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ABSTRACT

The inheritance studies of some quantitative and qualitative characteristics of
tomato were carried out using a half diallel crosses mating design to obtain 15
crosses among 6 genotypes.

General (GCA) and Specific (SCA) combining abilities were significant or highly
significant for all studied traits. The large magnitude of (GCA) for the vegetative, and
total soluble solids (TSS %) traits suggested the importance of additive genetic
effects, while the large magnitude of (GCA) and (SCA) for fruit set percentage (FS %),
earliness, total yield, average fruit weight (AFW), fruit firmness (FF), number of locules
per-fruit (NL/F) and fruit thickness (FT) suggested the importance of additive and non-
additive genetic effects.

Bsss7 cultivar (P5) was a good combiner for plant height (PH), fruit set
percentage (FS %), early fruit number (EFN), total fruit number (TFN), total fruit weight
(TWF) and total soluble solids (TSS %). Edkawy cultivar (P2) also, was a good
combiner for number of branches per plant (NB/P) and number of locules per-fruit
(NLF) while Fline cultivar (P6) was a good combiner for average fruit weight (AFW),
fruit firmness (FF), and fruit thickness (FT).

INTRODUCTION

Tomato is one of the most consumed and widely grown vegetable
crops in the world including Egypt.

Many searchers as Abd El-Rahman (1993), Zanata (1994) and

Mehdi, et al. (2008), studied combining ability on tomato and they referred

that the general combining ability (GCA) was significant and higher in

magnitude than the corresponding value of specific combining ability (SCA)

and consequently the ratio of additive variance (& 2 A) to dominance variance

(T % D) was greater than unity suggesting the predominance of additive gene
action for plant height and number of branches per plant. On the other hand,
Sekhar, et al. (2007), reported, that on tomato, for plant height character, the

T 2 GCA/ 7 % SCA ratio was less than unity indicating the predominance of

non-additive effect. In case of number of branches per plant & 2GCcAl o2
SCA was greater than unity reveals that predominance of additive effect and
more GCA variance than SCA variance, These results were in close proximity
with the results of, Dharmatti et al.(1996), Sharma, et al. (1999), Patil (2003),
and Amin et al. (2001) in case of single crosses. While, Konsouh and zakher
(2011), reported that both general and specific combining abilities were highly
significant for plant height and number of branches.
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ElI-Adl et. al. (1984) estimated the type of gene effects contributing to the
genetic variation of flowering traits. They reported that the magnitudes of
additive genetic variation appeared to be larger than those of dominance
genetic variance with respect to most of flowering traits. While, Shrife and
Hussien (1992), Zanata (1994) reported that, additive and non-additive
genetic variances were significant for percentage of fruit set in tomato. And
Shalaby et.al. (1983), Khalil etal. (1988), Metwally et al. (1990) and Zanata
(1994) and Konsouh and Zakher (2011) for early yield. While, Wahb-Allah
(1995) and Salib (1999 indicated the presence of various degrees of
dominance and over dominance controlling the inheritance of early yield.
Metwally et al. (1990) reported on tomato that, general and specific
combining ability for total yield were found highly significant. The additive
gene effects appeared more important than non-additive gene effects.

Meanwhile, Sekhar et.al, (2007) found that, the & 2 GCA/ @ 2 SCA ratio was
0.027 hence it revealed that for this trait non-additive effects and higher SCA
variance was important. These results were in close proximity with the
findings of Dharmatti et.al. (1996) and Patil (2003) and Muhammad, et al.
(2009).while, Singh, et al. (2011) found that GCA and SCA variance were
highly significant for total yield and its component. These results were in
close proximity with the results of Mehdi, et al. (2008) and Konsouh and
Zakher. (2011).

Omara et al. (1988) found in tomato that, additive genetic variance
formed the major part of total genetic variation for average fruit weight, but
the non-additive variance was also significant. Dominance was partial,
directional dominance was operating for smaller fruit weight.

Metwally et al. (1990) found on tomato grown under high temperature
that general combining ability was highly significant for this trait. However
specific combining ability was insignificant. The additive gene effects
appeared more important than non-additive gene effects. These results were
in accordance with study of workers Dobhol et.al. (1999) and Garg et al.
(2008). Sekhar et.al, (2007), found on tomato that, for average fruit weight,
non-additive effects were predominant with higher SCA variance. However,
Konsouh and Zakher (2011) reported, general and specific combining ability
were highly significant for average fruit weight.

Kanno and Kamimurra (1981) and Salib (1999) reported partial
dominance for the soft fruit. While Khalil et al. (1988) found, on tomato some
crosses exhibited no dominance for the fruit firmness, other ones exhibited
partial dominance to the low or high parent. In one cross the dominance for
softness was observed. Also, Garg et al. (2008) found on tomato that, non-
additive genetic variance predominated in controlling firmness index under
both normal and late planting conditions. While, Konsouh and Zakher (2011)
studied combining ability of eleven female parents and three male parents on
tomato and reported that, general and specific combining ability were highly
significant for firmness.

Kanno and Kamimura (1981) found, on tomato, that some crosses
showed complete dominance predominated in controlling the high T.S.S
content, while the other crosses showed complete dominance predominated
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in controlling the low content of T.S.5%. Meanwhile, Metwally et al. (1990)
found, that both general and specific combining abilities for T.S.S% were
highly significant. The additive gene effects appeared more important than
non-additive one. Although, Amin et al. (2001) and Garg et al. (2008) found,
on tomato, that the large magnitudes of non-additive genetic variance
including dominance for T.S.S While, Konsouh and Zakher (2011) reported
that, both general and specific combining abilities were highly significant for
T.S.S.

Dod and Kale (1992) found on tomato that the higher magnitude of
GCA compared with SCA for number of locules and fruit wall thickness
indicated a predominant role of additive gene action. On the other hand, Patil
(2003) and Sekhar et al (2007) found in tomato for pericarp thickness that,

T 2 GCA/ T 2 SCA ratio was 0.047 indicating the importance of non-additive
effects and SCA variance. These results were in accordance with study of
earlier workers Dharmatti at al. (1996).and Garg et.al. (2008). The objectives
of this investigation were to estimate the type of gene action and factors
controlling the inheritance of tomato traits.

MATERIALS AND METHODS

Six tomato cultivars used in this investigation were presented in Table (1):

No. Genotype F.S | G.H Maturity Origin Resistance to
1 Castle Rock L D M USA --
2 Edkawy L D M Egypt Salinity
3 Super L D M France --
Marmand
4 Floraded L SD Late USA --
s | B | s || Emy | s | ooersecka
6 Fline M D Early France Late blight

All cultivars are belonging to the species Lycopersicon esculentum Mill.
Plant from each variety was salved for three generations to end up with an
inbred line from each variety. This work was carried out during 3 successive
years. In 2009, all possible combination crosses were executed in a half
diallel mating design to produce 15 F; seeds.

Experiment design:

The experimental design used was a randomized complete block
design with three replications. Each replicate or block contained 21
experimental units or plots (6 parents, 15 F;). The 21 genotypes were sown
in nursery in seedling trays on April 5" of 2010 and 2011and the seedlings
were transplanted on May 5", Each plot was two ridges, each 6m long and
1.25m wide and plants spaced 40 cm within ridges per block. All cultural
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practices were done as in the commercial production of tomato in Elwazer
village , Gamsa Road.
Data recorded:

1) Vegetative traits: 3) Earliness traits:
= Plant height after 60 days from = Early fruit number (EFN)per plant
transplanting (PH). = Early fruit weight (EFW)per plant
= Number of branches per plant after  4) Total yield traits :
60 days from transplanting (NB/P). = Total fruit number (TFN) per plant
2) Flowering traits: = Total fruit weight (TFW) per plant

= Fruit set percentage (FS %)
5) Fruit quality traits:
= Average fruit weight (AFW)
= Fruit firmness (FF)
= Total soluble solids (TSS %)
= Number of locules per-fruit (NLF)
= Fruit thickness (F.T)

Statistical procedures:
The diallel crosses:

The variation among parents and F, crosses was partitioned separate
and combined data into general and specific combining ability as illustrated
by Griffing (1956), method (2) model (1).

RESULTS AND DISCUSSION
Vegetative traits:

Analysis of variance for both plant height (Ph) and number of branches
per plant (NB/P) in the 6x6 half diallel is shown in Table (2) at two years. The
results showed that the (GCA) was highly significant for both traits at two
years except plant height at the second year was significant. Also, (SCA) was
highly significant for both traits at the two years except plant height at the
second one which was insignificant. Therefore, the additive gene effects were
more important than non-additive gene effects. In this concern Mehdi et.al
(2008) found the same results.

The combined analysis of variance of half diallel crosses were
presented in Table (3) for plant height (Ph) and number of branches per plant
(NB/P). The results showed that the GCA and SCA were highly significant for
all traits. The magnitudes of the GCA and SCA by year’s interaction were not
significant for both traits. The large magnitude of GCA for both traits
suggesting the importance of additive gene action. These results were
agreed with the results of Zanata (1994).

The GCA Effects estimates for plant height (PH) and number of
branches per plant (NB/P) were presented in Table (4) at two years. The
results showed that B5357cultivar had the greatest GCA effects

(2942 Z 2.70) and (1941 2 2.73) for plant height (PH) at the first and

second years, respectively. While the other parents were poor combiner at
two years. Also the results showed that Edkawy cultivar had the greatest

GCA effects (1.28 Z 0. 29) and (1.525 = 0. 38) for number of branches
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per plant (NB/P) at the first and second years, respectively. While the other
parents were poor combiner at two years.

The GCA combined data were presented in Table (5) showed the
same results of both years.

The SCA effects estimates for plant height (PH) and number of
branches per plant (NB/P) were presented in Table (6) at two years. The
results showed that cross (1 X 5) had the greatest value and highly significant
(SCA) effects for both traits at the first year, While both crosses (5 X 6) and (1
X 5) the greatest values and highly significant (SCA) effects for plant height
(PH) and number of branches per plant (NB/P),respectively at the second
years.

The combined data were presented in Table (7) showed that the
cross (5 X 6) had the greatest value and highly significant SCA effects but,
cross (3 X 4) was lowest significant value for plant height. While, the cross (1
X 5) had the greatest value and highly significant SCA effects but, cross (2 X
5) was significantly lowest value for number of branches per plant.

Flowering traits:

The analyses of variance of the half diallel crosses were presented in
Table (2) for fruit sets (FS %) at two years. The results showed that both
GCA and SCA were highly significant for this trait at two years. The combined
analysis of variance of half diallel crosses Table (3) showed that the GCA and
SCA were highly significant. Also, the magnitudes of the (GCA x Y) and (SCA
x Y) interactions were highly significant revealing the importance of both
additive and non-additive gene action in the inheritance of fruit sets. These
results agree with Shrife and Hussien (1992) and Zanata (1994)

The GCA effects estimates for fruit sets (FS %) were presented in
Table (4) at two years. The results showed that Super Marmand and Bsssy
cultivars were highly significant and positive GCA effects but other parents
were poor combiner at two years. The combined data in Table (5) showed
that the parent Bsss; had the greatest GCA effects (2.63 Z 0.431), while the

other parents were poor combiner.

The SCA effects estimates for fruit sets (FS %) trait was presented in
Table (6) at two years. The results showed that crosses (2X3, 5X6, 1X4,
and3X5) had the greatest values and highly significant SCA effects for this
trait at the first year, while the crosses (2X6, 5X6, and 3X4) were the greatest
value and highly significant SCA effects at the second years. The combined
data for fruit sets (FS %) were presented in Table (7) showed that crosses
(2X6), (5x6), (3X4), and (3X5) were highly significant and positive SCA
effects.

Earliness traits:

The analysis of variance of diallel crosses was presented in Table (2)
for two earliness ftraits, i.e. early fruit number (EFN) and early fruit weight
(EFW) at two years. The results showed that the GCA was highly significant
for all traits at two years. Also, SCA was highly significant for all traits at two
years except early fruit weight at the second year. Therefore, the additive
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gene action was more important than non-additive one (Metwally et.al. 1999
and Zanata 1994).

The combined analysis of variance in the 6x6 half diallel was
presented in Table (3) for early fruit number (EFN) and early fruit weight
(EFW) at two years. Results showed that both GCA and SCA were highly
significant for all earliness traits. Also, the interaction of half diallel crosses by
years showed that their mean square were highly significant for early fruit
number (EFN) and early fruit weight (EFW). The magnitudes of both GCA x y
and SCA x y interaction were highly significant for early fruit number (EFN)
trait and significant for early fruit weight (EFW) trait. The results indicate the
importance of additive and non-additive genetic effects. These results
agreements with the results of, Khalil et.al. (1988), Konsouh and Zakher.
(2011).

The (GCA) effects estimates for early fruit number (EFN) and early fruit
weight (EFW) traits were presented in table (4) at two years. The results

showed that (P4) cultivar had the greatest GCA effects {1882 £ 2.71) and
(1612 0.39) for (EFN) and (EFW) traits followed by (P5) with value
(1268 % 2.71) for (EFN) at the first year. In the second year (P5 and P4)
cultivars were the greatest GCA effects with value (11.27 £1.32) and

(2.61 2 0.25) for (EFN) and (EFW), respectively. While the other parents

were poor combiner for those traits at two years.
The combined data were presented in table (5) showed that the parent

(P5) was highly significant and greatest value ( 11.98 ¥ 1.51) for early fruit

number (EFN) so, this parent considers the greatest combiner for early fruit
number (EFN) but all parents were poorest combiners. While, the parent (P4)

was highly significant and greatest value ( 1.11 ¥ 0.23) for early fruit weight

(EFW). so, this parent considers the greatest combiner for early fruit weight
(EFW).

The SCA effects estimates for early fruit number (EFN) and early fruit
weight (EFW) traits were presented in Table (6) at two years. The results
showed that (8 out 15) crosses showed positive values of SCA but 5 crosses
only were positive significant or highly significant SCA effects for (EFN).
While, (8 out 15) crosses showed positive values of SCA but 3 crosses only
were significant for (EFW). Cross (4X5) had the greatest SCA effects for both

EFN and EFW with value (111.28 # 6.15) and (4.61 F 0.88), respectively

at first year.

Also the result showed that (11 out 15) and (10 out 15) crosses
showed positive values SCA effects for (EFN) and (EFW) traits, respectively.
But only 3 crosses were significant for (EFN) trait and non significant crosses
for (EFW) at the second year.

The combined data were presented in Table (7) showed that crosses
(1X6, 2X6 and 4X5) were highly significant and positive SCA effects for two
traits. Also the cross (2X4) was highly significant and positive SCA effects for
early fruit number (EFN).
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Total yield traits:

The analysis of variance of diallel crosses were presented in Table
(2) total fruit number (TFN) and total fruit weight (TFW) traits at two years.
The results showed that the GCA was highly significant for both traits at two
years. Also the SCA was highly significant for total fruit weight (TFW) trait at
two years and significant for total fruit number (TFN) at only second years.
Therefore, the additive gene action was more important than non-additive
one. These findings are consistent with both Metwally et,al (1999), and
Konsouh and Zakher. (2011).

The combined analysis of variance of half diallel crosses results was
presented in Table (3) for total fruit number (TFN) and total fruit weight (TFW)
traits at two years. The results showed that both GCA and SCA were highly
significant for total yield traits in this concern Mehdi et.al. (2008) and Singh,
et. al. (2011). The interaction of half diallel crosses by years were highly
significant for total fruit number (TFN) and total fruit weight (TFW). The
magnitudes of the GCA by year’s interaction were highly significant for all
traits. However the SCA by year’s interaction were not significant for any
traits suggesting the majority of additive genetic variance although the
significance of the non-additive variance (Metwally et.,al. (1999).

The GCA effects estimates for total fruit number (TFN) and total fruit
weight (TFW) traits were presented in Table (4) at two years. The results

showed that (Ps) cultivar had the greatest GCA effects {316.%8 T 27.59 and

2.76 T 1.24) for both traits at the first year and {91.30 T 12.85 and 2.79 ©

0.81) at the second years, respectively .While the other parents were poor
for these traits at two years.
The combined data were presented in Table (5) showed that the parent (Ps)

were highly significant and positive GCA effects (20414 ¥ 15.21) and

(6.28 2 0.74) for total fruit number (TFN) and total fruits weight (TFW) traits,

respectively. So, this parent considers the greatest combiner for total yield
traits but all parents ware poor combiner.

Table1 (5): General combining ability effects (gi) for arrays in combined
data over both years,.

FT | NLF [Tss%| FF | aFw | TPW I qpy | BFWH epy | Eso, |NBR | PH
(kg) (kg) (cm)

0.16 | 0.34* -0.21**-0.15** 3.48** | 0.82 | -19.61 | 0.10 |-7.13**|-0.97*| 0.63* |-7.95**| P
-0.12 |0.53**| -0.03 |-0.12**| 1.29 | -5.52 |-84.88**|-0.92**-9.48**|-1.95**| 1.44* | -3.54 P2
0.00 |0.44**|0.12**| 0.10* | 2.87* | -0.52 | -34.37*| 0.37 [-3.12* [1.94**| -0.19 |-7.83**| Ps
-0.09 | 0.23 }-0.14** 0.01 | -0.24 | -0.08 | -5.51 |1.11**|9.79**| -0.50 |-0.81**| 4.36" P4
-0.38**-0.63**0.28**| 0.02 |-14.65**6.28**|204.14**-1.31**|11.98**2.63**|-1.22**24.41* Ps
0.43**1-0.91** -0.02 |0.15**| 7.25**| -0.98 |-59.77**|0.66**| -2.03 |-1.16** 0.16 |-9.45™*| Ps
0.1115/0.1552/0.0352|0.0454|1.2231|0.7403]15.2162/0.2319)1.5099(0.4318/0.2402|1.9182| SE
*, **  Significant at 0.05 and 0.01 levels of probability, respectively

Parents

The data in Tables (6) showed that the crosses 1X5, 3X5 and 4X5 had
the greatest values and significant SCA effects for total fruits number (TFN)
trait at the first year and only the cross (2X4) at the second one. While, the
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crosses 2X4 and 3X5 were the greatest value and highly significant SCA
effects for total fruits weight (TFW) at two years. Also, the crosses (1X5 and
3X6) at the first year and cross (2X3) at the second one were the greatest
values and highly significant SCA effects for the same trait.

The combined data were presented in Table (7) showed that three crosses
(2X4, 3X6 and 4X5) were positive significant or highly significant SCA effects
for total fruits number (TFN) trait , while Six crosses showed positive values
significant or highly significant SCA for total fruit weight (TFW) trait.

Fruit quality traits:

The analysis of variance of diallel crosses at two years and combined
analysis of variance of GCA and SCA for five fruit quality traits i.e., average
fruit weight (AFW), fruit firmness (FF), total soluble solid (TSS %), number of
locules (NLF) and flesh thickness (FT) were presented in Tables (2,3). The
results showed that the GCA was highly significant at two years while, the
SCA was only highly significant at the second year for average of fruit weight
(AFW). While the combined analysis of variance of GCA and SCA were
highly significant and significant, respectively for the same ftrait, the
interaction of half diallel crosses by years showed that. The magnitudes of
the GCA by years interaction were highly significant, indicating the
importance of additive one than non-additive gene action these results
agreements with the results of Metwally et.al, (1990)

The GCA was highly significant fruit firmness (FF) in only 2™ year and
SCA was significant at the first year for fruit firmness. While the combined
analysis of variance of GCA and SCA were highly significant for the same
trait. The interaction of half diallel crosses by years showed that, the
magnitudes of the GCA and SCA by year’s interaction were not significant.
These results indicate the importance of additive and non-additive genetic
effects. These results agreements with the results were obtained by Konsouh
and Zakher (2011)

With respect to TSS trait; the GCA was highly significant at two years,
but the SCA was not significant at both years. The combined analysis of
variance of GCA was highly significant, while SCA was only significant. The
magnitudes of the GCA by years interaction was significant, but the SCA by
years interaction was not significant indicating, the additive gene action
appeared more important than non-additive gene action, Metwally et.al.
(1990)

The results of number of locules (NLF) and flesh thickness (FT) traits at
two years showed that the GCA and SCA were highly significant at first year
and highly significant or significant at second year. The combined analysis of
variance of GCA and SCA were highly significant for these traits but the
magnitudes of the GCA and SCA by year's interaction were not significant
indicating the importance of both additive gene action and non-additive gene
action. These findings are contrast with, Dod and Kale (1992) they, indicated
a predominant role for additive gene action, and Sekhar et.al (2007) they
indicating the importance of non-additive effects in inheritance of number of
locules (NLF) and flesh thickness (FT) traits.
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The GCA Effects estimates for average fruit weight (AFW), fruit
firmness (FF), total soluble solids (TSS %), number of locules (NLF) and flesh
thickness (FT) traits were presented in Table (4) at two years. The results
showed that (P6) had the greatest GCA

effects(10.03 ¥ 1.59) (0.11  .05) and (0.55 Z0.18) for average fruit
weight (AFW), fruit firmness (FF) and flesh thickness (FT) at the first year,
respectively and(447 2 1.85),(0.18 2 0.07) and (0.32 Z0.1¢) at the

second one, respectively so it's a good combiner for these traits. Also, (P5)
had the greatest GCA effects with values(0.24 *0.05) and (0.33 2 C.05]

for total soluble solid (TSS %) at first and second years, respectively. so it's a
good combiner for this trait. While the (P,) in the first year and (P3) in the
second one had the greatest GCA effects for number of locules (NLF) with

values (158 T 016 and (0.87 I 0.26), respectively. But the other

parents were poor for all traits at two years.
The combined data presented in Table (5) showed that, the parent (P6) were
highly  significant  and positive = GCA  effects  with  values

(7,25 F1.22),(0.15 ? 0.05) and(0.43 ? €.11) for average of fruit weight

(AFW), fruit firmness (FF) and flesh thickness (FT) traits, respectively so it's a
good combiner for these traits. Results also showed that the parent (P,) was

highly significant and positive GCA effects with value {0.53 T 0,15) for

number of locules (NLF), also (P5) with {0.28 £0.04) for total soluble solids

(TSS %).so, these parents consider the greatest combiner for these traits but
other parents were the poorest combiners.

The data were presented in Table (6) at two years showed that cross
(2X5) had the greatest value and insignificant SCA effects were observed for
average of fruit weight (AFW) at the first year but the crosses (1X4, 3X5 and
4X6) had the greatest value and highly significant SCA effects for the same
trait in the second year . The cross (4X5) had the greatest value and highly
significant SCA effects at two years and the cross 2X3 at the first year for fruit
firmness (FF). The cross (4X6) had the greatest value and highly significant
SCA effects for total soluble solids (TSS %) at two years also, the crosses
(1X4 and 4X5) for number of locules (NLF) and at the first and second year,
respectively. The result showed that crosses (4X6 and 3X5) were highly
significant and the crosses (1X6 and 2X4) were only significant at the first
year ,while the crosses ( 1X6, 2X4, 5X6) had the greatest value and
significant SCA effects at the second year for flesh thickness (FT) trait.
The combined data presented in Table (7) showed that both (4X6 and 1X4)
were highly significant and positive SCA effects for average fruit weight
(AFW).
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Also the crosses (4X5, 2X3) and (1X6) were positive highly significant and
significant SCA effects, respectively for fruit firmness (FF) and cross (4X6) for
total soluble solid (TSS %). While the cross (4X5) was significant for number
of locules (NLF) but theses crosses (1X6, 2X4, 3X5 and 4X6) were highly
significant and positive SCA effects for flesh thickness (FT).

It could be concluded that the present study indicated that importance
of additive genetic effects for vegetative growth , and total soluble solids (TSS
%) traits, therefore the selection is the best method to improve these traits,
while the importance of additive and non-additive genetic effects for fruit set
percentage (FS%), earliness ,total yield ,average fruit weight (AFW), fruit
firmness (FF), number of locules per-fruit (NL/F) and fruit thickness (FT)
reveling the recurrent selection is the best method to improve these traits.
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Table (2): Mean squares of diallel crosses for vegetative (PH — NB/P), flowering (FS %), earliness (EFN - EFW),
total yield (TFN TFW) and fruit quality (AFW — FF — TSS % - FT) traits in F, hybrids, at two years.

FT NLF [TSS% AFW | TFW (kg) TFN EFW (kg) [ EFN FS% [ NB/P | PH (cm) years| S.0.V
0.82** | 3.04** [ 0.23** 0.07 900.52** | 244.80** [201306.52**| 13.61** |1262.21**| 22.15** [ 9.30** | 2017.10** 5 Y, GCA
0.60* [3.79** | 0.35** | 0.17** | 228.94** | 44.28** | 21282.29** | 3.20** | 341.53** | 48.73** [ 6.73** | 82942* | 5 [ Y, ~
0.912** [ 0.93** | 0.03 [0.078* | 24.43 | 76.01* | 12553.44 | 4.91** |1455.59**| 9.41** [ 5.30** | 317.89** | 15 | Y1 SCA
0.64** | 1.30* | 0.04 | 0.06 | 93.32** | 25.89** | 3824.53* 0.72 47.37* |22.46** [ 5.78**| 119.39 | 15 | Y2 ks
0.233 | 0.257 [ 0.024 | 0.036 | 24.410 | 14.779 | 7306.891 1.4449 70.72 1.79 | 0.80 | 69.7407 | 40 | Y, Error
0.244 | 0.668 | 0.024 | 0.043 | 33.031 6.266 1583.977 0.62 16.82 537 | 142 | 7156 | 40 [ Y,

Table (3): The combined analysis of variance for general and specific combining abilities for studied traits.

FT | NLF |[TSS% | FF AFW [ TFW (kg) TFN EFW (kg) EFN FS% | NB/P | PH(cm) | df S.0.V.
1.21* | 6.01** | 0.51* | 0.22** | 925.90** | 229.59** | 172948.62** | 13.99** | 1260.84** | 54.55** | 14.97** | 2692.42** | 5 G.CA
1.37** | 2.09** | 0.06* | 0.14** | 64.71* | 85.40* | 11437.95* | 3.18** | 786.65** | 21.20** | 9.45** | 391.98** | 15 S.C.A
0.21 | 0.82 | 0.07* | 0.019 [ 203.55** | 59.48** | 49640.19** 2.82* 342.90* | 16.33* | 1.07 154.10 5 [GCA X Y
0.18 | 0.15 [0.0071[0.0075| 53.04 16.51 4940.02 2.44* 716.32** | 10.67 | 1.63 45.31 15 | SCA XY
0.239 | 0.463 | 0.024 | 0.040 | 28.721 | 10.522 4445.434 1.032 43770 | 3.580 | 1.108 | 70.648 | 80 Error

*, ** Significant at 0.05 and 0.01 levels of probability, respectively
Table (4): General combining ability effects (gi) for arrays at two years.

FT NLF | TSS% | FF AFW | TFW(kg) TFN f:g;’ EFN FS% | NB/P | PH(cm) | years Parent
0.06 | 0.55** [ -0.21** | -0.09 3.07 0.26 -30.02 0.52 | -8.87** | -0.81 | 1.04** | -11.45* Y; b
026 | 014 [-0.21** [-021* | 3.89 1.38 -9.21 032 | -5.40* | 113 | 0.22 -4.45 Y, !
-0.27 | 059 | -0.04 | -0.11 0.08 713 | -109.81* | -1.30** | -11.47* | -2.46** | 1.28** | -4.77 Y, P
003 | 047 [ -0.03 [ -0.14* 2.51 -3.90* | -50.95** | -0.54 | -7.49** | -1.43 | 1.59** | -2.31 Y 2
-0.02 | 0.01 0.07 0.11 3.38* -2.30* -64.07* 0.17 -6.33* | 1.76* | -0.16 | -7.97 Yi P
0.02 | 0.87** | 0.17** | 0.09 2.36 1.26 -4.67 0.56 0.08 | 213* | 022 | -7.70* Y, ®
0.05 | 0.35* [-0.17** | -0.02 4.05* 0.51 -25.86 1.61** | 18.82* | -0.88* | -0.73* | 6.45* Y, P
023 | 012 | -0.11* | 0.03 -4.54 -0.66 14.85 0.61 0.76 -0.12 | -0.90* | 2.26 Y, ¢
-0.37* | -0.68** | 0.24** | 0.00 | -20.62** | 9.76** | 316.98** | -1.81** | 12.68** | 1.64** | -1.50** | 29.42** Y, P
-0.39* | -0.58* | 0.33** | 0.04 -8.69 2.79* 91.30* | -0.81 | 11.27** | 3.63** | -0.86* | 19.41** Y °
0.55** | -0.82** | 0.11* | 0.11 | 10.03** -1.10 -87.21** | 0.80* -4.83 075 | 0.16 | -11.68** Y, b
0.32 | -1.01** [ -0.15** | 0.18* 4.47 -0.86 -32.32* 0.51 076 | -3.07*| 016 [ -7.21* Y, °
0.16 | 0.16 0.05 0.06 1.59 1.24 27.59 0.39 2.71 043 | 0.29 2.70 Y, SE
0.16 | 0.26 0.05 0.07 1.85 0.81 12.85 0.25 1.32 075 | 0.38 2.73 Y
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Table1 (6): Specific combining ability effects (Sij) of each cross for vegetative (PH — NB/P), flowering (FS %), earliness

(EFN - EFW), total yield (TNF - TFW) and fruit quality (AFW — FF — TSS % - FT) traits at two years.

FT NLF_ | TSS% FF AFW | TFW (kg) | TFN | EFW (kg) | EFN FS% NB/P_ | PH (cm) Crosses
0.16_| -0.88* | 0.17 | -0.03 3.71 3.36 64.07 1.34 1040 | 1.55 0.15 496" [ Yi| 5 .p
0515 | 0.831 | 0.204 | 0.131 | -0.226 2293 | 29578 | 0205 | -2.504 | 0928 | -1.5649 | 7.247 | Y, 1X P
0.41 0.22 0.01 0.10 -4.67 444 | 2944 | 153 10.16 | _1.12 048 495 [ Yi| o o
0.727 | 0.869 | 0.001 | 0.141 | -2.409 1555 | -0.250 | -0.219 | 2.408 | -1.133 | 1.762 | 3.238 | Y, 1XFs
0.07 | 0.80* | -0.15 | -0.18 1.94 1.35 2758 | 135 [ -41.96™| 336" | 213" | 500 [ Yi| p  p
0.298 | 0.896 | -0.104 | 0.072 | 12.627~ | 3.090 | -26.830 | 1.088 | 5390 | -2.882 | 0556 | 2.922 | Y, 1X P
0.14 | -0.81* | _0.15 0.23 -3.45 7.97" [ 133.38° | _-1.01 1.14 168 | 377~ | 2286 | Y1 | p p
©0.057 | -0.900 | 0.151 | 0.098 | 6.324 1927 | -256.766 | _0.097 | 6.869° | 1.365 | 3.404 | 15.016° | Y, 1XFs
0.76° | 092 | _0.14 | 0.30° -4.09 5.55 7749 | 2.85° | 36.02" | _0.95 049 [ 2070 [Yi | p . p
0.755° | -0.840 | 0.064 | 0.222 | -10.540° | 0.243 | 54.480 | 0.471 | 4.238 | 3.464 | 1.087 | -9.150 | Y, 1X e
027 | 039 | -0.04 | 053~ | -4.32 1.93 52.45 0.01 -002 | 365" | 369~ | 1448 [ Y: | o
0.290 | -0.903 | -0.009 | 0.267 | 4.828 5656 | 44.933 | 0.339 | 2.329 | 1.165 | 1.786° | 8.697 | Y, 2X s
0.88° | -0.74 0.14 | -0.03 -0.81 881~ | 102.13 | _-051 | 2057~ | 2.23 126 | -1746% [ Y: | o o
0.817* | -1.353" | 0.217 | -0.071 | -9.101* | 6.103™ [123.91| 0.861 5.340 | -1.583 | 0.668 | -2.824 | Y, 2X P4
063 | 062 0.06 | -0.26 5.76 585 | 1057 | -154 |-32.17~| -1.08 | -0.35 012 [Yi| o &
0.689 | 0.345 | 0.052 | 0.221 | -2.651 3.225 | 46.985| 0.033 | 3.611 | -3.332 | 2.680~ | 3.242 | Y, 2XFs
007 | 070 | _-0.19 0.01 1.98 343 42.27 | 342~ | 15.15* | _1.70 145" | 2079 [ Y1 | o o
10.205 | -0.222 | -0.235* | _0.011 5.801 4426 | 24616 | _1.064 | 4.448 | 9.361~ | 1.462 | 9.608 | Y2 2X Fs
0.06 | -1.12 | _0.16 0.15 4.76 0.11 33.21 0.22 755 | 241" | 041 694" [ Y, | o o
0.219 | -1.095 | 0.154 | 0.157 | -2.364 1.816__| 36.947 | 0970 | 5.756 | 8.849~ | 0.881 2612 | Y, 3X s
1.54% | -0.67 | 0.42 | -0.13 0.37 11.23" | 127.48" | _0.35 15.08* | 3.24™ | -0.19 210 [ Yi| o 5
0.711 | -1.066 | -0.001 | -0.104 | 21.774" | 6.709™ |-51.998 | 0.108 | 7.035* | 2.102 | -0.456 | -0.438 | Y, 3XFs
0.03 | 045 | -0.07 0.20 1.53 9.71" | 9548 | -1.37 6.67 1.05 1.40° 847 | Yi | o o
0.136_| 0.303 | 0.181 | 0.180 | -6.300 2667 | 62.929 | _1.050 | 4.804 | 4.194 | 0.225 1411 Y, 3X s
029 | 027 | -0.20 | 0.38" | -11.14" 253 [ 15550" | 461~ [112.28™| 283~ | -092 | 2140% [ Y: | o o
©0.080 | 1.219° | -0.245" | 0.356° | -5.066 0.080 | 39.126 | -0.485 | -2.407 | -0.646 | 2.124* | 8594 | Y, aXFs
1.85% | -0.16 | 0.32* | 0.07 2.75 -3.21 5168 | -3.81~ |-33.33" | -0.25 1.26 066 [ Yi| o b
0.242 | 0.307 | 0.237" | 0.200 | 14438 | 1.735 | -50.512 | -1.083 | -3.249 | 0.0564 | 2.155° | 0.961 | Y, 4X T
0.06 068 | _-0.04 0.04 -1.57 3.84 6.01 0.92 -9.00 [ 347~ | 062 [ 186" [ Yi | o o
0.739° | 0.362 | 0.222 | 0.226 | -5.410 1.551 | 35.744 | -0.002 | 6.596* | 5.301™ | 0.269 | 20.306™ | Y, sX s
0.35 0.37 0.11 0.14 362 2.81 62.57 0.88 6.15 0.98 0.65 6.11 | Yy SE

0.3617 | 0.5982 | 0.1130 | 0.1518 | 4.2066 | 1.8322 | 29.1300] 0.5763 | 3.0021 | 1.6967 | 0.8721 | 6.1914 | Y,

*, ** Significant at 0.05 and 0.01 levels of probability, respectively

(1) Castel Rock
(4) Flora-dad

(2) Edkawy
(5) B5357

(3) Super Marmand
(6) Fline
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Table (7): Specific combining ability effects (Sij) of each cross for vegetative (PH — NB/P), flowering (FS %),
earliness (EFN - EFW), total yield (TNF - TFW) and fruit quality (AFW — FF — TSS % -NLF- FT) traits
from the combined data over both years.

FT NLF | TSS% | FF AFW [TFW (kg)] TFN |EFW (kg)] EFN | FS% | NB/P |PH (cm)| Crosses

0.338 | -0.854* | 0.185 0.051 -1.970 | 2.828 | 46.822 | 0.569 3.948 1.237 | -0.698 | 11.104 P1x P2

0.570* | -0.544 | 0.004 0122 | -3.541 | -2.996 | -14.844 | 0.656 3.877 | -0.008 | 0.641 -0.855 P1x Ps3

0.116 | 0.846* | -0.127 | -0.126 | 8.784™ | 2.218 | -27.207 | -0.129 |-18.287**| 0.238 0.787 | -3.961 P1x Py

0.039 | -0.853* | 0.152 0.163 1.436 | 4.949** | 53.807 | -0.458 | 4.003 1.524 | 3.585*" |18.940"*| P1xPs

0.755** | -0.881* | 0.100 | 0.263* | -7.316* | 2.898 | 65.985 | 1.659** |20.131**| 2.208* | 0.788 |-14.928"*| P1xPs

0.012 | -0.645 | -0.026 | 0.399** | 0.253 | 3.791* | 48.689 | 0.174 1.153 | 2.408* | 2.739** |-11.591**| P2xPs

0.851** | -1.047** | 0.179* | -0.050 | -4.955 | 7.459** [113.023** 0.176 |12.957**| 0.326 0.961 [-10.143*| P2x P4

0.658* | -0.137 | 0.056 | -0.243* | 1.555 1.315 | -28.780 | -0.756 |-14.280**| -2.208* | 1.165* | 1.563 P2x Ps

-0.138 | -0.463 | -0.211* | 0.008 3.889 | 3.927* | 33.444 | 2.240** | 9.799** | 5.532** | 1.457** |16.200™* | P2xPsg

0.141 |-1.106" | 0.159 0.155 1.199 0.963 1.867 0.594 | -0.895 | 3.371** | 0.646 | 9.777* P3x P4

1.125** | -0.866* | 0.060 | -0.117 | 10.701 | 8.970** | 37.741 | 0.231 |11.507**| 2.670** | -0.323 | 0.831 P3x Ps

0.083 | -0.376 | 0.054 0.192 | -2.386 | 6.189** | 79.203* | -0.160 | -0.933 | -1.574 | 0.812 4.939 P3x Ps

-0.184 | 0.743* |-0.222** | 0.368** | -8.103** | 1.306 |97.359**| 2.064** |54.939**| -1.737 0.603 [14.995"| P4xPs

1.047** | -0.232 | 0.279** | 0.134 | 8.596** | -0.738 | -51.094 | -2.448** |-18.287**| -0.100 | 1.707* | -0.150 P4 x Pg

0.340 0.523 0.089 0.135 | -3.489 2.697 | 14.869 | -0.459 | -1.204 | 4.38** 0.443 [19.233"*| PsxPs

0.2528 | 0.3520 | 0.0798 | 0.1029 | 2.7736 | 1.6788 | 34.5071 | 0.5259 | 3.4241 | 0.9793 | 0.5447 | 4.3501 SE

*, ** Significant at 0.05 and 0.01 levels of probability, respectively
(1) Castel Rock (2) Edkawy (3) Super Marmand
(4) Flora-dad (5) B5357 (6) Fline
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