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Abstract

The present study was conducted at the Agricultural Experiment Station of the Faculty of Agriculture, Cairo University, Giza, Egypt. during
2017-2019 fall seasons under greenhouse conditions. Five wild and domestic tomato accessions were selected for this study based on their
characters, especially fruit quality. Crosses were made between cv. Ace 55 VF (as female parent) and three accessions, one each S.
pimpinellifolium, S. cheesmaniae and S. lycopersicum (Jubilee) (as males). Also, crosses were made, in both directions among the three wild
accessions and were evaluated, in a completely randomized design with three replicates, for some fruit quality characters. Results indicated
that low average fruit weight (AFW) was partially dominant. The minimum number of genes controlling AFW was 80 pairs in the cross Ace
55 VF X S. pimpinellifolium MLP 23102 and 90 pairs in the cross Ace 55 VF X S. cheesmaniae LA 524. Estimates of BSH for the 2 studied
crosses were high and ranged from 76.4 % to 78.6%. Low fruit flesh thickness (FFT) was partially dominant in the cross Ace 55 VF X S.
pimpinellifolium MLP 23102 and completely dominant in the cross Ace 55 VF X S. cheesmaniae LA 524. The minimum number of genes
controlling FFT in the 2 studied crosses was one pair. Estimates of BSH for the 2 studied crosses were high and ranged from 71.3% to 88%.
Low number of locules (NL) showed complete dominance in the two studied crosses. NL was controlled by one pair in the 2 studied crosses.
Estimates of BSH for the 2 studied crosses were high and ranged from 80.8% to 88.6%. Ascorbic acid content (AA) showed no dominance
in the cross Ace 55 VF x S. pimpinellifolium MLP 23102 and exhibited complete dominance of the high parent in the cross Ace 55 VF x S.
cheesmaniae LA 524. The minimum number of genes controlling the AA content was one pair. Estimates of BSH for the 2 studied crosses
were high and ranged from 93.4% to 97.9%. Low total soluble solids (TSS) content was partially dominant in the cross Ace 55 VF x S.
pimpinellifolium MLP 23102 and high TSS content was partially dominant in the cross Ace 55 VF X §. cheesmaniae LA 524 and completely
dominant in the cross S. lycopersicum var. cerasiforme P1 647522 X §. cheesmaniae LA 524. The minimum number of genes controlling
TSS content in the 3 studied crosses was one pair. Estimates of BSH for the 3 studied crosses were high and ranged from 76.8 % to 81.5%.
Low titratable acidity (TA) content showed complete dominance in the crosses Ace 55 VF x S. pimpinellifolium MLP 23102 and Ace 55 VF
x S. cheesmaniae LA 524. The minimum number of genes controlling TA in the 2 studied crosses was one pair. Estimates of BSH for the 2
studied crosses were high and ranged from 85.5 % to 86.7%. High lycopene content (LC) was over dominant in the crosses Ace 55 VF x S.
cheesmaniae LA 524 and Ace 55 VF x S. lycopersicum (Jubilee). LC was controlled by one pair of gene in the 2 studied crosses. Estimates
of BSH for the 2 studied crosses were high and ranged from 94.7% to 98.7%. Low [B-carotene content was partially dominant in crosses Ace
55 VF x S. cheesmaniae LA 524, S. lycopersicum var. cerasiforme Pl 647522 X S. cheesmaniae LA 524, S. pimpinellifolium MLP 23102 %
S. cheesmaniae LA 524 and S. cheesmaniae LA 524 XS. pimpinellifolium MLP 23102 and over dominant in the cross Ace 55 VF XS.
lycopersicum (Jubilee). The minimum number of genes controlling B-carotene content in the 5 studied crosses was one pair. Estimates of
BSH for the 5 studied crosses were high and ranged from 86.3% to 98.2%.
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Introduction 2000; Ibarbia and Lambeth, 1969b; Khalaf-Allah, 1970;
Khalil et al., 1983; 1998; Omara et al., 1988; Solieman et al.,
2013), over dominant (Solieman et al., 2013), or conversely
high AFW was partially dominant (Shalaby, 2013, Solieman
et al., 2013). AFW was controlled by10-20 pairs (Ibarbia and
Lambeth, 1969b), 5 pairs (Khalil er al., 1983), 66 pairs
(Abdel-Ati et al., 2000), or 22-29 pairs of genes (Hazra et al.,
2001). Estimates of BSH for AFW were high (Aralikatti et
al., 2018; Ghosh et al., 2010; Gillani et al., 2019; Khapte and
Jansirani., 2014; Kumar et al., 2013; Ligade et al., 2017;
Mohamed et al., 2012; Prajapatil et al., 2015 and Shalaby .,
2013), or low (Kumar et al., 2018 and Meena et al., 2018).
Small FFT was partially dominant (Sherpa et al., 2014 and
Solieman et al., 2013) or over dominant (Sherpa et al., 2014).
Large FFT was partially dominant (Sherpa et al., 2014 and
Solieman et al., 2013), completely dominant (Solieman et al.,
2013), or over dominant (Sherpa et al., 2014 and Solieman et
al., 2013). Estimates of BSH for FFT were high (Hedau et
al., 2008; Khapte and Jansirani, 2014; Kumar et al., 2013;
Kumar et al., 2018; Ligade et al., 2017; Manish et al., 2017,
Panchbhaiya et al, 2018 and Shankar et al, 2013), or
moderate (Aralikatti et al., 2018 and Meena er al., 2018).

In former studies small fruit weight was found to be  Low NL showed complete dominance (Pandiarana et al.,
partially dominant over large fruit weight (Abdel-Ati, 1985,  2015), partial dominance (Pandiarana et al., 2015; Solieman

Tomato (Solanum lycopersicum L.) is considered one of
the most important vegetable crops grown in Egypt, which is
one of the major tomato producing countries. Egypt's
production of tomato in 2018 was 6,779,830 ton, area
cultivated was 428,583 fedden, and average production was
16.6 ton/feds (Agriculture Directorates of Governorates,
Economic Affairs Sector). Fruit quality is an essential factor
in tomato production. Therefore, enhancement of fruit quality
characters is a major goal in tomato breeding programs
(Rodriguez et al., 2010). The first step of plant breeding for
crop improvement is evaluation of the genetic variability
available in collected germplasm, which is considered as the
reservoir of variability for different characters (Vavilov,
1951). Various tomato traits have been improved using wild
species since the 1930s (Rick, 1986). In the case of
organoleptic quality, several wild species have been used in
the improvement of fruit quality (Fernie et al., 2006). Fruit
quality is defined as a combination of visual stimulants like
size, shape and colour, and sensory properties like sweetness,
acidity and taste (Bai and Lindhout, 2007).
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et al., 2013), or over dominance (Pandiarana et al., 2015;
Sherpa et al., 2014). High NL was partially dominant
(Pandiarana et al., 2015; Solieman et al., 2013), completely
dominant (Pandiarana et al., 2015; Sherpa et al., 2014) or
over dominant (Pandiarana et al., 2015; Solieman et al.,
2013). Estimates of BSH for NL were high (Khuntia et al.,
2019; Ligade et al., 2017; Panchbhaiya et al., 2018; Shankar
et al., 2013), moderate (Khapte and Jansirani., 2014; Kumar
et al., 2018; Meena et al., 2018), or low (Aralikatti et al.,
2018). High AA content was partially dominant (Aggour.,
1999; Pandiarana et al., 2015; Pujer et al., 2017; Sherpa et
al., 2014; Solieman et al., 2013), over dominant (Pujer ef al.,
2017; Pandiarana et al., 2015; Sherpa et al., 2014; Solieman
et al., 2013), or showed no dominance (Pujer et al., 2017;
Hatem., 1994). Low AA content was partially dominant
(Abdel-Ati 1985; Pujer et al., 2017; Khalil et al., 1998;
Pandiarana et al., 2015; Sherpa et al., 2014 and Solieman et
al., 2013), completely dominant (Pujer et al., 2017), or over
dominant (Pandiarana et al., 2015; Pujer et al., 2017; Sherpa
et al., 2014). AA content was controlled by one gene pair
(Khalil, 1979), 2 pairs (Aggour, 1999), or 5 pairs (Hassan et
al., 2000). Estimates of BSH for AA content were high (Das
et al.,2018; Gillani et al., 2019; Hedau et al., 2008 Kumar et
al., 2013; Ligade et al., 2017), moderate (Panchbhaiya et al.,
2018 and Prashanth et al., 2007), or low (Meena et al., 2018).
Low TSS was partially dominant (Pujer et al., 2017; Sherpa
et al., 2014; Solieman et al., 2013), completely dominant
(Khalil et al., 1998; Pandiarana et al., 2015; Zhou and Xu,
1990), over dominant (Pujer et al., 2017; Pandiarana et al.,
2015; Sherpa et al., 2014), or showed absence of dominance
(Pujer et al., 2017; Pandiarana et al., 2015). High TSS was
partially dominant (Monma and Kamimura., 1982;
Pandiarana et al., 2015; Pujer et al., 2017; Solieman et al.,
2013), completely dominant (Pujer et al., 2017), or over
dominant (Pandiarana et al., 2015; Pujer et al., 2017; Sherpa
et al., 2014; Solieman et al., 2013). TSS was controlled by
one pair (Abdel-Ati, 1992), 2 pairs (Abdel-Ati, 1985), or 3
pairs of genes (Hassan et al., 2000; Ibarbia and Lambeth,
1969a ; Khalil et al., 1979). Estimates of BSH for TSS were
high (Aralikatti et al., 2018; Das et al., 2018; Hasan et al.,
2016; Hedau et al., 2008; Khapte and Jansirani., 2014;
Khuntia et al., 2019; Kumar et al., 2013; Ligade et al., 2017;
Meena et al., 2018; Panchbhaiya et al., 2018; Prashanth et
al., 2007; Shankar et al., 2013), or moderate (Kumar et al.,
2018). Low TA was partially dominant (Pandiarana et al.,
2015), completely dominant (Pandiarana et al., 2015; Sherpa
et al., 2014), over dominant (Pandiarana et al., 2015), or
showed no dominance (Pandiarana et al., 2015). High TA
showed complete dominance (Sherpa et al., 2014), or over
dominance (Pandiarana et al., 2015; Sherpa et al., 2014).
Estimates of BSH for TA were high (Das er al, 2018;
Panchbhaiya et al., 2018; Shankar et al, 2013), or low
(Hedau et al., 2008; Prashanth er al., 2007). High LC was
partially dominant (Pandiarana et al., 2015; Sherpa et al.,
2014), over dominant (Pandiarana et al., 2015; Sherpa et al.,
2014), or showed no dominance (Sherpa et al., 2014). Low
LC was partially dominant (Sherpa et al., 2014), or over
dominant (Pandiarana et al., 2015; Sherpa et al, 2014).
Estimates of BSH for LC were high (Das et al., 2018; Hedau
et al., 2008; Gillani et al., 2019; Kumar et al., 2013; Ligade
et al., 2017; Prashanth et al., 2007; Panchbhaiya et al., 2018;
Shankar et al., 2013). Estimates of BSH for B-carotene
content were high (Das et al., 2018; Gillani et al., 2019;
Ligade et al., 2017; Panchbhaiya et al., 2018).
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This study was, therefore, conducted with the following
objectives: 1) Evaluating some selected tomato genotypes for
some fruit quality characters, viz., FFT, NL, pH, TA, TSS,
AFW, pigments content (lycopene and B-carotene), and AA
content. 2) Determining the genetic basis of the inheritance
of these fruit quality characters.

Materials and Methods

This study was carried out during the period from 2017
to 2019 at the Agricultural Experiment Station (AES) of the
Faculty of Agriculture, Cairo University, Giza, Egypt. Five
wild and domestic tomato accessions (Table 1) were selected
for this study based on their characters, especially fruit
quality. In the first evaluation season, parental seeds were
sowed in nursery on September 15, 2017 in speedling trays
filled with 1:1 mixture of peatmoss and vermiculate. This
mixture was enriched with macro and micro elements. Five-
week-old seedlings were transplanted on October 22, 2017 in
the greenhouse at AES. Plants of each accession were set 50
cm apart in one bed row 1.2 m-wide, and were subjected to
the common agricultural practices. Crosses were made
between cv. Ace 55 VF (as female parent) and the other 3
parents (as males), viz., S. pimpinellifolium MLP 23102, S.
lycopersicum Jubilee and S. cheesmaniae LA 524. Also,
crosses were made, in both directions among the three other
accessions, viz., S. pimpinellifolium MLP 23102, S.
lycopersicum var. cerasiforme Pl 647522 and S. cheesmaniae
LA 524. In the second season, seeds of the five parents and
their F;s were sowed in nursery on January 15, 2018 . Four-
week-old seedlings were transplanted in the greenhouse in a
randomized complete block design (RCBD) with three
replicates. Plants were set 50 cm apart in beds 1.2 m-wide,
and were subjected to the common agricultural practices. F;
hybrids were selfed to obtain F, seeds and also were crossed
with their parents to obtain the backcross seeds.

Table 1 : List of Solanum accessions evaluated.

Species Accession
S. lycopersicum Ace 55 VF*
S.pimpinellifolium MLP 23102°
S. lycopersicum var. cerasiforme PI 647522%
S.cheesmaniae LA 524°
S. lycopersicum Jubilee®

* Kindly provided by the Tomato Genetic Resources Center, University of
California, Davis.
Kindly received from the Institut fiir Pflanzengenetik und

Kulturpfianzenforschung, Genebank, Gatersleben, Germany.

¢ Kindly obtained from Dr. Charles Block, Plant Introduction Station, Ames,
Towa.

The inheritance of a given character was studied in
crosses between parents having high and low values of each
character. These crosses were Ace 55 VF x S
pimpinellifolium MLP 23102 for studying AFW, NL, FFT,
TSS, TA and AA content; Ace 55 VF x S. cheesmaniae LA
524 for studying AFW, NL, FFT, TSS, TA, and contents of
AA, lycopene and B-carotene; Ace 55 VF x S. lycopersicum
Jubilee for studying lycopene and B-carotene contents; S.
pimpinellifolium MLP 23102 X S. cheesmaniae LA 524 and
S. cheesmaniae LA 524 x S. pimpinellifolium MLP 23102 for
studying fruit contents of B-carotene, and S. lycopersicum
var. cerasiforme Pl 647522 x S. cheesmaniae LA 524 for
studying TSS and B-carotene contents.
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Seeds of genetic populations of each cross, viz., P, P,,
F;, F,, BCP, and BCP, were sowed on September 20, 2018
and seedlings were field-transplanted in the greenhouse on
October 25 for evaluation of the fruit quality characters.
Populations of each cross were planted in a RCBD with 3
replicates. Data recorded for the evaluated characters were
taken on individual plants. AFW was determined as the mean
weight of at least five fruits from each individual plant in the
second and third pickings. NL per fruit was determined as
average of at least five fruits / individual plant. FFT was
determined as average of at least five fruits / individual plant.
TSS was determined in at least five ripe fruits from each
plant using a digital refractometer. TA was ascertained in
ripe fruits using 0.1 N NaOH solution and phenolphthalein as
indicator (AOAC, 1990). AA content was determined in ripe
fruits using 2, 6 dichlorophenol-endophenol dye (AOAC,
1990). LC was determined in ripe fruits according to
Masayasu and Ichiji (1992). PB-carotene content was
determined in ripe fruits according to Masayasu and Ichiji
(1992). Data collected were subjected to analysis of variance
of a RCBD. The T-test was used to indicate to the significant
differences between the two parents for each cross according
to Snedecor and Cochran (1989) and is calculating the
following genetic parameters:

Potence ratio (P) as indicator of the direction of
dominance and calculated according to Smith (1952) as
follows:

P=(F -MP)/[1/2(P, - P,
Where:

F = First generation mean. E = Mean of the smaller parent

E = Mean of the larger parent. MP = Mid parent value =
I/Z(E "'1_32) -

The absence of dominance was assumed when the
difference between the parents was significant and H - MP

was not significant. Complete dominance was assumed when
potence ratio equaled to or did not differ from + 1.0.
Meanwhile, partial dominance was considered when potence
ratio was between +1.0 and -1.0, but was not equal to zero.
Over dominance (Heterosis) was assumed when Potance
ratio exceeded + 1.0.

The minimum number of genes was calculated using
Castle-Wright equation (Castle and Wright, 1921) as follows:
N =D?/ 8(VE,- VF))

Where: N = number of genes controlling the character,
D = difference between parental means, VF; and VF, =
variances of the F; and F, populations, respectively.

Broad sense heritability (BSH) was calculated using
the equation:

BSH = (Vg / Vp) 100 where: Vs = genetic variance,
which was calculated by subtracting the environmental
variance (Vg) from the phenotype variance (Vp), Vp = VF,
.V = Environmental variance, which was calculated as the
geometric mean of the non-segregating populations, i.e.,
parents and F; (Allard, 1960).

Results and Discussion
Evaluation for tomato fruit quality characters
(a) Average fruit weight

Data obtained on AFW of parental, F;, F, and backcross
populations of the crosses between tomato accessions Ace 55
VF, as a female parent, and S. pimpinellifolium MLP 23102
and S. cheesmaniae LA 524, as male parents, are presented in
Table 1. Significant differences were observed between
parents of each cross. The cultivar Ace 55 VF (the female
parent of the 2 crosses) produced the highest significant
AFW (12425 g) compared with the male parents, that
produced fruits weighing 1.11, and 0.97g, respectively.
Means of hybrids Ace 55 VF x S. pimpinellifolium MLP
23102 and Ace 55 VF x §. cheesmaniae LA 524 were very
close to that of the smaller parent. In each cross, F, plants
were widely distributed between their parents with a low
tendency towards the low parent. Mean of BC to cv. Ace 55
VF of the crosses Ace 55 VF x S. pimpinellifolium MLP
23102 and Ace 55 VF x S. cheesmaniae LA 524 showed
slight tendency towards the lower parent. Plants of the
backcrosses to the wild parents were very close to them in
AFW.

Genetic parameters obtained for AFW in the crosses
Ace 55 VF x §. pimpinellifolium MLP 23102 and Ace 55 VF
x S. cheesmaniae LA 524 are presented in Table 2. Low
AFW was partially dominant in the two crosses. These
results agree with those of Ibarbia and Lambeth (1969b),
Khalaf-Allah (1970), Khalil ez al. (1983 & 1998), Abdel-Ati
(1985 & 2000), Omara et al.(1988) and Solieman et al.
(2013) who reported that small fruit weight was found to be
partially dominant over large fruit weight. In accordance,
Solieman et al. (2013) reported over dominance of the low
parent. On the contrary, high AFW was partially dominant as
found by Shalaby (2013) and Solieman et al. (2013).

The minimum number of genes controlling AFW in the
2 studied crosses was 80 pairs in the cross Ace 55 VF x §.
pimpinellifolium MLP 23102 and 90 pairs in the cross Ace 55
VF x §. cheesmaniae LA 524. Generally, AFW of the studied
crosses was quantitatively inherited. These results are in
agreement with those of Khalil er al. (1983), Ibarbia and
Lambeth (1969b), Hazra, et al. (2001) and Abdel-Ati, (2000)
who, respectively, estimated it as 5, 10-20, 22-29 and 66
pairs.

Estimates of BSH for the 2 studied crosses were high
and ranged from 76.4 % to 78.6%. These results agree with
those of Ghosh et al. (2010), Mohamed et al. (2012), Kumar
et al. (2013), Shalaby (2013), Khapte and Jansirani (2014),
Prajapatil et al. (2015), Ligade et al.(2017), Aralikatti et al.
(2018) and Gillani et al. (2019) who reported that BSH for
AFW were high. On the contrary, BSH for AFW were low as
estimated by Meena et al. (2018) and Kumar et al. (2018).

(b) Fruit flesh thickness (FFT)

Data obtained on FFT of parental, F,, F,, and backcross
populations of the crosses between tomato accession Ace 55
VF, as a female parent, and S. pimpinellifolium MLP 23102
and S. cheesmaniae LA 524, as male parents, are presented in
Table 3. Significant differences were observed between
parents of each cross. The cultivar Ace 55 VF (the female
parent of the 2 crosses) produced the highest significant FFT
(5.4 mm) compared with the male parents, that produced FFT
of 1.86 and 1.93mm, respectively. In each cross, F; mean was
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intermediate between its two parents with a tendency towards
the low parent. In each cross, F, plants were widely
distributed between their parents with a low tendency
towards the low parent in the crosses Ace 55 VF x S
pimpinellifolium MLP 23102 and Ace 55 VF x §.
cheesmaniae LA 524. The mean of BC to cv. Ace 55 VF of
the crosses Ace 55 VF X S. pimpinellifolium MLP 23102 and
Ace 55 VF x §. cheesmaniae LA 524 showed slight tendency
towards the lower parent. Plants of the backcrosses to the
wild parents were very close to them in FFT.

Genetic parameters obtained for FFT in the crosses Ace
55 VF x 8. pimpinellifolium MLP 23102 and Ace 55 VF x §.
cheesmaniae LA 524 are presented in Table 4. Low FFT was
partially dominant in the cross Ace 55 VF x &S
pimpinellifolium MLP 23102 and completely dominant in the
cross Ace 55 VF x S. cheesmaniae LA 524. These results
agree with those of Solieman er al. (2013) and Sherpa et al.
(2014) who reported that low FFT was partially dominant
over the high FFT. In accordance, Sherpa et al. (2014)
reported over dominance of the low parent. On the contrary,
high FFT was partially dominant as detected by Solieman et
al. (2013) and Sherpa et al. (2014), completely dominant as
found by Solieman et al. (2013) and over dominant (Sherpa
et al., 2014 and Solieman et al., 2013).

The minimum number of genes controlling FFT trait in
the 2 studied crosses ranged from 1 to 4 pairs.

Estimates of BSH for the 2 studied crosses were high
and ranged from 71.3% to 88%. These results agree with
those of Hedau et al. (2008), Kumar et al. (2013), Shankar et
al. (2013), Khapte and Jansirani (2014), Ligade et al. (2017),
Manish et al. (2017), Kumar et al. (2018) and Panchbhaiya et
al. (2018) who reported high BSH estimates for this trait. On
the contrary, BSH for FFT were moderate as estimated by
Meena et al. (2018) and Aralikatti ef al. (2018).

(c¢) Number of locules

Data obtained on NL of parental, F,, F,, and backcross
populations of the crosses between tomato accession Ace 55
VF, as a female parent, and S. pimpinellifolium MLP 23102
and S. cheesmaniae LA 524, as male parents, are presented in
Table 5. Significant differences were observed between
parents of each cross. The cultivar Ace 55 VF (the female
parent of the 3 crosses) produced the highest significant NL
(3.46) compared with the male parents, that produced number
of locules 2.13 and 2.06 respectively. The means of two
hybrids Ace 55 VF x S. pimpinellifolium MLP 23102 and
Ace 55 VF x §. cheesmaniae LA 524 were close to that of the
smaller parent. F, plants were widely distributed between
their parents with a low tendency towards the high parent in
the hybrids Ace 55 VF x S. pimpinellifolium MLP 23102 and
Ace 55 VF x . cheesmaniae LA 524. The mean of BC to cv.
Ace 55 VF of the cross Ace 55 VF x S. pimpinellifolium
MLP 23102 showed high tendency towards the higher parent,
but it was very close the mid-parent value in the cross Ace 55
VF x S. cheesmaniae LA 524. Plants of the backcross to the
wild parents were very close to them it in the crosses Ace 55
VF x S. pimpinellifolium MLP 23102 and Ace 55 VF x §.
cheesmaniae LA 524.

Genetic parameters obtained for NL in the crosses Ace
55 VF x S. pimpinellifolium MLP 23102 and Ace 55 VF x §.
cheesmaniae LA 524 are presented in Table 6. Low NL
showed complete dominance in the two studied crosses.
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These results agree with those of Pandiarana et al. (2015)
who reported that low NL exhibited complete dominance
over the high NL. In accordance, low NL showed partial
dominance (Pandiarana et al., 2015; Solieman et al., 2013) or
over dominance (Pandiarana et al., 2015; Sherpa et al.,
2014). On the contrary, high NL was partially dominant
(Pandiarana et al., 2015; Solieman et al., 2013), completely
dominant (Pandiarana et al., 2015; Sherpa et al., 2014) or
showed over dominance (Pandiarana et al., 2015; Solieman
etal.,2013).

The minimum number of genes controlling the NL trait
in the 2 studied crosses was one pair.

Estimates of BSH for the 2 studied crosses were high
and ranged from 80.8% to 88.6%. These results agree with
those of Shankar et al. (2013), Ligade er al. (2017),
Panchbhaiya et al. (2018) and Khuntia et al. (2019) who
reported that BSH for NL was high. On the contrary, BSH
estimates for NL were moderate (Khapte and Jansirani.,
2014; Kumar et al., 2018; Meena et al., 2018), or low
(Aralikatti et al., 2018).

(d) Ascorbic acid content

Data obtained on AA content of parental, F,, F,, and
backcross populations of the crosses between tomato
accession Ace 55 VF, as a female parent, and S.
pimpinellifolium MLP 23102 and S. cheesmaniae LA 524, as
male parents, are presented in Table 7. Significant differences
were observed between parents of each cross. The cultivar
Ace 55 VF (the female parent of the 2 crosses), produced the
least significant AA content (14.48 mg/100 g fresh fruit
weight) compared with the male parents, that produced AA
content of 31.21, and 31.29 mg/100g, respectively. In each
cross, F; mean was intermediate between its two parents with
a high tendency towards the mid-parent in the cross Ace 55
VF x S. pimpinellifolium MLP 23102 and high tendency
towards the high parent in the cross Ace 55 VF x S.
cheesmaniae LA 524. In each cross, F, plants were widely
distributed between their parents with a low tendency
towards the low parent in the crosses Ace 55 VF x S.
pimpinellifolium MLP 23102 and Ace 55 VF x S
cheesmaniae LA 524. The mean of BC to cv. Ace 55 VF in
each cross was very close to this backcross parent. Plants of
the backcrosses to the wild parents surpassed them in their
AA content.

Genetic parameters obtained for AA content in the
crosses Ace 55 VF x S. pimpinellifolium MLP 23102 and
Ace 55 VF x S. cheesmaniae LA 524 are presented in Table
8. Ascorbic acid content showed no dominance in the cross
Ace 55 VF x S. pimpinellifolium MLP 23102 and exhibited
complete dominance of the high parent in the cross Ace 55
VF x S. cheesmaniae LA 524. These results agree with those
of Hatem (1994) and Pujer (2017) who reported no
dominance for AA content. On the contrary, AA content
showed partial dominance of the high parent (Aggour, 1999;
Pandiarana et al., 2015; Pujer, 2017; Sherpa et al., 2014 and
Solieman et al., 2013), partial dominance of the low parent
(Abdel-Ati 1985; Khalil et al., 1988; Pandiarana et al., 2015;
Pujer 2017; Sherpa et al., 2014 and Solieman et al., 2013),
complete dominance of the low parent (Pujer, 2017), over
dominance of the low parent (Pandiarana et al., 2015; Pujer,
2017; Sherpa et al., 2014), or over dominance of the high
parent (Pandiarana et al., 2015; Pujer, 2017; Sherpa et al.,
2014; Solieman et al., 2013)
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The minimum number of genes controlling the AA trait
in the 2 studied crosses was one pair. These results agree with
those of Khalil (1979) who reported one pair of genes
controlled AA content. On the contrary, AA content was
controlled by 2 genes or 5 genes as estimated by Aggour
(1999) and Hassan et al. (2000), respectively.

Estimates of BSH for the 2 studied crosses were high
and ranged from 93.4% to 97.9%. These results agree with
those of Hedau et al. (2008), Kumar et al. (2013), Ligade et
al. (2017), Das et al. (2018) and Gillani et al. (2019) who
reported that BSH for AA content were high. On the
contrary, BSH estimates for AA content were moderate
(Panchbhaiya et al., 2018 and Prashanth et al., 2007), or low
(Meena et al., 2018).

(e) Total soluble solids

Data obtained on TSS content of parental, F,, F,, and
backcross populations of the crosses Ace 55 VF x S.
pimpinellifolium MLP 23102, Ace 55 VF x S. cheesmaniae
LA 524 and S. lycopersicum var. cerasiforme P1 647522 x .
cheesmaniae LA 524 are presented in Table 9. Significant
differences were observed between parents of each cross.
The cultivar Ace 55 VF (the female parent of the 2 crosses),
produced the least significant TSS content (5.5%) compared
with the male parents whose TSS content valued 8.9% and
9.3%, respectively. In the first two crosses, F; mean was
intermediate between its two parents with a tendency towards
the low parent in the cross Ace 55 VF x S. pimpinellifolium
MLP 23102, but it tended more towards the high parent in
the crosses Ace 55 VF x S. cheesmaniae LA 524 and S.
lycopersicum var. cerasiforme Pl 647522 X S. cheesmaniae
LA 524. In each cross, F, plants were widely distributed
between their parents with a high tendency towards the high
parent in the three crosses. Means of BCs to cv. Ace 55 VF
in the crosses Ace 55 VF x S. pimpinellifolium MLP 23102
and Ace 55 VF x §. cheesmaniae LA 524 were close to the
backcross parent. BC to a given parent were very close to this
In the cross S. lycopersicum var. cerasiforme P1 647522 x §.
cheesmaniae LA 524, plants of the backcross to S.
cheesmaniae LA 524 surpassed this parent in TSS content.

Genetic parameters obtained for TSS content in the
crosses Ace 55 VF x S. pimpinellifolium MLP 23102, Ace 55
VF x S. cheesmaniae LA 524 and S. lycopersicum var.
cerasiforme Pl 647522 x S. cheesmaniae LA 524 are
presented in Table 10. Low TSS content was partially
dominant over the high one in the cross Ace 55 VF x S.
pimpinellifolium MLP 23102 and high TSS content was
partially dominant in the cross Ace 55 VF x S. cheesmaniae
LA 524, and completely dominant in the cross S.
lycopersicum var. cerasiforme Pl 647522 X S. cheesmaniae
LA 524. These results agree with results of previous studies
that reported partial dominance of the low TSS content
(Pujer, 2017, Sherpa et al., 2014; Solieman et al., 2013);
partial dominance of the high TSS content (Monma and
Kamimura, 1982, Pandiarana et al., 2015; Pujer, 2017;
Solieman et al., 2013), and complete dominance of the high
TSS content (Pujer, 2017).

The minimum number of genes controlling TSS content
in the 3 studied crosses was one pair. These results agree
with those reported by Abdel-Ati, (1992) who estimated that
one pair of genes governed this trait. Other reported estimates
were 2 pairs of genes (Abdel-Ati, 1985) or 3 pairs of genes

(Hassan et al., 2000; Ibarbia and Lambeth, 1969a and Khalil
etal., 1979).

Estimates of BSH for the 3 studied crosses were high
and ranged from 76.8 % to 81.5%. These results agree with
those of Prashanth et al. (2007), Hedau et al. (2008), Kumar
et al. (2013), Shankar et al. (2013), Khapte and Jansirani.
(2014), Hasan et al. (2016), Ligade et al. (2017), Meena et
al. (2017), Aralikatti et al. (2018) Das er al (2018),
Panchbhaiya et al. (2018) and Khuntia et al. (2019) who
reported that BSH for TSS were high. On the contrary, BSH
for TSS was moderate as reported by Kumar et al. (2018).

(f) Titratable acidity

Data obtained on fruit TA of parental, F,, F,, and
backcross populations of the crosses between tomato
accession Ace 55 VF, as a female parent, and S.
pimpinellifolium MLP 23102 and S. cheesmaniae LA 524, as
male parents, are presented in Table 11. Significant
differences were observed between parents of each cross.
The cultivar Ace 55 VF (the female parent of the 2 crosses)
produced the least significant value of TA (0.60 mg citric
acid/100 g fresh fruit weight) compared with the male
parents, that produced TA of 1.16 and 0.99, respectively. In
each cross, F; mean was intermediate between its two parents
with a low tendency towards the low parent. In each cross, F,
plants were widely distributed between their parents with a
high tendency towards the high parent in the crosses Ace 55
VF x S. pimpinellifolium MLP 23102 and Ace 55 VF x S.
cheesmaniae LA 524. The mean of BC to cv. Ace 55 VF in
the cross Ace 55 VF x S. pimpinellifolium MLP 23102
showed slight tendency towards the lower parent. Plants of
the backcrosses to the wild parents surpassed these parents in
the crosses Ace 55 VF xS. pimpinellifolium MLP 23102 and
Ace 55 VF x S. cheesmaniae LA 524.

Genetic parameters obtained for fruit TA in the crosses
Ace 55 VF x S. pimpinellifolium MLP 23102 and Ace 55 VF
X S. cheesmaniae LA 524 are presented in Tables 12.
Titratable acidity content showed complete dominance of the
low parent in the crosses Ace 55 VF x S. pimpinellifolium
MLP 23102 and Ace 55 VF x S. cheesmaniae LA 524. These
results agree with those reported as complete dominance of
the low TA (Pandiarana et al., 2015, Sherpa et al., 2014). On
the contrary, other studies reported complete dominance of
the high parent (Sherpa et al., 2014) and over dominance of
the high parent (Pandiarana et al., 2015; Sherpa et al., 2014),
no dominance (Pandiarana et al., 2015), partial dominance of
low TA (Pandiarana et al., 2015), and over dominance of the
low parent (Pandiarana et al., 2015).

The minimum number of genes controlling TA trait in
the 2 studied crosses was one pair.

Estimates of BSH for the 2 studied crosses were high
and ranged from 85.5 % to 86.7%. These results agree with
those of Shankar et al. (2013), Das et al. (2018) and
Panchbhaiya et al. (2018) who reported that BSH for TA was
high. On the contrary, BSH for TA was low as estimated by
Prashanth et al. (2007) and Hedau et al. (2008).

(g) Lycopene content

Data obtained on LC of parental, F,, F,, and backcross
populations of the crosses Ace 55 VF x S. cheesmaniae LA
524, and Ace 55 VF xS. lycopersicum (Jubilee) are presented
in Tables 13. Significant differences were observed between
parents of each cross. In each cross, F; mean surpassed its
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high parent in the crosses Ace 55 VF x S. cheesmaniae LA
524 and Ace 55 VF x S. Iycopersicum (Jubilee). In each
cross, F, plants were widely distributed between their parents
and surpassed them in their LC. The mean of BCP, and BCP,
of the crosses Ace 55 VF X S. cheesmaniae LA 524 was high
and surpassed the two parents of each cross.

Genetic parameters obtained for LC content in the
crosses Ace 55 VF x S. cheesmaniae LA 524 and Ace 55 VF
xS. lycopersicum (Jubilee), are presented in Tables 14. High
LC content was over dominant in the crosses Ace 55 VF x S.
cheesmaniae LA 524, Ace 55 VF xS§. lycopersicum (Jubilee),
These results agree with those of Sherpa et al. (2014) and
Pandiarana et al. (2015) who reported that high LC was
found to be partially dominant or over dominant. On the
contrary, in other studies low LC showed partial dominance
(Sherpa et al., 2014), over dominance (Pandiarana et al.,
2015; Sherpa et al., 2014) or no dominance (Sherpa et al.,
2014).

The minimum number of genes controlling the LC trait
in the 2 studied crosses was one pair.

Estimates of BSH for the 2 studied crosses were high
and ranged from 94.7% to 98.7%. These results agree with
those of Prashanth et al. (2007), Hedau et al. (2008), Kumar
et al. (2013), Shankar et al. (2013), Ligade et al. (2017), Das
et al. (2018), Panchbhaiya et al. (2018) and Gillani et al.
(2019) who reported that BSH for LC were high.

(h) p-carotene content

Data obtained on B-carotene content of parental, F;, F,,
and backcross populations of the crosses Ace 55 VF x §.
cheesmaniae LA 524, Ace 55 VF xS§. lycopersicum (Jubilee),
S. lycopersicum var. cerasiforme Pl 647522 x §.
cheesmaniae LA 524, S. pimpinellifolium MLP 23102 x S.
cheesmaniae LA 524 and its reciprocal cross are presented in
Table 15. Significant differences were observed between
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parents of each cross. In each cross, F; mean showed slight
tendency towards the lower parent. And F, plants were
widely distributed between their parents with slight tendency
towards the high parent in the cross Ace 55 VF x S.
cheesmaniae LA 524 and S. cheesmaniae LA 524 x S.
pimpinellifolium MLP 23102, slight tendency towards the
low parent in the cross S. lycopersicum var. cerasiforme Pl
647522 x S. cheesmaniae LA 524 and surpassed the two
parents in the crosses Ace 55 VF XS. lycopersicum (Jubilee)
and S. pimpinellifolium MLP 23102 x S. cheesmaniae LA
524. In the crosses Ace 55 VF x S. cheesmaniae LA 524, S.
lycopersicum var. cerasiforme Pl 647522 x S. cheesmaniae
LA 524, BCP, means tended more towards the low parent.
Also, plants of the backcrosses to the wild parent S.
cheesmaniae LA 524 showed slight tendency towards it in
the cross S. lycopersicum var. cerasiforme Pl 647522 x S.
cheesmaniae LA 524, but surpassed it in the cross Ace 55 VF
x S. cheesmaniae LA 524.

Genetic parameters obtained for fruit B-carotene content
in the studied crosses are presented in Table 16. Low pB-
carotene content was partially dominant in crosses Ace 55
VF x S. cheesmaniae LA 524, S. lycopersicum var.
cerasiforme Pl 647522 x S. cheesmaniae LA 524, S.
pimpinellifolium MLP 23102 x S. cheesmaniae LA 524 and
S. cheesmaniae LA 524 x S. pimpinellifolium MLP 23102
and over dominant in the cross Ace 55 VF xS. lycopersicum
(Jubilee).

The minimum number of genes controlling B-carotene
content in the 5 studied crosses was one pair.

Estimates of BSH for the 5 studied crosses were high
and ranged from 86.3% to 98.2%. These results agree with
those of Ligade et al. (2017), Panchbhaiya et al. (2018), Das
et al.(2018) and Gillani et al. (2019) who reported that BSH
estimates for B-carotene content were high.

Table 1 : Mean performance, variance and coefficient of variation for average fruit weigh(g) in two tomato crosses.

S.chees. LA 524 x Ace 55 VF S.pimp. MLP 23102 x Ace S5 VF
cv v Mean Total no. cv v Mean Total no. Population
of plants of plants
3.10 14.93 124.25 15 3.10 14.93 124.25 15 P,
9.49 0.008 0.97 15 11.72 0.02 1.11 15 P,
16.91 0.43 3.87 15 11.45 1.20 9.57 15 F,
65.25 21.67 7.13 89 74.46 25.15 6.73 85 F,
17.04 13.74 21.75 39 14.61 11.79 23.48 35 BCP,
24.96 0.25 2.02 21 23.29 0.21 1.98 17 BCP,
V= Variance, CV= Coefficient of variation
Table 2 : Quantitative genetic parameters obtained for average fruit weigh in two tomato crosses.
BSH No. of genes Potence ratio Cross
78.60 79.16 -0.86 S. pimp. MLP 23102 x Ace 55 VF
76.37 89.66 -0.95 S. chees. LA 524 x Ace 55 VF
Table 3 : Mean performance, variance and coefficient of variation for flesh thickness in two tomato crosses.
S. chees. LA 524 x Ace 55 VF S. pimp. MLP 23102 x Ace 55 VF
cv v Mean Total no. cv v Mean Total no. Population
of plants of plants
9.39 0.25 540 15 9.39 0.25 540 15 P,
13.35 0.06 1.93 15 18.84 0.12 1.86 15 P,
16.49 0.12 2.13 15 18.81 0.17 2.20 15 F,
26.58 0.52 2.71 89 37.78 1.75 2.31 85 F,
10.49 0.10 3.05 39 21.69 0.52 3.34 35 BCP,
14.35 0.09 2.09 21 18.05 0.15 2.17 17 BCP,

V= Variance, CV= Coefficient of variation
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Table 4 : Quantitative genetic parameters obtained for flesh thickness in two tomato crosses.

BSH No. of genes Potence ratio Cross
88 0.99 -0.81 S. pimp. MLP 23102 x Ace 55 VF
71.34 3.77 -0.88 S. chees. LA 524 x Ace 55 VF

Table 5 : Mean performance, variance and coefficient of variation for number of locules in two tomato crosses.

S. chees. LA 524 x Ace 55 VF S. pimp. MLP 23102 x Ace 55 VF
cv v Mean Total no. cv v Mean Total no. | Population
of plants of plants
14.89 0.26 3.46 15 14.89 0.26 3.46 15 P,
12.49 0.06 2.06 15 16.49 0.12 2.13 15 P,
16.49 0.12 2.13 15 18.81 0.17 2.2 15 F,
36.25 1.33 3.19 89 43.29 1.55 2.88 85 F,
25.25 0.47 2.71 39 20.45 0.47 3.37 35 BCP,
20.70 0.23 2.33 21 20.47 0.22 2.29 17 BCP,
V= Variance, CV= Coefficient of variation
Table 6 : Quantitative genetic parameters obtained for number of locules in two tomato crosses.
BSH No. of genes Potence ratio Cross
80.76 0.16 -0.90 S. pimp. MLP 23102 x Ace 55 VF
88.65 0.20 -0.89 S. chees. LA 524 x Ace 55 VF

Table 7 : Mean performance, variance and coefficient of variation for vitamin C content (mg /100 g fresh fruit weight) in two
tomato crosses.

S. chees. LA 524 x Ace 55 VF S. pimp. MLP 23102 x Ace 55 VF
cv v Mean Total no. cv v Mean Total no. | Population
of plants of plants
12.01 3.02 14.48 15 12.01 3.02 14.48 15 P,
8.27 6.71 31.29 15 3.75 1.37 31.21 15 P,
7.38 4.97 30.19 15 3.47 0.63 22.92 15 F,
38.30 74.26 22.49 89 40.55 82.69 22.42 85 F,
27.37 17.51 15.28 39 22.52 13.12 16.08 35 BCP,
13.30 21.80 35.1 21 18.08 32.84 31.69 17 BCP,
V= Variance, CV= Coefficient of variation
Table 8 : Quantitative genetic parameters obtained for vitamin C content in two tomato crosses.
BSH No. of genes Potence ratio Cross
97.97 0.43 0.01 S. pimp. MLP 23102 x Ace 55 VF
93.39 0.51 0.86 S. chees. LA 524 x Ace 55 VF

Table 9 : Mean performance, variance and coefficient of variation for total soluble solids in three tomato crosses.

S.lyc. var. ceras. P1 647522 x S. S. chees. LA 524 % Ace 55 VF S. pimp. MLP 23102 x Ace 55
chees. LA 524 VF Population
cv V | Mean Total no. cv vV | Mean Total no. cv Vv | Mean Total no.
of plants of plants of plants
522 1012 | 6.73 15 1043 | 0.33 | 5.55 15 10.43 1 0.33 | 5.55 15 P,
9.82 | 0.84 | 9.37 15 9.82 | 0.84 | 9.37 15 8.17 | 0.53 | 8.90 15 P,
6.98 | 043 | 9.40 15 10.03 | 0.79 | 8.60 15 9.95 | 047 | 6.90 15 F,
17.54 | 2.01 | 8.09 90 23.14 | 3.46 | 8.03 89 2091 | 241 | 743 85 F,
8.81 | 040 | 7.20 35 16.17 | 0.95 | 6.03 39 12.56 | 0.50 | 5.62 35 BCP,
10.87 | 1.06 | 9.50 17 9.20 | 1.07 | 11.27 21 11.03 | 1.12 | 9.59 17 BCP,
V= Variance, CV= Coefficient of variation
Table 10 : Quantitative genetic parameters obtained for total soluble solids in three tomato crosses.
BSH No. of genes Potence ratio Cross
81.55 0.72 -0.20 S. pimp. MLP 23102 x Ace 55 VF
81.41 0.67 0.59 S. chees. LA 524 x Ace 55 VF
76.80 0.55 1.02 S.lyc. var. ceras. P1 647522 x S. chees. LA 524
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Table 11 : Mean performance, variance and coefficient of variation for titratable acidity (mg citric acid /100g fresh fruit
weight) in three tomato crosses.

S. chees. LA 524 x Ace 55 VF S. pimp. MLP 23102 x Ace 55 VF Population
Cv \ Mean Total no. of plants Cv \ Mean Total no. of plants
16.81 0.01 0.60 15 16.81 0.01 0.60 15 Pl
9.85 0.009 0.99 15 8.05 0.008 1.16 15 P2
19.97 0.01 0.64 15 23.84 0.02 0.64 15 F1
33.39 0.08 0.87 89 31.39 0.10 1.05 85 F2
26.68 0.02 0.57 39 19.82 0.02 0.72 35 BCP1
14.58 0.02 1.05 21 14.96 0.04 1.35 17 BCP2

V= Variance, CV= Coefficient of variation

Table 12 : Quantitative genetic parameters obtained for titratable acidity (mg citric acid /100g fresh fruit weight) in two

tomato crosses.

BSH No. of genes Potence ratio Cross
86.77 0.46 -0.86 S. pimp. MLP 23102 x Ace 55 VF
85.53 0.26 -0.79 S. chees. LA 524 x Ace 55 VF

Table 13 : Mean performance, variance and coefficient of variation for lycopene content (mg /100g fresh fruit weight) in three

tomato crosses.

Ace 55 VF xJubilee S. chees. LA 524 x Ace 55 VF
cv v Mean | Total no. of cv v Mean | Total no. of Population
plants plants

17.73 0.013 0.65 15 17.73 0.01 0.65 15 P,

23.57 0.0002 0.071 15 8.42 0.009 1.15 15 P,

16.53 0.02 0.99 15 6.54 0.008 1.44 15 F,

56.32 0.25 0.89 59 65.18 0.82 1.39 89 F,
39.84 0.19 1.12 39 BCP,
34.28 0.43 1.91 21 BCP,

V= Variance, CV= Coefficient of variation

Table 14 : Quantitative genetic parameters obtained for lycopene content in three tomato crosses.

BSH No. of genes Potence ratio Cross
98.71 0.038 2.18 S. chees. LA 524 x Ace 55 VF
94.71 0.18 2.15 Ace 55 VF xJubilee

Table 15 : Mean performance, variance and coefficient of variation for B-carotene content (mg /100g fresh fruit weight) in

five tomato crosses.

S. lyc. var. ceras. PI 647522 xS. Ace 55 VF Jubilee S. chees. LA 524 x Ace 55 VF
chess. LA 524
Total Total Total | Population
CvV \'% Mean | no. of Cv \% Mean | no. of CvV \% Mean | no. of
plants plants plants
28.04 | 0.0026 | 0.18 15 48.34 | 0.006 0.16 15 48.34 1 0.006 | 0.16 15 P,
11.23 | 0.01 0.92 15 19.01 0.01 0.63 15 11.23 | 0.01 | 0.92 15 P,
27.78 | 0.02 0.52 15 33.29 | 0.00041 | 0.061 15 19.90 | 0.009 | 0.49 15 F,
77.19 | 0.17 0.53 90 74.66 | 0.28 0.720 59 103.56 | 0.40 | 0.61 89 F,
56.08 | 0.05 0.43 35 52.03 | 0.01 | 0.26 39 BCP,
42.51 | 0.07 0.66 17 21.83 | 0.18 | 1.98 21 BCP,
continued
Table 15. continued.
S. pimp. MLP 23102 xXLLA 524. S. chees LA 524 S. chees. xMLP 23102 S. pimp.
cv v Mean Total no. cv v Mean Total no. of | Population
of plants plants

11.23 0.01 0.92 15 29.82 0.01 0.38 15 P,

29.82 0.01 0.38 15 11.23 0.01 0.92 15 P,

24.31 0.013 0.48 15 16.94 0.006 0.47 15 F,

35.02 0.09 0.86 37 67.74 0.56 1.11 90 F,

V= Variance, CV= Coefficient of variation
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Table 16 : Quantitative genetic parameters obtained for B -carotene content in five tomato crosses.
BSH No. of genes Potence ratio Cross
97.79 0.18 -0.11 S. chees. LA 524 x Ace 55 VF
97.53 0.098 -1.43 Ace 55 VF xJubilee
93.33 0.45 -0.087 S. lyc. var. ceras. P1 647522 xS. chess. LA 524
98.22 0.064 -0.65 LA 524 S. chees. xMLP 23102 S. pimp.
86.26 0.47 -0.63 S. pimp. MLP 23102 xLLA 524. S. chees

References fruit quality characters II. Chemical characters. Egypt.

Abdel-Ati, K.E.A. (1985). Genetic Studies on some Tomato
Fruit Quality Characters. M. Sc. Thesis, Fac. Agric.,
Cairo Univ., 54 p.

Abdel-Ati, K.E.A.; Hassan, A.A; Moustafa, S.E.S. and
Mohammed, A.A. (2000). Genetics of some tomato
fruit quality characters .I. Physical characters. Egypt. J.
Hort., 27(2): 249 — 264.

Abdel-Ati, K.E.A. (1992). Inheritance of Some Economic
Characters in tomato, Lycopersicon esculentum Mill.
Ph. D. Thesis, Fac. Agric., Cairo Univ., 345 p.

Aggour, A.R. (1999). Inheritance of some fruit quality
characteristics in tomato. Ann. Agric. Sci., Moshtohor,
37(1): 555-573.

Allard, R.W. (1960). Principles of Plant Breeding. John
Wiley and Sons, Inc., 473 p.

AOAC. (1990). Association of Official Agricultural
Chemists. Official Methods of Analysis. 15th ed,
Washington. D.C., USA., 1298 p.

Aralikatti, O.; Kanwar, H. S.; Chatterjee, S.; Patil, S. and
Khanna, A. (2018). Genetic variability, heritability and
genetic gain for yield and quality traits in tomato
(Solanum lycopersicum L.). International Journal of
Chemical Studies, 6(5): 3095-3098.

Bai, Y. and Lindhout, P. (2007). Domestication and breeding
of tomatoes: what have we gained and what can we gain
in the future? Ann. Bot., 100: 1085-1094.

Castle, W.E. and Wright, S. (1921). An improved method of
estimating the number of genetic factors concerned in
cases of blending inheritance. Science, 54: 223.

Das, B.; Murmu, D. K.; Ghimiray, T. S.; Karforma, J.;
Kundu, S. and Yonzone, R. (2018). Estimation of
genetic variability and character association of fruit
yield and quality traits in tomato. Int. J. Pure App.
Biosci., 6(1): 1587-1595.

Fernie, A.R; Tadmor, Y. and Zamir, D. (2006). Natural
genetic variation for improving crop quality. Current
Opinion in Plant Biology, 9: 196-202.

Ghosh, K.P.; Islam, A.K.M.A; Mian, M.A K. and Hossain,
M.M. (2010). Variability and character association in F,
segregating population of different commercial hybrids
of tomato (Solanum lycopersicum L.).J. Appl. Sci.
Envi. Manag., 14(2): 91-95

Gillani, SM.W.; Saleem, M.Y. and Hameed, A. (2019).
Relationship of path coefficient analysis and different
genetic components in diverse tomato (Solanum
Iycopersicum L.) germplasm. Pak. J. Bot., 51(4): 1341-
1347.

Hasan, M.M.; Al-Bari, M.A. and Hossain, M.A. (2016).
Genetic variability and traits association analysis of
tomato (Lycopersicon esculentum L.) genotypes for
yield and quality attributes. Univ. J. plant Sci., 4(3): 23-
34,

Hassan, A.A.; Abdel-Ati, K.E.A.; Moustafa, S.E.S. and
Mohammed, A.A. (2000). Genetics of some tomato

J. Hort., 27 (2): 265 — 274.

Hatem, M.K. (1994). Heterosis and Nature of Gene Action in
Tomato. M.Sc. Thesis, Fac. Agric., Minufiya Univ.,
Egypt, 120 p.

Hazra, P.; Das, R.K.; Pandit, M.K. and Sahu, P.K. (2001).
Genetical studies on flower and fruit characters in an
interspecific cross of tomato. Indian J. Genet. Plant
Breed., 61(2): 143 — 146.

Hedau, N.K.; Saha, S.; Singh, G.; Gahlain, A.; Mahajan, V.
and Gupta, H.S. (2008). Genetic variability, heritability
and correlation study for nutritional quality traits in
tomato. J. Plant Genet. Resour, 21(3): 174-178.

Ibarbia, E.A. and Lambeth, V.N. (1969a). Inheritance of
soluble solids in a large/small-fruited tomato cross. J.
Amer. Soc. Hort. Sci., 94: 496 — 498.

Ibarbia, E.A. and Lambeth, V.N. (1969b). Inheritance of
tomato fruit weight. J. Amer. Soc. Hort. Sci., 94: 498 —
500.

Khalaf-Allah, A.M. (1970). Studies of general and specific
combining ability of quantitative characters in tomato.
Alex. J. Agric. Res., 18: 207 — 212.

Khalil, R.M.; El-Gazar, T.M. and El-Sayed, M.M. (1983).
Genetics and heritability of number of fruits per plant
and fruit weight in tomato, Lycopersicon esculentum
Mill. Menufiya J. Agric. Res., 7: 301 — 317.

Khalil, R.M.; Midan, A.A. and Hatem, A.K. (1998). Studies
on heterosis of earliness and yield components in
intervarietal  crosses of tomato, Lycopersicon
esculentum Mill. Zagazig J. Agric. Res., 15: 184 — 208.

Khalil, R.M. (1979). Inheritance of Some Economic
Characters in Tomato Interspecific and Intervarietal
Crosses. Ph. D. Thesis, Univ. Hort., Budapest, Hungary,
152 p.

Khapte, P.S. and Jansirani, P. (2014). Genetic variability and
performance studies of tomato (Solanum lycopersicum
L.) genotypes for fruit quality and yield. Trends in
Biosciences., 7(12): 1246-1248.

Khuntia, S.; Premalakshmi, V. and Vethamoni, P. 1. (2019).
Studies on genetic variability, heritability and genetic
advance for yield and quality traits in tomato (Solanum
lycopersicum L.) under poly house. The Pharma
Innovation Journal, 8(4): 525-526.

Kumar, P.; Ram, C.N.; Sriom; Jain, A.; Shukla, R. and
Bhargav, K.K. (2018). Genetic variability, heritability
and genetic advance for yield and its contributing traits
in tomato (Solanum Lycopersicon Mill.). Journal of
Pharmacognosy and Phytochemistry, 7(2): 2097-2101.

Kumar, V.; Nandan, R.; Srivastava, K.; Sharma, S.K.;
Kumar, R. and Kumar, A. (2013). Genetic parameters
and correlation study for yield and quality traits in
tomato (Solanum lycopersicum L.). plant Arch., 13(1):
463-467.

Ligade, P.P.; Bahadur,V. and Gudadinni, P. (2017). Study on
genetic variability, heritability, genetic advance in



Hassan A.A. et al.

tomato (Solanum lycopersicum L.).Int. J. Curr.
Microbiol. App. Sci., 6(11): 1775-1783.

Manish, K.; Yadav, R.K.; Behera, T.K. and Akshay, T.
(2017). Estimates of genetic variability, heritability and
genetic advance for yield and yield component traits in
thermo tolerant tomato (Solanum lycopersicum L.)
genotypes. Inter. J. Agr. Sci., 9(2): 3640-3642

Masayasu, N. and Ichiji, Y. (1992). Simple method for
simultaneous determination of chlorophyll and
carotenoids in tomato fruit. J. Japan. Soc. Food Sci.
Technol., 39(10): 925-928.

Meena, R.K.; Kumar, S.; Meena, M.L. and Verma, S. (2018).
Genetic variability, heritability and genetic advance for
yield and quality attributes in tomato (Solanum
Iycopersicum L.). Journal of Pharmacognosy and
Phytochemistry, 7(1): 1937-1939.

Mohamed, S.M.; Ali, E.E. and Mohamed, T.Y. (2012). Study
of heritability and genetic variability among different
plant and fruit characters of tomato (Solanum
Iycopersicum L.). International Journal of Scientific &
Technology Research, 1(2): 55-58.

Monma, S. and Kamiimira, S. (1982). Inheritance of sugars
content and acidity in tomatoes for processing-
relationship between sugar content and growth habit.
Bulletin of the Vegetable and Ornamental Crops
Research. Station, B. 4:15-26. (Cited from: Plant
Breed.Abst.53 : 2621, 1983).

Omara, M.K.; Younis, S.E.A.; Sherif, T.H.L.; Hussein, M.Y.
and El-Aref, H.M. (1988). A genetic analysis of yield
components in the tomato (Lycopersicon esculentum
Mill.). Assiut J. Agric. Sci., 19(1): 227-238.

Panchbhaiya, A.; Singh, D.K.; Verma, P. and Mallesh, S.
(2018). Assessment of genetic variability in tomato
(Solanum lycopersicum L.) under polyhouse condition
for fruit quality and biochemical traits. International
Journal of Chemical Studies, 6(6): 245-248.

Pandiarana, N.; Chattopadhyay, A.; Seth, T.; Shende, V.D.;
Dutta, S. and Hazra, P. (2015). Heterobeltiosis, potence
ratio and genetic control of processing quality and
disease severity traits in tomato. N.Z. J. Crop Hort.
Sci., 43(4): 282-293.

Prajapati, S.; Tiwari, A.; Kadwey, S. and Jamkar, T. (2015).
Genetic variability, heritability and genetic advance in
tomato (Solanum lycopersicon Mill.). International J.
Agr. Envir and Biotechnol., 8(2): 245-251.

1065

Prashanth, S.J.; Ravindra, M.; Madalagerl, M.B.; Mukeshl,
C. and Gasti, V. (2007). Studies on genetic variability
for quality characters in tomato (Lycopersicon
esculentum Mil 1.), Asian Hort., 3(2):72-74.

Pujer, P. and Badiger, M. (2017). Heterosis and potence
ratios for growth, earliness, yield and quality traits in
cherry tomato (Solanum lycopersicum L. var.
cerasiforme Mill). International Journal of Chemical
Studies, 5(4): 1000-1006.

Rick, C.M. (1986). Germplasm resources in the wild tomato
species. Acta Hort., 190: 39-48.

Rodriguez, G.R.; Pratta, G.R.; Liberatti, D.R; Zorzoli, R. and
Picardi, L.A. (2010). Inheritance of shelf life and other
quality traits of tomato fruit estimated from F,’s, F,’s
and backcross generations derived from standard
cultivar, nor homozygote and wild cherry tomato.
Euphytica, 176(1): 137-147.

Shalaby, T.A. (2013). Mode of gene action, heterosis and
inbreeding depression for yield and its components in
tomato (Solanum lycopersicum L.). Sci. Hort., 164:540-
543.

Shankar, A.; Reddy, R.V.S.K.; Sujatha, M. and Pratap, M.
(2013). Genetic variability studies in F, generation of
tomato (Solanum lycopersicon L.). IOSR-J. Agric. Vet.
Sci., 4(5): 31-34.

Sherpa, P.; Seth, T.; Shende, V.D.; Pandiarana, N.;
Mukherjee, S. and Chattopadhyay, A. (2014). Heterosis,
dominance estimate and genetic control of yield and
post harvest quality traits of tomato.J. App. Nat.
Sci., 6(2): 625-632.

Smith, H.H. (1952) Fixing transgressive vigour in Nicotiana
rustica. Towa State College Press, Ames, lowa, 161 —
174.

Snedecor, G.W. and Cochran, W.G. (1989). Statistical
Methods. 8th ed., Iowa State Univ. Press, Ames, lowa,
USA., 503 p.

Solieman, T.H.I.; El-Gabry, M.A.H. and Abido, A.L. (2013).
Heterosis, potence ratio and correlation of some
important characters in tomato (Solanum lycopersicum
L.). Sci. Hort., 150: 25-30.

Vavilov, N.I. (1951). The origin variation immunity and
breeding of cultivated plant. Soil Science, pp: 482.
Zhou, Y.J. and Xu, H.J. (1990). A genetic analysis of several
of the main processing characteristics in

tomato. Hereditas (Beijing), 12(2), 1-3.



