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ABSTRACT

This investigation was conducted in the research facilities of the
Horticulture Research Institute during the period from 1997 to 2000 to study
the inheritance of some characters of importance to winter tomato production
under low tunnels, Based on former evaluation studics on these characters in 15
truc-breeding tomato cvs, five crosses were made for gemetic studies, viz.,
Supermarmande x Apex 1000 and Supermarmande » 506 Bush for studies on
fruit set (FS) percentage, Apex 1000 x Siletz and Mountain Gold VFF x Siletz
to study the inberitance of fruit firmness (FF), and Scotia (red fruits) x
Mountain Gold VFF (tangerine fruits) to study the inheritance of fruit p-
carotene and lycopenc contents. Parental, Fy, Fir, F; and backeress populations
of each cross were planted in a RCBD with 4 replicates in the 1999/2000
winter season for evaluation under low tunnels using drip irrigation system,
Percentage FS was found to be controlled by one and 4 pairs of genes in the
crosses Supermarmande X Apex 1000 and Supermarmande x 506 Bush,
respectively, with over dominance of high FS percentage in the first cross and
partial dominance of the low FS percentage in the second one. Mid and better
parent heterosis values were 39.1% and 13.4%, respectively, in the first cross,
while it had negative values in the second one. BSH estimates were 73.6% and
23.7% in the two crosses, respectively. Fruit firmness was found to be
controlled by 8 and 3 pairs of genes in the crosses Mountain Geld VFF x Siletz
and Apex 1000 x Silgtz, respectively, with partial dominance of the low FF
character. Mid and better parent heterosis values were negative in the two
crosses, BSH estimates were 74.9% and 85.6% in the two crosses, respectively,
Fruit f-carotene and lycopene contents were found to be controlled by 2 pairs
of genes for each pigment in the cross Scotia x Mountain Gold VFF with partial
dominance of low over high content of each. They had negative values for both
mid and better parent heterosis. Inberitance of fruit lycopene content was
affected maternally, BSH estimates were 78.5% and 82.7% for fruit B-carotene
and lycopene contents, respectively.

Key words: Lycopersicon esculentum, Fruit set, Fruit firmness, f-carotene and
lycopene.



INTRODUCTION

Fruit set (FS) percentage, fruit firmness (FF) and B-carotene and
lycopene contents of tomato fruits are important characters in tomato
production under polyethylene low tunnels. Knowledge about the inheritance
of such characters are important for tomato breeders in their programs for
producing new hybrids suitable for production under low tunnel conditions.

According to Kemp (1965), the ability for fruit set to occur in cv.
Earlinorth at 4.4 C was found to be recessive and simply inherited. Thrahim
{1984) found partial dominance of low percentage FS under cold stress;
broad sense heritability (BSH) was 34%, narrow sense heritability was 15%
and mid-parent heterosis was - 100%.

The soft fruit character was reported by Kanno and Kamimura (1981)
to be partially dominant. Khalil ez a/ (1988) found no dominance of FF in
some crosses, partial dominance towards the low or high parent in others and
dominance for softness in one cross. Also, Hatem (1994) observed no
dominance for FF in 10 hybrids and complete donunance for firm fruit in one
hybrid. Mohammed (1998) found partial dominance of the high firmness.
Abdel-Ati (1992) reported absence of dominance of FF in the cross Castlong
x K. Korai Konzerv, whereas firmness was dominant in the cross Castlong *
Housny, Also, Ramadan (1982) indicated that the low firmness (sofiness)
was dominant. Complete dominance for the soft fruit character was reported
by EL-Sayed ef al (1966).

Fruit firmness was found to be controlled by a single major gene
(EL-Sayed er al 1966). In another study, Ramadan (1982) suggested a 3
gene model to explain the inheritance of this trait. Three genes were also
found by Yoshikawa ef al (1982) to control F¥. Abdel-Ati (1992) found that
one pair of genes governed FF in the cross Castlong x K. Korai Konzerv
with absence of dominance. Fruit firmness was dominant over softness in the
cross Castlong x Housny. Two pairs of genes with cumulative effect were
evident as segregation in the F, was 9 firm : 6 intermediate: 1 soft. Also,
Rau er al (1994) and Mohammed (1998) reported that fruit fiirmness was
controlled by 14 pairs of genes.

Heritability of FF was estimated by Ramadan (1982) as 51%, whereas
Mochizuki et al (1986) mentioned that it was 74%. Markovic et af (1993)
found that heritability was 70.7% in the broad sense. Also, Mohammed
(1998) reported that estimates of BSH was low, being 22.55%.

Abani and Uzo {1985) estimated BSH for B-carotene content as
51.78%. Stommel and Haynes (1994) reported that segregation patterns for
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fruit pigmentation and percentage B-carotene in Fy, F» and BC populations of
a cross between an orange-fruited accession of Lycopersicon cheesmanii and
L. esculentum fitted expected models for a single dominant gene conditioning
a high percentage of P-carotene and resulting orange fruit pigmentation.
Variation in coloured carotenoid content indicated a parental influence on
total lycopene and B-carotene content and suggested independent genetic
control of these carotenoid levels.

Amaral et al (1997) found the B-carotene content of Santa Clara x
Floradade approached that of Floradade, whiist that of Angela 1.5100 x
Floradade exceeded that of Floradade (nearly 0.7 pg/100 g).

Aggour (1999) studied the inheritance of yellow versus red fruit color
in the tomato crosses CAL 951/88 x Yellow Pear, Yellow Pear x CAL
951/88 and Yellow Pear x Edkawi. Segregation in the F, populations fitted a
two gene pairs segregation ratio of 9 red : 3 orange : 4 yellow.

Rego et al (1999) reciprocally crossed a naturally occurring yellow
tomato fruit mutant cv. Santa Clara with the red wild type. Plants from F,
generation produced all fruits with a homogeneous deep red color when ripe.
F, plants showed a 3:1 red: yellow segregation of fruit color. Based on
reciprocal crosses, fruit color was unlikely to be determined by maternal
genes.

This research was conducted to study genetics of some characters of
importance to winter tomato production under low tunnels viz., fruit set, fruit
firmness and fruit f-carotene and lycopene contents.

MATERIALS AND METHODS

This study was conducted during the period from 1997 to 2000. Seeds
of different genetic populations were produced and transplants were raised in
the greenhouse facilities of Kaha Vegetable Research Farm (KVRF),
Kalubia, while genetic studies were conducted using a drip-irrigation system
under low tunnels during the winter season at Ali Mubarak Village Research
Farm (AMVRF), South El-Tahrir Horticulture Research Station (STHRS),
Behairah.

Based on an evaluation trial of 15 true-breeding tomato cvs. during the
1997/1998 planting, 6 cvs. were selected to serve as parents for 5 crosses to
study the genetics of 3 characters. Seeds of all possible crosses and their
reciprocals among the 15 evaluated cvs were produced during the 1997/1998
winter season. Seeds of the F, and backcross (BC) populations to both
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parents and additional F, seeds were produced during the 1998/1999 winter
season in KVYRF, Kalubia.

The 6 genetic populations of each cross, viz., parents, F;, Fir, BCs
and F, , were evaluated in a RCBD with 4 replicates. Each replicate
consisted of 15 plants of each of the non-segregating populations (viz.,
parents and F,’s), 40 plants of each BC and 50 plants of the F . The study
was conducted during the 1999/ 2000 winter season under low tunnels using
a drip-irrigation system. Seed sowing was on October 14 and transplanting
on November 21, 1999. Plant beds were 1 m wide and plants were spaced 50
cm apart.

Fruit set percentage was measured in the crosses Supermarmande x
Apex 1000 and Supermarmande * 506 Bush. Average monthly minimum and
maximum temperatures both under the low tunnels and in the open air are
presented in Table (1) . Fruit firmness was measured in red-ripe fruits of the
crosses Apex 1000 x Siletz and Mountain Gold VFF x Siletz. Fruit
lycopene and 8-carotene contents were measured in ripe fruits of the cross
Scotia x Mountain Gold VFF. Measurements of each character were made
on individual plants of each genetic population. Percentage of FS was based
on alt flowers produced per plant. Measurements of FF were made on 5 red-
ripe fruits of each plant using a needle type pocket penetrometer. Five
readings were taken for each fruit by pushing the penetrometer needle slowly
at S different sites ; one reading being near the shoulder, another one at the
blossom end and 3 readings at the equatorial plane, then the mean of the 5
readings was calculated. For the measurement of fruit lycopene and
p-carotene contents, 1 nipe fruit from each plant was taken and its content of
both lycopene and B-carotene was determined (AOAC 1990).

Table 1. Average minimum and maximum temperatures ( C) during the experimental
period of the genetic study both under low tunnels and in the open ajr.,

Low tunnels Open air"
Month Min Max Min Max
December 1999 7.9 28.8 8.9 18.3
January 2900 8.5 24.8 9.9 14.8
February 2000 9.5 31.1 9.0 19.2
March 2000 10.3 343 9.3 204

*Source : Central Laboratory of Climate, Ministry of Agriculture, Dokki, Giza,
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Maternal effect was estimated by measuring the significance of
difference between F, means and their reciprocals, using the t test. Potence
ratio, i.e., the relative potency of gene set (P), was used to determine the
direction of dominance according to the formula (Smth 1952):

F, - MP
P- where : Fy = first generation mean, P; =
15 (P - Py)

mean of the smaller parent, P, = mean of the larger parent and MP = mid
parent value = % ( P; + P;). The absence of dominance was assumed when
the difference between the parents was significant and ¥y - 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 potence ratio exceeded +
1.0.

Heterosts based on the mid and better parent was estimated
according to the following equation (Sinha and Khanna 1975):

F1—MP
Mid-parent heterosis - —wm—- — x100 where : MP: mean of
MP
the mid-parent and F, : mean of the first hybrid generation.
F - HP
High-parent heterosis - x 100 where HP : mean of
HP

the high or better-parent.

The minimum number of genes controlling the character in each
cross was calculated using Castle-Wright equation (Castle and Wright 1921)
as follow:

D2

Ne—— where : N = number of genes controlling
8 (Vi2-Vm)
the character in each cross, D = difference between parental means and Vs
and V5, = variances of the F; and F» populations, respectively.

Broad sense heritability was calculated using the equation (Allard
1960):

Vo

BSH - x 100  where : Vg = genetic variance which was

Vp
calculated by subtracting the environmental variance (Vg) from the
phenotypic variance (Vp) and Vg was measured as the geometric mean of
variances of the non-segregating populations, i.e., parents and F,s.
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RESULTS AND DISCUSSION

Fruit Set Percentage

Data obtained on FS percentage under low temperature of parental, Fy,
Fyr, F», and backcrosses populations of the crosses Supermarmande x Apex
1000 and Supermarmande x 506 Bush are presented in Table (2).

In the two crosses, parents were distinctively different in FS percentage
under low temperatures. In the first cross, F, and F> means were higher than
the higher parent, meanwhile, in the second cross, F, mean was very close to
the mid-parent, but F> mean was high and exceeded that of the higher parent.
F, plants were widely distributed between the two parents with a high
tendency towards the higher one. In the two crosses, plants of the backcross
to cv. Supermarmande were widely distributed with a high tendency towards
this parent. Plants of the backcross to cv. Apex 1000, in the first cross, were
very close to it, while plants of the backcross te cv. 506 Bush, in the second
cross, were widely distributed between the two parents. No significant
differences were observed between the F, and its reciprocal, in the two
crosses in FS percentage under low temperature indicating no maternal
effect.

Quantitative genetic parameters obtained for FS percentage under low
temperature in the two crosses are presented in Table (6). The high positive
P value (1.72) in the first cross indicated over dominance (heterosis) for FS
percentage under low temperature over high parent. Meanwhile, in the
second cross, P value was negative (- 0.08) indicating partial dominance of
the low over the high percentege of FS under low temperature. Results
obtained on potence ratio in the second hybrid are in agreement with that of
Ibrahim (1984) as she found partial dominance of low FS percentage.
Meanwhile, Kemp (1965) reported complete dominance of low FS
percentage.

Mid and better parent heterosis values were 39.1% and 13.4%,
respectively, in the first cross, while it had negative values in the second one.
Results of the second hybrid are in accordance with that of Tbrahim (1984) as
she reported negative mid-parent heterosis for this character.

Percentage of FS under low temperature was found to be controlled
by one pair and 4 pairs of genes in the two crosses, respectively. The
estimated number in the first cross (one pair of genes) was similar to that
obtained by Kemp (1965).
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Table 2. Distribution, mean and variance of fruit set percentage of parental, Fy, F,r, F;, BCP; and BCP; populations of the crosses
Supermarmande x Apex 1000 and Supermarmande % 506 Bush,

Population Frequency of fruit set percentage in class ™ Total Ng, _ Mean  Varlance
24.7 3.8 40.9 49.0 571 65.2 733 81.4 89.5 of plants (x +5,) (s}
Supermarmande x_Apex 1000
Supermarmande (Py) 3 10 12 21 9 3 58 53.47+1.32 101.69
Apex 1000 (P,) 15 19 19 1 54 3370+ 0.93 46.22
F, 20 28 1 55 60.63+0.78 33.45
Fir 19 22 5 56 59.99 + 1.04 60.67
F, 15 5 6 26 48 53 29 4 3 189 58.04 + 1.04 204.31
BCP, 1 19 55 51 18 8 152 61.90 + 0.69 71.57
BCP, 22 30 36 41 22 151 41.49+0.84 107.69
Supermarmande * 506 Bush
Supermarmande (P} 3 10 12 21 9 3 58 53.47+1.32 101.69
506 Bush (Py) 1 19 23 12 55 39.57+0.86 40.‘14_
F, 3 14 19 14 56 45.96 +1.23 84.85
Fyr 1 19 25 3 57 43.74+0.94 50.36
F, 2 24 61 54 34 13 2 1%0 63.11+0.70¢ 92.47
BCP, 1 7 27 48 30 29 7 4 153 53.29+091 126.95
BCP, 6 9 21 44 44 26 5 158 51.82 + 0.89 121.50

® Each class represents a fruit set % range of 8.1 and class values indicated represent class centers.
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Estimates of BSH in the first cross was high, being 73.6%.
Conversely, BSH estimates in the second cross were low (23.7%) which
agree with that obtained by Ibrahim (1984).

Fruit Firmness

Data obtained on FF of parental, F,, Fir, F» and backcrosses
populations of the crosses Mountain Gold VFF x Siletz and Apex 1000 x
Siletz are presented in Table (3).

In the two crosses, parents were distinctively different in FF. F, mean
was close to that of the lower parent and mid-parent in the two crosses,
respectively. F, plants were widely distributed between the two parents with
a high tendency towards the low parent in the first cross and towards the
high parent in the second one. Plants of the backcrosses to cv. Mountain
Gold VFF in the first cross, and to cv. Apex 1000 in the second one were
widely distributed. In the second cross, plants of the backcross to cv. Siletz
were very close to it, A significant difference, in the first cross, was observed
between the F, and its reciprocal in FF indicating the presence of maternal
effect.

Quantitative genetic parameters obtained for FF in the two crosses are
presented in Table (6). In the two crosses, the negative P value indicated
partial dominance of the low FF character. These results are in agreement
with results of Kanno and Kamimura (1981) and Khalil ef a/ (1988) who
found partial dominance for soft fruit. Different cases of dominance for this
character were reported including complete dominance for firm fruit (Abdel-
Ati 1992; Hatem, 1994), partial dominance of the high fruit firmness (Khalil
et al 1988; Mohammed 1998), dominance of soft fruit (El-Sayed ez a/ 1966;
khalil et al 1988, Ramadan 1982) and absence of dominance (Abdel-Ati
1992, Hatem 1994, Khalil e7 al 1988).

In the two crosses, both mid and better parent heterosis had negative
values.

Minimum number of genes estimated to control FF character in the
cross Apex 1000 x Siletz was 3 pairs. These results coincided with that of
Ramadan (1982) and Yoshikawa ef af (1982) as they estimated 3 pairs of
genes to control this trait. Eight pairs of genes were estimated in the cross
Mountain Gold VFF x Siletz indicating that this trait was under polygenic
control. These results are agree partially with that of Rau et af (1994) and
Mohammed (1998) as they found that this character was under the control of
at least 14 pairs of genes.
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Table 3. Distribution, mean and variance of fruit firmness of parental, Fy, Fir, F2, BCP, and BCP; populations of the
crosses Mountain Gold VFF x Siletz and Apex 1000 x Siletz.

Frequency of fruit firmness in class @ Total No. Mean Variance

Population _
306 483 660 837 1014 1191 1368 1545 _ of plants (x+87) &Y
Mountain Gold VFF x Siletz
Mountain Gold YFF (Py) 2 20 38 60 129642 + 127 9713.37
Siletz (Py) 54 6 60 324.57+ 6.88 2854.17
F, 18 KE} 52 42222 + 11.72 7178.67
Fyr 52 7 59 328.2% + 7.53 3286.62
F, 32 83 47 17 179 53196+ 11.44 2343879
BCP, 6 39 41 338 18 4 146 879.78 + 17.21 43158.51
BCP, 22 46 39 28 6 1 142 601.71 + 16.74 39698.91
Apex 1000 x Siletz

Apex 1800 (Py) 3 18 29 10 60 1326.18+ 18.04 19460.25
Siletz (Py) 54 6 60 324.57 1 6.88 2854.17
F, 10 k.7 15 3 60 69285+ 17.58 18508.86
Fir 3 41 16 60 698.43 +11.90 8562.51
F» 3 16 24 34 48 39 20 188 1127.16 + 19.34 70316.37
BCP, 37 60 as 19 2 153 53196+ 14.42 31741.83
BCP,; 132 16 148 326.43 + 4.56 3027.15

@ Each class represents a fruit firmness range of 177 g/fcm” and class values indicated represent class centers.
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BSH estimates in the crosses Mountain Gold VFF x Siletz and Apex
1000 x Siletz were 75.0% and 85.6%, respectively. These moderate to high
estimates are in agreement with those of Mochizuki ef af (1986) and
Markovic ef al (1993) whose estimates were 74% and 70.7%, respectively.

Fruit fi-Carotene Content

Data obtained on fruit B-carotene content of parental, Fy, Fyr, F; and
backcross populations of the cross Scotia (red fruits) x Mountain (Gold VFF
(tangerine fruits) are presented in Table (4).

Parents were distinctively different in their fruit B-carotene content. F,
and F; means were close to that of the lower parent. F; plants were widely
distributed between the two parents with a high tendency towards the low
parent. Plants of the backcross to cv. Scotia were very close to it, while
plants of the backcross to cv. Mountain Gold VFF were widely distributed
with a slight tendency towards this parent. No significant difference was
observed between F, and its reciprocal in fruit f-carotene content indicating
no maternal effect. This result is in agreement with Rego ef al {1999) who
found that fruit color is unlikely to be determined by maternal genes.

Quantitative genetic parameters obtained for fruit §-carotene content
are presented in Table (6). The negative P value {— 0.73) indicated partial
dominance of the low over the high fruit §-carotene content.

Mid and better parent heterosis had negative values being — 38.8%
and - 60.0%, respectively. These results are in contradiction with those of
Amaral et al {1997) as they reported that f-carotene content of
Santa Clara x Floradade approached that of the high parent, while Angela
I.5100 x Floradade exceeded that of the high parent.

Fruit B-carotene content was found to be conirolled by 2 pairs of
genes. This result disagree with that previously estimated as a single
dominant gene conditioning a high percentage of f-carotene (Stommel and
Haynes 1994).

Estimates of BSH was high, being 78.8%, while Abari and Uzo
(1985) estimated it as 51.78%. High BSH estimates indicate the minor role
the environment plays on this character.

Fruit Lycopene Content

Data obtained on fruit lycopene content of parental, F;, Fir, F; and
backcross populations of the cross Scotia (red fruits) x Mountain Gold VFF
(tangenne fruits) are presented in Table (5).
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Table 4. Distribution, mean and variance of fruit f-carotene content of parental, F,, F,r, F,, BCP, and BCP; Populations of the cress Scotia * Mountain Gold VFF.

Population Frequency of fruit beta carotene content in class ® Total No. Mean Variance
040 061  0.82 1.03 1.24 1.45 1.66 1.87 of plants (x +57) ()
Scotia (P)) 3 24 55 0.49 + 0.014 0.011
Mountain Gold VFF (P;) 14 2 15 27 58 1.60 + 0.045 0.116
R, 51 9 60 0.64 + 0.010 0.006
Fyr 45 15 60 0.66 + 0.012 0.009
F, 63 61 41 9 4 3 K] 3 187 0.67+ 0,022 0.093
BCP, 39 112 151 0.56 + 0.008 0.009
BCP, 1 125 23 11 160 1.09% + 0.010 0.016

@ Each class represents a fruit B-carotene content range of 0.21 mg/100 ¢ fresh weight and class values indicated represent class centers.
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Table 5. Distribution, mean and variance of fruit lycopene content of parental, Fy, Fr, F;, BCPy and BCP, populations of the cross Scotia X Mountain Gold

VFF.
Frequency of fruit lycopene content in class ® Total No. Mean Variance
Population
0.42 0.75 1.08 141 1.74 2.7 2.40 273 of plants (X +5%) sH
Scotia (Py) 3 16 17 12 7 55 2.094 +0.05 0.136
Mountain Gold VFF (P,) 45 13 | 58 0.494 + 0.018 0.019
Fy 10 23 27 60 1.174 + 0.031 0.05%
Fir _ 9 41 10 60 1.086 + 0.024 0.035
F, 12 30 33 25 58 18 6 5 187 1.415 + 0.041 0.307
BCP,. 40 i1 151 1.653 + 0.012 0.021
BCP, 31 129 160 0.686 + 0.010 0.017

) Each class represents a fruit lycopene content range of 0.33 mg/100 g fresh weight and class values indicated represent class centers,
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Table 6, Quantitative genetic parameters obtained for FS percentage, FF and fruit -cargtene and lycopene contents of some tomato crosses.

Cross Potence ratio  (P) Mid-parent heterosis High-parent Minimum number Broad sense
(%) heterosis (%e) of genes heritability (%)
Fruil set percemtage
Supermarmande x Apex 100 1.72 39.1 13.4 0.29 73.6
Supermarmande x 506 Bush -0.08 -12 -14.1 317 23.7
Fruit firmness

Mountain Gold VFF x Siletz -0.80 47.9 -674 7.26 75.0

Apex 1000  Siletz -0.26 16.1 -478 2.42 854
Fruit f-carotene content

Scotla x Mountain Gold VFF ~-0.73 -388 - 60.0 1.7 78.8
Fruit lycopene contert

Scotia ¥ Mountain Gold VFF -0.15 -93 -439 1.29 82.6
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Parents were distinctively different in fruit lycopene content. F; and
F, means were close to that of the mid-parent. F, plants were widely
distributed between the two parents. Plants of the backcross to c¢v. Scotia
were close to it; also, plants of the backcross to cv. Mountain Gold VFF
were very close to it. A significant difference was observed between the F,
and its reciprocal in fruit lycopene content indicating the existence of
maternal effect. This result agree with that obtained by Stommel and Haynes
(1994) who reported parental influence on total lycopene and PB-carotene
content.

Quantitative genetic parameters obtained for fruit lycopene content are
presented in Table (6). The low, negative P value indicated partial dominance
of the low over the high fruit lycopene content.

Both mid and better parent heterosis had negative values of -9.3%
and - 43.9%, respectively.

Fruit lycopene content was found to be controlled by 2 pairs of genes.
This result partially agree with Aggour (1999) who estimated 2 gene pairs
for fruit color.

Estimates of BSH for fruit lycopene content were high, being 82.6%
indicating the minor role of the environment on this character.
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