated flowers were tied by the cotton and tagged. At mature stage, seeds
were removed from the fruits, washed and spread for drying.

In April 2000, the parents and F, hybrids were arranged in randomized
complete blocks design experiment with three replicates. The experimental
unit was 25 rows (10 m long, 3m weadth and 0.5 m between plants). In every
block, five rows for parents and 20 rows for F, hybrids.

All the agriculture practices were carried out according to the
recommendations of the Ministry of Agriculture, Egypt.
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Data were recorded on individual plants basis from 10 plants of each
parent and F, hybrids of the three replicates as follows:-

1. Vegetative growth:

- Stem length - Branches number. - Leaves number.
2. Flowering and yield traits:
- Days to male flowers. - Days to female flowers.
- Number of fruits / plant. - Total yield / plant.
3. Fruit characteristics:
- Fruit weight. - Total soluble solids (TSS) %.
- Rind thickness. - Number of seeds.

Statistical procedures:

The data analysis of variance for combining ability and extension of the
various effects were done according to method (1) model (1) of Griffing
(1956), as shown in Table (1) to compare combining ability of parents and to
identify better combination for characters under study, i.e. general, specific
and reciprocal combining ability effects.

Table 1: Expected mean squares for general, specific and reciprocal
combining ability.

Source of variance D.F. S.S. | M.S. E (M.S.)
General combining ability P-1 Sg Mg 2(n-1)°
g.ca T o-zs+2ng-zg
n
Specific combining ability | P(p-1)/2 Ss Ms 2(n“-n+1)
s.c.a S e i
n?
Reciprocal combining P(p-1)/2 | Sr Mr c‘e+20°r
ability r.c.a
Error M Se Me o e

Where: Mg: Mean square of g.c.a.
Ms: Mean square of s.c.a.
Mr: Mean square of reciprocal.
Me: Mean square of error.
M: Degrees of freedom of error.
P: Number of parents.

RESULTS AND DISCUSSION

1. Vegetative growth:

The analysis of variances (Table 2) showed that the mean squares for
general and specific combining ability insignificant for the studied vegetative
traits, except stem length which showed significant value for general
combining ability. This finding indicated the predominant role for additive
variance of that trait. Results of Abd El-Raheem et al. (1986a) on cantaloupe
and Awny et al. (1992) on cucumber were otherwise.
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Table 4: Estimates of reciprocal combining ability effects for vegetative

traits.
Characters Traits

Main Number of Number of

stem branches leaves per
Crosses length per plants plant
Giza-21 x Giza-1 30.00 2.833 -47.167
Charleston gray x Giza-1 -41.167* -4.167* . -14.167
Crimson sweet x Giza-1 -61.667 -1.667 24.167
Dulzera x Giza-1 -32.167 -4.000 -33.167
Charleston gray x Giza-21 -4.167 0.667 -17.250
Crimson sweet x Giza-21 -0.833 -4.167* 17.500
Dulzera x Giza-21 -12.750 -1.500 12.500
Crimson sweet x Charleston gray 35.00 -0.500 8.333
Dulzera x Charleston gray -3.333 0.00 0.833
Dulzera x Crimson sweet 15.250 1.083 30.00
rij + N 71.092 5.716 70.202
* Significant at 0.05 level of probability. ** Significant at 0.01 level of probability.

2. Flowering and yield traits:

From Table (5), the results showed that the variances due to general
and specific combining ability effects were highly significant for female
flowering and number of fruit / plant. Moreover, general combining ability
variance for male flowering and total yield / plant were higher in magnitude
than those specific combining ability varience, suggesting the predominant
role for additive variance of these traits. Similar conclusion was reported bt
Thomas and Davis (1984) on muskmelon, Linda and Staub (1989) and Awny
et al. (1992) on cucumber, El-Meghawry (1998) on muskmelon, and Kamooh
et al. (2000) on cucumber.

The estimates of combining ability effects showed that Dulzera cultivar
gave significant negative general combining ability effect for female flowering.
It was earlier than the other parents. Giza-21 and Dulzera also gave
significant positive general combining ability effect for number of fruits / plant
and total yield / plant, general combining ability effect of Giza-1 was
significantly positive only for number of fruits / plant. As for as specific
combining ability effect is concerned only one cross, i.e. (Crimson sweet x
Dulzera), showed significantly positive effect for number of fruits / plant (Table
6). The cross combinations (Giza-21 x Dulzera) and (Crimson sweet x
Dulzera) were found to be significantly late for female flowering. Estimation of
reciprocal combining ability effect (Table 7) showed that the crosses
(Charleston x Giza-1), (Crimson sweet x Giza-1), (Dulzera x Giza-1),
(Crimson sweet x Giza-21), (Crimson sweet x Charleston gray) and (Dulzera
x Charleston gray) had negative significant values for male and female
flowering, indicating that traits were influenced by reciprocal cross effects. On
the contrary, the results of crosses in Table (7) exhibited absence of
reciprocal cross effects both number of fruits / plant and total yield / plant
traits.
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3. Fruit traits:

The variances due to general and specific combining ability effects
were highly significant for all studied fruit traits (Table (8). Moreover, general
combining ability variance for most studied traits were higher in magnitude
than those specific combining ability variance, suggesting the predominant
role for additive variance of these traits, except the number of seeds. Similar
conclusion was reported by Awny (1992), Abd El-Hafez et al. (1997) and El-
Mighawry (1988) on muskmelon, cucumber and muskmelon, respectively.
The variance due to reciprocal effects were significant for all studied traits.

Table 8. Analysis of variance for combininh ability for fruit traits.

S0Ues of af Fruit e Rind

varaon weight L thickness
G.c.a. 4 3.002* 5.925* 0.058*
S.c.a. 10 0.804* 1.444* 0.029**
R.c.a. 10 0.570* 2.006** 0.047**
Error 48 0.202 0.201 0.006
G.ca./S.c.a. 3.733 5.179 2

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

The estimates of combining ability effects showed that Charleston gray
gave significant positive general combining ability effect for fruit weight and
rind thickness (Table 9). Crimson sweet cultivar also gave significant positive
general combining ability effect for fruit weight and total soluble solids.
General combining ability of Dulzera was significantly positive only for total
soluble solids (TSS).

Table 9: Estimates of G.c.a. and S.c.a. effects for fruit traits.

Traits
Parents and crosses Fruit 1SS Rind
weight thickness

G.c.a. -0.033
1. Giza-1 -0.692* -0.988** -0.045*
2. Giza-21 -0.282* -0.418* 0.155"
3. Charleston gray 0.664* -0.072 -0.073*
4. Crimson sweet 0.432™ 0.495* 0.037
5. Dulzera -0.123 0.884* 0.068
S.E.(gi) + 0.402 0.401
Crosses S.ca.
Giza-1 x Giza-21 0.213 -0.752* -0.005
Giza-1 x Charleston gray -0.825** 0.343 0.035
Giza-1 x Crimson sweet 0.649" -0.524* -0.127**
Giza-1 x Dulzera 0.850* 0.021 0.113"
Giza-21 x Charleston gray 0.048 -0.210 0.055
Giza-21 x Crimson sweet 0.497 0.506* g.102*
Giza-21 x Dulzera -0.035 -0.582* -0.225*
Charleston gray x Crimson sweet 0.435 0.893* -0.158*
Charleston gray x Dulzera -0.060 -0.737* 0.032
Crimson sweet x Dulzera -0.830™ -0.436 0.003
Si + Su 0.697 0.694 0.118
* Significant at 0.05 level of probability. ** Significant at 0.01 level of probability.
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Table 10. Estimates of reciprocal combining ability effects for fruit traits.

\ Characters Traits

Sl Fruit Tss Rind
et \ weight thickness
Giza-21 x Giza-1 -0.575 -1,675* -0.200*
Charleston gray x Giza-1 -0.400 e b e -0.033
Crimson sweet x Giza-1 -0.442 -0.350 0.017
Dulzera x Giza-1 -0.546 -0.517 0.200*
Charleston gray x Giza-21 -0.667* 0.367 0.125*
Crimson sweet x Giza-21 0.192 -2.183** -0.233**
Dulzera x Giza-21 -0.071 -0.583 -0.017
Crimson sweet x Charleston gray -0.567 0.183 0.267*
Dulzera x Charleston gray 0.850* 0.242 -.0.100
Dulzera x Crimson sweet -0.582 -0.507 -0.050
ri + g 0.900 0.896 0.152

* Significant at 0.05 level of probability.

** Significant at 0.01 level of probability.

As for specific combining ability effect is considerad only one cross, i.e.,
Giza-1 x Charleston gray, showed significantly positive effect for number of
seeds (Table 9). The cross combination Giza-1 x Crimson sweet further
exhibited significantly positive specific combining ability effect for fruit weight.
The cross combination (Giza-1 x Dulzera) also showed significant and
positive specific combining ability for three important traits, fruit weight, rind
thickness and number of seeds. Giza-21 x Crimson sweet and Charleston
gray x Crimson sweet, showed significantly positive effect for total soluble
solids, Giza-21 x Crimson sweet showed also some effect for rind thickness.
The crosses combination Crimson sweet x Dulzera and Giza-21 x Charlestin
gray showed significantly positive specific combining ability effect for number
of seeds. Both of the fruit weight and total soluble solids were influenced by
one reciprocal cross effect (Table 10), rind thickness and number of seeds
were also influenced by three reciprocal cross effects.

It is evident from the foregoing results that the crosses showed high
specific combining ability effects were not always involving the two parents
with good general combining ability effects were obtained from crosses
involved one parent with good general combining ability effects. These result
indicated that selection program could be executed in order to select and
develop superior varieties in the advanced segregating generations from
promising F, hybrids. However, some of the crosses including parents with
high general combining ability did not exhibit high specific good combination
in some traits, it may be due to the lack of genetic diversity of the parental
varieties of the crosses.

High specific combining ability estimates were also obtained in crosses
among parents with low general combining ability, which might be due to the
presence of interaction between genes. Furthermore, high specific combining
ability estimates were obtained between high x low general combining ability,
this might be due to the gene interaction involved in these crosses may be low
of unfixable type. These results coincide with the findings of Bhagchandani et
al. (1980) in summer squash, who reported that the best specific combining
ability was sometimes obtained in cross between parents with good and poor
or moderate general combining ability.
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