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Abstract

Three tomato lines (Super Marmande L, Peto 86 L,, Castle Rock L3) were top-crossed with two
testers (Nagcarlang T,, Super strain B T,) to produce 6 crosses. The combining ability and nature
of gene action were determined for a number of economic traits to heat stress under Al-Kharj,
Saudi Arabia conditions. Highly significant differences were found among genotypes (parents and
crosses), lines, testers as well as a highly significant lines x testers interaction for most studied
traits obtained from the combined data. Most of the top-crosses were significantly taller and higher
yielding than both mid and better parent. In this respect, the maximum heterosis from mid and
better parent in fruit set % were (32.57 — 29.89), (4.67 — 4.24) and (3.67 — 1.49) for the top-crosses
(L, X Ty), (Ls x Ty) and (L3 x T,), respectively. The three top-crosses (L; x Ty), (Lz x Ty) and (L3 X
T,) were the most promising hybrids in fruit yield plant™ with a maximum heterosis of 22.91,
34.08 and 21.64, respectively. Meanwhile, the three top-crosses (L; x Ty), (Ly x T,) and (L, x Ty)
were the most promising hybrids in flash thickness with a maximum heterosis of 10.62, 14.36 and
7.89, respectively. The three top-crosses (L; X Ty), (L, x T;) and (L, x T,) were the most promising
hybrids in No. of branches plant™ with a maximum heterosis of 6.71, 7.53 and 23.02, respectively.
Results of GCA effects for each line and tester based on the combined data revealed that line
Super Marmande L, was good general combiners for all studied traits except Flesh thickness,
while line Beto 86 L, was good general combiners for flesh thickness only. Tester Nagcarlang T,
was good general combiners for fruit set and fruit yield plant™, while, tester Super strain B T, was
good general combiners for No. of loculus fruit™?, flesh thickness and fruit weight. The highest
desirable SCA effects for all studied traits were obtained from the top-crosses (L; X Ty), (L; X T),
(L, x Ty), (L3 x T4) and (L3 x T,). These promising top-crosses obtained from (good x good), (good
X poor) and (poor x poor) general combiners. The results showed that the both proportional
contribution of lines and testers was larger than those of interaction for all studied traits except No.
of branches plant™. The results indicated that the magnitudes of the additive genetic variance (c*A)
were higher than those of non-additive ones (6?D) for the majority of studied traits indicating the
importance of additive gene action in the inheritance of these traits. Therefore, additive gene effect
was more influenced by heat stress than additive ones. The largest value of broad sense heritability
(99.94%) was recorded for Fruit set, while the lowest value (96.60%) was observed for No. of
loculus Fruit™. The estimates of narrow sense heritability ranged from 50.22% to 99.75% for No.
of branches plant™ and TSS, respectively. These findings ensure the predominance of additive
genetic variance over non-additive one in the inheritance of these traits. These finding support the
importance of additive gene action in the inheritance of these traits. Therefore, selection program
can be used for improving the economic traits in tomato through subsequent generations.

Keywords: Solanum lycopersicum L, General Combining ability, Specific Combining
ability, Heterosis, Heat stress.
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INTRODUCTION

Tomato plant (Lycopersicon esculentum,
Mill) is one of the important vegetable crops in
Saudi Arabia as well as in the world. Tomato is
usually cultivated in the open field in Saudi
Arabia during September as the prevailing
temperature is suitable for growth and
development of the plant. Tomato plants grow
rapidly, so expansion in cultivation of the plant
can be achieved by sowing the seeds at spring
during March, however, tomato plants are
relatively sensitive to high temperature stress.
Tomato fruit production is influenced by high-
temperature stress, despite its capacity to thrive
in a variety of climates because increases in
day/night temperatures above 26/20 °C,
respectively, can severely affect fruit setting
and output (Lohar and peat 1998).
Temperature increases have a deleterious
impact on the pollen grain, particularly during
the initial stage, resulting in poor pollen
germination and reduced pollen tube growth
(Raja et al., 2019). High temperatures not only
diminish flowering and fruit set on the plant
but also impair the development and maturity
of the fruit, lowering crop production (Alsamir
et al., 2021). High temperature is a crucial
problem in growing good crops of high
temperature sensitive vegetables including
tomato. It impairs different morphological
criteria (Khalil and Moursy 1983 and Warrag
1999). High temperature affects wide spectrum
of both biochemical and physiological
responses within the plant cell. These results
are expected and described by many
researchers especially in the case of growing
organs, since all the reactions in the plant
already take place rapidly and further rise in
temperature might easily disturb the balance
(Fisher 1980). Other investigators reported that
extreme and variation of high temperature can
damage the intermolecular interactions needed
for growth (Bita and Gerats 2013).
Hybridization or heterosis breeding is
considered as one of the tools that enable

tomatoes to better cope with climate change,
natural disasters, and disease outbreaks
(Premalakshme et al., 2005). There is a need
for development of different genotypes of
tomato crop having better yield to fulfill the
demands of the increasing population.
Tremendous progress has been achieved with
regards to yield and other quality traits of
tomato after following hybrid vigour (Kurian
et al., 2001; Ahmad et al., 2011). Line x Tester
technique is an important tool to calculate both
specific and general combining ability (GCA
and SCA) and to estimate gene actions of both
parents. It is an efficient technique for
evaluation of inbred or pure lines. This
technique also helps the breeder to isolate the
segregating genotypes and to select best
genotypes for  hybridization  procedures
(Kempthorne, 1957). Higher GCA variance is
indicative of additive gene action while greater
SCA variance point out the greater role of non-
additive gene action (Fehr, 1993). The present
investigation was carried out to understanding
the genetic influences governing different
characteristics in tomato fruits through Line x
Tester analysis under heat stress conditions.

MATERIALS AND METHODS

This study was conducted in Al-Kharj
city, Kingdom of Saudi Arabia. Three
genotypes were crossed as lines (Super
Marmande L;, Peto 86 L,, and Castle Rock L3
(as female) with two as testers (Nagcarlang T,
and Super Strain B T, (as male), in a line x
tester method to give 6 F1-hybrids.Genotypes
seeds (5 parents and 6 F; hybrids) are sown on
nursery in Al-Kharj city, Kingdom of Saudi
Arabia on February 20, 2017 and February 20,
2018. The temperatures in that area are shown
in Fig.1. After about one month, the seedlings
were transferred to the permanent land. It was
planted on lines with a width of 0.8 m and a
distance of 0.40 m between the plant and the
other. A completely randomized block design
was used in three replications, and a drip
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irrigation system was used to irrigate the
experiment. Each experimental unit contained
9 lines (0.8 m wide and 12 m long with a total
area of (7.2 m x 12 m= 86.4 m?). The total
amounts of fertilizer are 200 kg fed™ N, 150 kg
fed™ P,Os, and 120 kg fed™ K,0. About half of
P,05 and K;O were applied pre-planting while
the remaining amounts were applied through
the irrigation systems. In all treatments,
uniform fertigation was applied to provide the
fertilizer requirement using (N, P, K) liquid
fertilizer. All agriculture practices were carried
out as recommended for tomato growing in
open fields.
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Fig. 1: Temperatures prevailing in Al-Kharj,
Kingdom of Saudi Arabia, as average of 2017
and 2018 season (from January to October)

Measured characteristics

At 65 days after transplantation, ten
plants were randomly selected from three
replications to determine the following
characteristics: plant height (cm), number of
branches /plant®, Fruit Set (%), Flesh
Thickness (mm), Number of Locules, Fruit
diameter (cm), Fruit length (cm), Fruit yield
plant™ (kg), Total soluble solids (TSS %), and
fruit weight (g).

Statistical analysis

Statistical analysis of data obtained
during the 2017 and 2018 growing seasons was
performed. Top-cross method: Data were

subjected to various conventional methods of
statistical analysis according to computer
program design for statistical analysis
(Agrobase, 1993). Using an abroad based on
type as a tester, the general combining ability
of line x tester analysis is an extension of this
method in which several testers are used
(Kempthorne,1957). The amount of variance
was expressed as a percentage of the average
deviation of F; from the performance from the
parent average (MP) and the best mean values
(HP).

RESULTS AND DISCUSSION

Analysis of Variance

Combined analysis of variance for all
studied traits is presented in table 2. Highly
significant  differences  existed  among
genotypes (parents and their 6 top crosses) for
all studied traits, revealing a large amount of
variability among them, Parents vs crosses, as
an indication of average heterosis over crosses,
were highly significant for all studied traits.
Using line x tester analysis, sum squares of
crosses was further partitioned into lines
(females), testers (males) and (line x tester)
interaction. Highly significant differences were
obtained among lines for all studied traits. The
two testers differed significantly in all studied
traits except Plant height (cm) and No. of
branches plant®. However, lines x testers
interaction was highly significant for all
studied traits except Fruit Set (%) and Total
Soluble Solids (TSS %), indicating that lines
differed in their order performance in crosses
with each tester. The results of this study
appear to be consistent with what was found by
(Shankar et al., 2013). (Saeed et al., 2014),
(Dagade et al., 2015), (Khalil et al., 2015), and
(Entsar M. I. Abo-Hamada (2017) in tomato
crop.
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Mean performance

Mean performance of the parental lines,
testers and their respective top-crosses for all
studied traits are shown in Table 2. The
parental line L; showed the best mean value
for plant height (cm), fruit set (%), fruit weight
(g), fruit yield plant™, No. of locules fruit™*and
TSS (%). The parental line L, showed the best
mean value for No. of branches plant™ and
flesh thickness (mm). The parental line L,
showed the best mean value for No. of
branches plant™ and flesh thickness (mm). The
results revealed that tester T, showed the best
mean value for No. of branches plant™, fruit set
(%) and fruit yield plant™. Meanwhile, tester
T, exhibited the highest means of plant height
(cm), fruit weight (g), No. of locules fruit™ and
flesh thickness (mm). Concerning the mean
performance of the top-crosses, considerable
variation was obtained among them for all
studied traits. The top-cross (L; x T;) had the
highest mean value for Plant height (cm), Fruit
set (%), Fruit yield plant™, and Total Soluble
Solids (TSS %). Meanwhile, the top-cross (L
X T3) had the highest mean value for Plant
height (cm), No. of branches plant®, Fruit
weight (g) and No. of locules fruit®. In
addition, the top-cross (L, x T,) had the
highest mean value for Flesh thickness (mm).
Therefore, these promising top-crosses could
be used for further breeding studies to improve
the economic traits in tomato

Estimates of heterosis
Estimates of heterosis above mid and

better parent for each top cross for all studied
traits are presented in table 3. The results
showed that 6 and 2 out of 6 top-crosses
exhibited desirable heterotic effects against
mid and better parents, respectively for plant
height (cm). In this respect, the three top-
crosses (L1 x T1), (L2 x T1) and (L3 x T1)
were the best hybrids over mid parents with the
highest positive heterotic values of 8.18, 8.62
and 10.5, respectively, while the top-crosses

(L1 x T2) and (L3 x T1) gave the maximum
heterotic values of 6.93 and 9.47 versus the
better parent. As for No. of branches plant™,
the top-cross (L2 x T») had the highest positive
heterotic value of 23.02 and 13.06 from mid
and better parents, respectively. Concerning
fruit set (%), the results showed that 4 and 3
out of 6 top-crosses exhibited desirable
heterotic effects against mid and better parents,
respectively. The maximum heterosis values
above mid and better parents in fruit set (%)
were (32.57 — 29.89), (4.67 — 4.24) and (3.67 —
1.49) for the top-crosses (L, x T»), (L x Ty)
and (L3 x Ty), respectively. Respecting to fruit
weight (g), 3 and 1 out of 6 top-crosses
exhibited desirable heterotic effects against
mid and better parents, respectively. In this
respect, the three top-crosses (L; X T1), (L1 X
T,) and (L, x T1) were the best hybrids over
mid parents with the highest positive heterotic
values of 14.48, 37.14 and 16.29, respectively,
while the top-cross (L; x T,) gave the
maximum heterotic values of 8.05 versus the
better parent. Concerning Fruit yield plant™,
the results showed that 3 and 3 out of 6 top-
crosses exhibited desirable heterotic effects
against mid and better parents, respectively.
The maximum heterosis values above mid and
better parents in fruit yield plant™ were (22.91
- 6.2), (34.08 — 13.2) and (21.64 — 18.84) for
the top-crosses (L; x Ty), (L3 x T1) and (L3 X
T>), respectively. As for No. of locules fruits™,
the top-cross (Lz x T1) had the highest positive
heterotic value of 8.07 and 5.01 from mid and
better parents, respectively. Concerning flash
thickness (mm), 4 and 3 out of 6 top-crosses
exhibited desirable heterotic effects against
mid and better parents, respectively. The
maximum heterosis values above mid and
better parents in flash thickness (mm) were
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(10.62 —6.97), (14.36 — 2.50) and (7.89 — 2.77)
for the top-crosses (Li X Ty), (L1 X T) and (L;
x Ty), respectively. Regarding to TSS (%), 5
and 1 out of 6 top-crosses exhibited desirable
heterotic effects against mid and better parents,
respectively. In this respect, the three top-
crosses (Li x Ty), (L1 x T2) and (L3 x T1) were
the best hybrids over mid parents with the
highest positive heterotic values of 5.90, 6.51
and 4.51, respectively, while the top-cross (L
X T1) gave the maximum heterotic values of
1.96 versus the better parent. Heterosis was
also reported by several investigators for
economic traits in tomatoes (Singh and Asati,
2011; Shalaby, 2013; Kumar et al., 2013;
Shankar et al., 2013; Kalenahalli and Gowda,
2013 and Entsar, 2017). In general, the results
showed that the majority of the top-crosses
were significantly taller and higher-yielding
than both mid and better parents which reflects
the important role of non-additive genetic
variance in the inheritance of these traits.

General Combining ability (GCA)

Estimates of general combing ability
effects (gi) of each line and tester based on the
combined data for all studied traits are
presented in table 4. Concerning the studied
traits, the parental line (L;) was considered to
be excellent general combiners for all studied
traits except Flesh Thickness (mm). While the
parental line (L;) was considered to be
excellent general combiners for Flesh
Thickness (mm), whereas it was poor general
combiner for the other studied traits. The
results revealed that tester (T;) proved to be
good general combiner for Fruit Set (%) and
Fruit Yield Plant™, whereas it was poor general
combiner for the other studied traits. However,
tester (T,) proved to be good general combiner
for Fruit Weight (g), No. of Locales Fruits™
and flesh Thickness (mm), whereas it was poor
general combiner for the other studied traits. It

is interesting to notice that lines (L;) and (Ly)
and testers (T1) and (T,) possessed more
desirable additive genes for most studied traits.
These promising lines and testers could be
utilized in tomato breeding program to
improve these traits.

Contribution of lines (female), testers
(male), and their interaction to total
variance

The contribution of lines (female),
testers (male), and their interaction to total
variance was presented in Table for all traits and
most important traits were shown in Fig. 2) . The
proportional contribution of lines was larger than
that of testers for all traits except for fruit set
percentage. Furthermore, the contribution of lines
was larger than that of lines x testers interaction in
all characters except for number of branches and
yield indicating the importance of selection of lines
for hybridization. The contribution of line x tester
was about 63.6 and 40% for number of branches
yield, respectively depicting the importance of non-
additive type of gene action. These results are in
accordance with those reported by Mahmood et al.
(2021) and Ullah et al. (2019).

Specific combining ability (SCA)

Estimates of specific combining ability
effects (Sij) of each top-cross from the
combined data for all studied traits are given in
table 5. The results showed that the studied
traits exhibited significant specific combining
ability effects in most cases either positive or
negative signs. Out of 6 top-crosses 2, 2, 2, 1,
2, 3, 1 and 2 towards tallness (cm), high No. of
Branches Plant™, high Fruit Set (%), high Fruit
Weight, high Fruit Yield Plant™, high No. of
Locules Fruit™, high Flesh Thickness (mm)
and high TSS (%), respectively. The highest
desirable SCA effects for all studied traits were
obtained from the top-crosses (L1 x Ty), (L1 X
T,), (L2 x T>), (L3 x T1) and (L3 x T>).. It could
be observed that the promising top-crosses in
all studied traits were obtained from (good x
good), (good x poor) and (poor x poor) general
combiners. For instance, in the case of fruit set
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(%) the best top-crosses were a result of
crossing good x good general combiner (L; X
T1), good x poor general combiners (L; X To.
L, x Ty and L3 x Ty) and poor x poor general
combiner (L, x T, and L3 x T5). Consequently,
it is not necessary that parents having high
estimates of GCA effects would also give high
estimates of SCA effects in their respective
crosses. For instance, in the case of fruit set
(%), the top-cross (Li x Tp) which including
two good general combiners showed low SCA
effects. On the contrary, the top-cross (L, X Ty)
involving two poor general combiners give the
highest SCA effect value for the No. of
Branches plant™ and Fruit Yield plant™ traits
which might be due to the genetic diversity
between these parents. Generally, the
promising  top-crosses  which  exhibited
desirable SCA effects, showed also high useful
heterosis as previously mentioned for all
studied traits. This finding indicates that non-
additive gene action played an important role
in the expression of these traits. Contribution
of lines (female), testers (male), and their
interaction to total variance.

The contribution of lines (female), testers
(male), and their interaction to total variance
was presented in Table 6 for all studied traits and
Fig 2 for most important traits. The results showed
that the both proportional contribution of lines and
testers was larger than those of interaction of L X T
for all studied traits except No. of branches plant™.
Moreover, the result indicated that additive genetic
variance was larger than those of non-additive
genetic variance for all studied traits except No. of
branches plant™.

Genetic parameters

The estimates of genetic parameters for all
studied traits are presented in Table 6. The results
indicated that the magnitudes of the additive
genetic variance (c>A) were higher than those
of non-additive ones (¢°D) for the majority of
studied traits indicating the importance of
additive gene action in the inheritance of these
traits. Therefore, additive gene effect was more
influenced by heat stress than additive ones. These

finding support the importance of additive gene
action in the inheritance of these traits. Therefore,
selection program can be used for improving the
economic traits in tomato through subsequent
generations. The estimates of broad sense
heritability were higher than those of narrow sense
for all studied traits. The largest value of broad
sense heritability (99.94%) was recorded for Fruit
set, while the lowest value (96.60%) was observed
for No. of loculus Fruit™. The estimates of narrow
sense heritability ranged from 50.22% to 99.75%
for No. of branches plant™ and TSS, respectively.
These findings ensure the predominance of additive
genetic variance over non-additive one in the
inheritance of these traits. These results are agree
with those obtained by (EI-Gendy and El-Sherbeny
2005, Pal and Sabesan2009, El-Gendy et al., 2012,
Reddy et al., 2012, Solankey et al. 2012, Reedy et
al., 2013, Hamad et al., 2015, Verma and Sood
2015 and Paul et al., 2017)
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Table (1) The combined analysis of variance for tomato studied traits

SOV df Plant Height | No. of Braﬂ]ches FSr:t't Fruit Weight Fruit Yield Plant® | No. of I__o_ciules Flesh Thickness TSS

(cm) Plant (%) (9) (Kg) Fruit (mm) (%)

Replications 2 0.48 0.0499 2.09 0.48 0.001 0.023 0.005 0.022
Genotypes 10 113.2** 0.765** 449.5%* 825.9** 0.761** 1.097** 0.642** 0.275**
Parents (P) 4 191.3** 1.029** 357.6** 1754.5** 1.03** 2.05** 1.07** 0.346**
Crosses (C) 5 47 47> 0.359** 181.5** 239.8** 0.677** 0.51** 0.302** 0.20**
PvsC 1 129.3** 1.74** 216** 42.94** 0.100** 0.213* 0.652** 0.374**
Lines (L) 2 103.9** 0.325** 131.3** 535.4** 0.392** 0.890** 0.464** 0.473**
Testers (T) 1 0.122 0.004 624.2** 516.4** 0.457** 0.320** 0.396** 0.043**
LxT 2 14.7** 0.571** 10.36 79.7%* 0.406** 0.224** 0.092** 0.0008
Error 20 1.046 0.012 0.292 3.448 0.007 0.036 0.017 0.0006

*, ** Significant at 5% and 1% level, respectively

Table (2) Mean performance of parental lines, testers and their 6 top-crosses for all studied trait

No. of . . sy 1 .
Genotypes Plant Height (cm) Branchles Fruit Set (%0) Frwt(\é\)/elght Fruit Y('lilg)Plam No. of Locules Fruit™ Flesh (‘r;hr:]c)kness -(I;SO?
Plant
Cross
L1xXT1 76.44 6.49 94.50 77.68 3.42 4.18 3.73 5.20
L1xT2 76.44 7.21 83.06 96.79 2.51 4.30 4.26 5.13
L2xT1 66.68 6.72 86.00 67.39 2.69 3.13 451 4.77
L2xT2 69.56 6.55 76.66 74.43 2.75 3.84 4.55 4.68
L3xT1 73.70 6.62 87.43 67.84 2.51 4.01 3.96 471
L3xT2 70.32 6.16 72.87 73.83 2.40 3.99 4.30 4.58
Line
L1 79.47 6.38 63.95 92.98 2.13 5.30 3.26 5.10
L2 62.36 6.78 60.84 65.37 1.81 3.45 4.40 4.23
L3 73.85 6.52 60.44 76.02 1.70 4.55 3.86 4.38
Tester
T1 61.85 5.78 86.47 30.61 242 3.40 3.49 4.72
T2 63.54 5.35 64.23 75.73 1.31 3.66 4.67 4.72
LSD 1.74 0.19 0.62 3.16 0.143 0.32 0.22 0.03
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Table (3): Heterosis percentage over MP and BP for studied traits in tomato

Plant Height (cm) No. of Branches Plant™ Fruit Set (%) Fruit Weight (g)

Crosses

MP HP MP HP MP HP MP HP
L1XT1 8.18** -3.82** 6.71** 1.72%* 15.79** -1.02* 14.48** -23.91%**
L1XT2 7.37** 6.93** 6.95** -0.93* -12.68** -24.32%* 37.14** 8.05**
L2XT1 8.62** -0.21 7.53** 1.43** -1.97** -16.26** 16.29** -18.44**
L2XT2 6.89** -3.82** 23.02** 13.06** 32.57** 29.89** -3.46** -12.42*%*
L3XT1 10.5** 9.47** 8.00** -3.44** 4.67** 4.24** -3.03** -17.48**
L3XT2 2.37** -4.78** 3.73** -5.62** 3.67** 1.49* -2.69** -2.88**
Crosses Fruit Yield Plant® (kg) | No. of Locales Fruits® | Flesh Thickness (mm) TSS (%)

MP HP MP HP MP HP MP HP
L1XT1 22.91** 6.2** -3.83** -21.02** 10.62** 6.97** 5.90** 1.96**
L1XT2 -27.48** -50.3** -8.56** -9.18** 14.36** 2.50** 6.51** 0.99
L2XT1 -16.75** -36.9** 0.92 -11.79** 7.89** 2.77** 3.44** -0.35
L2XT2 -2.75* -15.3** -4.02** -18.88** 7.36** -8.85** 4.41** 0.46
L3XT1 34.08** 13.2** 8.07** 5.01** 0.22 -2.64** 4,51** -0.85
L3XT2 21.64** 18.84** -2.68* -12.23** 0.78 -7.99** 0.81 -2.83**

*, ** Significant at 5% and 1% level, respectively.

Table (4) Estimates of general combining ability effects (g;) of each line and tester from combined data for all studied traits.

Plant Height No. of Fruit Fruit Weight | Fruit Yield Plant™ No. of Locules Flesh Thickness TSS
Genotypes (cm) Branches Set © (Kg) Fruits? (mm) (%)
Plant™ (%) g 9 0
Lines
L1 4.25** 0.23** 5.36** 10.9** 0.25** 0.33** -0.22** 0.32**
L2 -4.07** 0.01 -2.09** -5.4** 0.01 -0.42** 0.31** -0.12**
L3 -0.18 -0.24** -3.27** -5.49* -0.26** 0.09 -0.09 -0.20**
S.E (gca) 0.42 0.04 0.54 0.76 0.03 0.08 0.05 0.03
S.E.(gi-gj) line 0.59 0.06 0.77 1.07 0.05 0.11 0.08 0.05
Testers
T1 0.08 -0.02 5.89** -5.36** 0.16** -0.13* -0.15** 0.05
T2 -0.08 0.02 -5.89** 5.36** -0.16** 0.13* 0.15** -0.05
S.E.(gca) 0.34 0.04 0.44 0.62 0.03 0.06 0.04 0.03
S.E. (gi-gj) tester 0.48 0.05 0.63 0.88 0.04 0.09 0.06 0.04

*, ** Significant at 5% and 1% level, respectively.
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Table (5) Estimates of specific combining ability effects (S;;) of each top-cross from the combined data for all studied traits.

Plant Height 1 Fruit Set Fruit Weight Fruit Yield Plant® | No. of Locules | Flesh Thickness TSS
Item (cm) No. of Branches Plant (%) @ (Kg) Fruit? (mm) (%)
L1XT1 -0.346** -0.081 -0.011 0.077 -0.171 0.296** -0.113 -4.197**
L1XT2 0.346** 0.081 0.011* -0.077 0.171 -0.296** 0.113 4.197**
L2xT1 0.101 -1.524** -0.002 -0.220* -1.221%* -0.192** 0.132 1.839
L2xT2 -0.101 1.524** 0.002 0.220* 1.221** 0.192** -0.132 -1.839
L3xT1 0.246** 1.604** 0.013** 0.143 1.391** -0.104* -0.018 2.358*
L3xT2 -0.246** -1.604** -0.013** -0.143 -1.391** 0.104* 0.018* -2.358*
S.E(sca effects) 0.063 0.590 0.048 0.110 0.312 0.048 0.075 1.072
S.E. (sij-sil) 0.089 0.835 0.068 0.155 0.441 0.068 0.106 1.516
*, ** Significant at 5% and 1% level, respectively.
Table (6) Contribution of lines, testers, and their interaction and genetic components for studied tomato traits.
Item Branches Plant height (cm) TSS No. of Locules Fruitset % | yield/plant (kg) Flesh Thickness (mm) | Fruit weight
Contribution (%) of lines, testers, and their interaction
Line 36.19 87.55 95.48 69.84 28.94 38.15 61.60 61.31
Tester 0.24 0.05 4.35 12.55 68.78 22.26 26.26 29.57
LxT 63.57 12.40 0.17 17.61 2.28 39.59 12.14 9.12
Contribution % of lines, testers, and their interaction for most important traits
Genetic components
A?:JEA')Ve 0.19 25.69 011 0.29 170.0 0.27 0.20 249.1
Dog'zrl‘;;‘:e 0.19 455 0.0001 0.06 3.36 0.13 0.02 25.41
o*A/c’D 1.03 5.64 1218 4.69 50.65 2.06 8.06 9.80
H2gs 98.97 98.86 99.84 96.60 99.94 99.42 96.97 99.58
H2s 50.22 83.97 99.75 79.63 98.01 66.93 86.26 90.36
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CONCLUSION

Through the results of the study, the line Supermarmande
and the tester Nagcarlang, as well as Superstrain B, demonstrated
the greatest favorable impacts for most of the important traits
under heat stress, according to this study. As a result, their
parents may be useful in future breeding programs. Nagcarlang x
Supermarmand, Nagcarlang x Castel Rock, and Superstrain B x
Peto86 showed substantial SCA effects for both fruit set and
yield, as well as most characteristics under heat stress, among all
crosses. As a result, these hybrids will be able to be utilized in
future breeding programs.

ACKNOWLEDGMENT
The author wishes to thank the College of Food and

Agricultural Sciences Research Centre and the Deanship of
Scientific Research, King Saud University, Saudi Arabia for
supporting this work.

REFERENCES

Agrobase. (1993). Computer programe for statistical analysis
version 1.3 Canada Manitoba University.

Ahmad, S., A.K.M. Quamruzzaman and M.R. Islam, 2011.
Estimate of heterosis in tomato (Solanum lycopersicum L.).
Bangladesh J. Agric. Res., 36: 521-527.

Ahmad, S., A.K.M. Quarmruzzaman and M.R. Islam. 2011. Estimation
of heterosis in tomato (Solanum lycopersicum L.). Bangladesh J.
Agric., 36(3): 521- 527.

Alabi, S. O., A. B. Obilana and C. C. Nwasike (1987). Gene
action and combining ability for quantitative characters in
upland cotton. Samaru Journal ofAgriculturalResearch.5:(1-
2): 59- 64.

Alsadon, A.A., M.A. Wahb-allah and S.O. Khalil (2006). In
vitro Evaluation of Heat Stress Tolerance in Some Tomato
Cultivars. J. King Saud Univ., Vol. 19, Agric. Sci. (1), pp.
13-24.

Alsamir, M.; Mahmood, T.; Trethowan, R.; Ahmad, N. An overview
of heat stress in tomato (Solanum lycopersicum L.). Saudi J. Biol.
Sci. 2021, 28, 1654.

Amin, EL.S.A; M.M. Abd EI-Maksoud and Aida, M. Abd EI-
Rahim (2001). Genettical studies on F1 hybrids, F, generations
and genetic parameters associated with it in tomato (
Lycopersicon esculentum Mill) J. Agric. Sci. Mansoura Univ.,
26(6):3667-3675.

Angadi, A. and P.R. Dharmatti (2012). Heterosis for processing
quality traits in tomato (Solanum lycopersicum L.). Res. J.
Agric. Sci., 3: 1028-1030.

Bita CE, Gerats T (2013) Plant tolerance to high temperature in a
changing environment: scientific fundamentals and production of
heat stress—tolerant crops. Front Plant Sci 4:1-18 Breeders
Assoc., 4: 296-301.

Dagade, S.B., L. K. Dhaduk, K. Hariprasanna, D.R. Mehata,
V.M. Bhatt and A.V. Barad (2015). Parent offspring relations
on nutritional quality traits in 8x8 partial diallel cross of fresh
tomatoes. Inter. J. Appl. Bio. and Pharmaceutical Tech.6 (2)
45-55.

Entsar M. I. Abo-Hamada (2017). Combining ability and
heterosis in tomato under high-temperature conditions.
Menoufia J. Plant Prod., Vol. (2):275-289.

FAO. (2014). Crops: Visualize. http://www.fao.org/faostat/en/
#data / QC/ visualize.

Fehr, W.R. 1993. Principles of cultivar development. Vol. 1.
MacMillan Publ. Co., New York, USA.

Izge, A.U., A.M. Kadams, and D.T Gungula (2007). Heterosis
and Inheritance of Quantitative Characters in diallelCross of


https://jsasj.journals.ekb.eg/
http://www.fao.org/faostat/en/

Journal of Sohag Agriscience (JSAS)

https://jsasj.journals.ekb.eg

Pearl Millet (Pennisetumglaucam L.). JournalofAgronomy. 6
2: 278-285.

Kalenahalli,Y. and P.H.R. Gowda (2013) Line x tester analysis in
tomato (Solanum Lycopersicum L.): identification of superior
parent for fruit quality and yield attributing traits. Inter. J.
Plant Bree.7(1):50-54.

Kempthorne, O. (1957). An Introduction to Genetic Statistics.
John Wily and Sons, New York, USA, PP. 458-471.

Kempthorne, O. 1957. An Introduction to Genetic Statistics. John
Wiley and Sons Inc., New York. pp: 208-223.

Khalil S, Moursy HA (1983) Changes in some germination
morphological and reproductive characters of tomato plant as
influenced by heat treatments of seeds. Ann Agric Sci Fac Agric
Ain Shams Univ Cairo Egypt 28:1099-1121

Khalil, E. M. E. A., A. A. Farrag. A. A. Kheder and H. M.
Mazyad (2015). Tomato breeding for heat and tomato yellow
leaf curl virus (TYLCV) toleranc Egypt. J.Appl.Sci.30(9):556-
579.

Kumar, R., K. Srivastava, R.K. Singh and V. Kumar (2013).
Heterosis for quality attributes in tomato (Lycopersicon
esculentum Mill.). Vegetos, 56: 101-106..

Kurian, A., K.V. Peter and S. Rajan.2001. Heterosis for yield
components and fruit characters in tomato. J. Trop. Agric., 39: 5-
8.

Lohar, D.; Peat, W. Floral characteristics of heat-tolerant and heat-
sensitive tomato (Lycopersicon esculentum Mill.) cultivars at high
temperature. Sci. Hortic. 1998, 73, 53-60.

Metwally, E.l.; G. El-Fadly and A. Mazrouh (1988). Inheritance
of fruit set under heat stress conditions in tomato. Proc.2nd
Hort. Sci. conf. Tanta Univ.,: 521-530.

Mondal, C., S. Sarkar and P. Hazara (2009). Line x Tester
analysis of combining ability in tomato (Lycopersicon
esculentum Mill). J. crop and Weed 5 (1): 53-57.

Premalakshme V, Thangaraj T, Veeraragavathatham, Arumugam T.
Heterosis and combining ability in tomato, Vegetable Sciences
2005;32(1):47-50.

Raja, M.M.; Vijayalakshmi, G.; Naik, M.L.; Basha, P.O.; Sergeant, K.;
Hausman, J.F.; Khan, P.S.S.V. Pollen development and function
under heat stress: From effects to responses. Acta Physiol. Plant.
2019, 41, 1-20.

Rick C.M. (1978). The tomato. Scientific American 239: 66-
76.

Saeed, A., N. Hasan, A. Shakeel, M.F. Saleem, N. H. Khan, K.
Ziaf, R. A. M. Khan and Saeed (2014). Genetic analysis to
find suitable parents for development of tomato hybrids.
Researcher 6(6)77-82.

Shalaby, G.I.; M. K. Imam; A. Nassar; E.A. Waly and M.F.
Mohamed (1983). Studies on combining ability of some
tomato cultivars under high temperature conditions. Assuit J.
Agric. Sci., 14: 35-56.

Shalaby,T.A (2012). Line x tester analysis for combining ability
and heterosis in tomato under late sumer season condition. J.
plant production Mansoura Univ.3(11)2857-2865.

Shankar, A., R. V. S. K. Reddy, M. Sujatha and M. Pratap
(2013). Combining ability and gene action studies for yield
and yield contributing traits in tomato (Solanum lycopersicim
L.).Helix 6:431-435.

Singh, AKK. and B.S. Asati (2011). Combining ability and
heterosis studies in tomato under bacterial welt condition.
Bangladesh J. Agric.Res. 36 (2): 313-318.

Tessi, R., A. Grainfenberg and M.E. Creatim. (1970). Heterosis
and quality in F; hybrids of L. esculentum Mill, growth under
glass. Riv. Ortoflorofruttic Ital. 54: 269-92.

Warrag MOA (1999) Flowering and fruiting of tomato (Lycopersicum
esculentum Mill) in Qassin Saudi Arabia during summer. J King
Saud Univ Agric Sci 3: 241-250.


https://jsasj.journals.ekb.eg/

Journal of Sohag Agriscience (JSAS)

https://jsasj.journals.ekb.eg

Al gadldll
Aualay) il oy s alabalall (e St iy R il plas3
g gl g o) ASLaaly g7 ) Al B Alad) 5 )l i cia

SRR TR RS
ol -2 sr Ll drala Ao 3l 5 A2 V1 AIS, ) LY il

Peto 86 s Super Marmande L1) s ableds G 233 il &y
Laa ahlehall (ja o ida &Y e il ae (Castle Rock L3 5 L2
sk e Gluag 6 gy <ld, (Super Strain B T2 5 Nagcarlang T1)
il Jaill dags  dadiivedd) YO G Gl e 508 aad 3 il gl
L pal) ASLaally = HAl) dilaie Cag yla Cnt (o)) jall Slga D AulaBY) Ciliiall (e 2221
O Aiban) V2 g4, 5ine I3 (3508 o fall a3 ) Le i) & jedal 285 A0 )
Gy 5l L 5 ¢ YD o IS ¢ (Gl 5 L) A8l Lkl
alanal AV Ale 4 gine (358 llia ol 5 bpmaall YL 5 X YDy Jelal
Cilingill alane CuilS LS Anend) cililal) (e Lo Jsamnll 23 3 a5 500l Cilanall
o) b sia e JS e e d dali) culd g i 5L e il culae ) Leale Juadial)
bl 55 ¢ LY T gl (e i) (e uaBY) ) (IS ¢ aiall 138 8 eLY) Gl
(1.49 - 3.67) 5 (4.24 - 4.67) « (29.89 - 32.57) 7 & siall siall G 3 £
A0 climedl) cilSy Ml e (L3 X T2) 5((L3x T1 L2 x T2) ) el
o) gl S A (L3 X T2) 5 (L3 X T1) 5 (L1 X T1) (ol cnedl &
Sl 21.64 534.08 522.91 o8 lad sl any JL J emnd il b e )
LLX) 5 (L1 X T1) ol om0 Clismgl S i i 1 35 M il
Ol (e ol any Ll aalll a8 330 5l Cliagdl) & (L2 X T1) 5 (T2
L1 X ) ol pmall (8 4003 cilimgtl i€ Vi) e 7.89 5 14.36 5 10.62
aay alill Je g ogdll s 8 el ) cpagd) A (L2 X T2) 5 (L2 X T1) 5 (TL
e aalall 5 5l cl 8 il < pelal LS Mgl e 23.02 57.53 56,71 (ol
Super ALl of deesall Gl Jle 2l o) 5t Ay La JSI Call
a ULl A g el Cilaall c_m;.\ 2 ale e e 3 ke S Marmande L1
elos ddal Baa dale e &l 5l (e 3 e Beto 86 L2 Al (S Laiy ¢ aalll class
e sam @l e 5 5ke Nagearlang T1 sodaal bl (IS @l L aall
3_Le Super Strain B T2 A3l ¢S Ly ¢ Sl J peane Ll Cliia de ganal
el e Jpaall ai iy Ll ()55 alll dlaw (e IS 32 Ao ad @il sl e
Climgdl) (e Aag el Clliall maeal dyge yall Gl Jle dalal) 5l o,
& (L3XT2) s(L3XTL) 5 (L2 X T2) 5 (L1 X T2) 5 (L1 X T1) skl

5 (Gl X am) 5 (3 X an) Oe sl Aglall Qliagdll o e Jsaal)
a5 L shall ) Laaluall e AS o il @ ekl (Gl X Cigeia)
& s Al gian a8l ol du g yaall Cildcall aread Jelally Aalal) @lli e ST culs
Qi e el cilS (62A) ihay) Suadl Gl jolde of ) il @l -
Gl dae Lpaal o Jy Les Gy sl cilial) 4ullal (D2) dilias lls alal
a1l T ddleaal) clial)l 6 IS ¢ Y claall oda &),y 8 Al
el sl mally Bl e ST Jaad & Ailadl cliall il e o) al
e A4Sl de gaad (796.60) dad Ji o iy ¢ 4gSW de sanal (7.99.94)
799.75 A 750.22 (e Gl Gaadly &)l @l a8 caa sl 53 loculus Fruit-1
e gl o3 et gl e 2l Llal) o) gl 5 [- ahiadll g 5 8 e a8
Ul 020 pedi cliall sda D)5 8 HLaY) e ol e laY) Gal) ol
LY gald  aladinl (Say ¢ A claall s A1)y & Y Gl dae dyaal

Aaaid) Jua) e ablekll 8 4pala®¥) cilacall Gauail


https://jsasj.journals.ekb.eg/

