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GENETICAL STUDIES ON SOME TOMATO CULTIVARS
UNDER HIGH TEMPERATURE CONDITION. I: INHERITANCE
STUDIES OF SOME CHARACTERS IN TOMATO UNDER
HIGH TEMPERATURE CONDITIONS.
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ABSTRACT

This study was carried out during three successive summer seasons of
2002, 2003 and 2004 at Kaha Vegetable Research Station, Kalubia, Egypt. Seven
tomato (Lycopersicon esculentum Mill.) cultivars were evaluated for heat tolerance
and the ability of set fruits under field high- temperature conditions. The cultivars Cal
Ace, Castle rock and Mobile were classified as heat-sensitive cultivars, while cultivars
Peto 88, Chico Ill, Super Strain B and Tallalakhin were classified as heat-tolerant
cultivars based on their pollen viability, fruit-setting ability, and yielding under high
temperatures.

High temperature reduces pollen viability, fruit set percentage and increased
stigma elongation, stigma coloration and unmarketable fruits, i.e. cracks, blossom-end
rot and small mature fruits. Pollen viability percentage ranged from 41.43% to 50.2 %
and 36.97 to 48.65 for heat-sensitive cultivars and 55.10% to 64.32% and 51.53 to
65.28% for heat-tolerant genotypes during 2002 and 2003 seasons respectively. Fruit
set percentage at high temperatures ranged from 31.25% to 38.22 % and 37.30% to
40.00% in the heat-sensitive and from 48.47% to 79.00% and 53.42% to 82.92% in
the heat-tolerant genotypes, respectively during the successive summer seasons.

Pollen viability and fruit set percentage, total yield and average fruit weight
behaved as a quantitative characters and both environment and genetics were
involved in the inheritance of this characters. Inheritance of pollen viability (%) under
high temperature was governed by absence of dominance or partial dominance
toward the lower percentage of pollen viability. While, partial dominance toward the
high fruit set (%), over dominance of the high total yield and partial dominance toward
the heavy fruit weight were responsible for the inheritance of percentage of fruit set,
total yield and average fruit weight under high temperature respectively. Additive
effect appeared to be important in the inheritance of the previous characters.

Narrow-sense heritability was high for total yield and average fruit weight
under the heat stress of summer in Egypt. Heritability and genetic advance values
showed that effective selection might be made for percentage of fruit set, total yield
and average fruit weight. Pronounced positive heterosis was observed for fruit set
percentage, total yield and average fruit weight, while negative heterosis was
observed for pollen viability percentage. '

INTRODUCTION

Tomato (Lycopersicon esculentum Mill) is one of the most popular
vegetable crops in Egypt. However, there are serious problems associated
with the summer season of tomato. High temperature is resulting drastic
reduction in tomato fruit set (Abdalla and Verkerk, 1968; Rudich et al 1977,
Dane et al 1991: Wessel-Beaver and Scott, 1992; Abdul-Baki and Stommel,
1995 and Lohar and Peat, 1998); yield (Abdul-Baki, 1991 and Wessel-Beaver
and Scott, 1992) and fruit quality (Levy et al 1978 and Hanna and Hernandez,
1982). High temperature increased also the incidence of unmarketable fruits
(Abdul-Baki, 1991).
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He it tolerance levels in the genotypes were established by determining
percent fruit set at high temperatures. Abdul-Baki (1991) reported that fruit
sel was 30% and 52% for heat-sensitive and heat-tolerant cultivars,
respectively. While, Abdul-Baki and Stommel (1995) reported that fruit sat
ranged from 41% to 84% and from 45% to 91% in the heat-sensitive and
hext-tolerant genotypes, respectively.

Several factors contribute to reduction in tomato fruit set under
high temperatures. These factors include reduction in pollen viability (Shelby
et al 1978; Dane et a/ 1991 and Sato et al 2000), style elongation (Rudich et
al 1977 and El Ahmadi and Stevens, 1979) and stigma browning (Levy et a/
1978, El Ahmadi and Stevens, 1979; Dane et al 1991 and Lohar and Peat,
1998). At the same time Sugiyama et a/ (1966) found that low fruit setting
when flower buds were exposed to high temperature of 40 °C before
anthesis, mainly to reduction in the number of fertile pollen. Also Stevens and
Rudich (1978) reported that development of tomato cultivars with improved
fruit set under high temperatures would be valuable for tomato crop
production in region where the temperature during part of the growing season
reached above 35 °C or higher. The night temperature was the limited factor
for tomato fruit set as reported by Schaible (1962) who mention that tomato
fruit set was generally poor when night temperature exceeded 23 °C.

Wide genotypic variation among cultivars has been observed under
high temperature as reported by Stoner and Otto (1975) who found that
Chico lll was heat tolerant cultivar's. Phookan et al (1997) reported that fruit
set and viable pollen grains were varied with cultivars under high-
temperature. Nassar et al (1982) found that Peto 86 and Cal Ace cultivars
were the earliest and lowest early tomato yield respectively at summer
planting in Egypt. He added that cv. Cal Ace produced the largest fruit. Dane
et al (1991) reported that small- fruited cultivars were less affected by heat
stress ihan larger-fruited cultivars. Lohar and Peat (1998) found that the
anthesis was earlier in heat- tolerant cultivars than in heat-sensitive cultivars.

Inheritance of tomato fruit set under high temperature was
governed by additive gene effects (Hanna and Hernandez 1982 and Dane et
al, 1991), additive and non-additive genetic variances (Sherif and Hussein,
1992) and simple additive-dominance effects or epistatic component (Hanson
et al, 2002). Heritatilities of fruit set under high temperatures were 0.31 and
0.21 as reported by Hanson et al (2002). Dane et al (1991) stated that under
heat stress additive gene effects governed the pollen fertility.

Inheritance of tomato yield under high temperature was governed
by additive gene effects (Sherif and Hussein, 1992 and Chadha et al, 2001)
and non-additive gene effects (Roopa et al, 2001). Heritability and genetic
advance were high for yield/plant as reported by Ghosh et al (1995) and
Parvinder Singh et al (2002).

Inheritance of fruit weight under high temperature was governed by
additive gene system effects (Sherif and Hussein, 1992); non- additive gene
effect (Roopa et al, 2001) and partial dominance for the small over the high
fruit weight ( Abdel-Ati et al, 2000).
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Narrow-sense heritability was high for fruit weight under the heat
stress of late summer in Upper Egypt (Sherif and Hussein, 1992). Broad
sense heritability was 84.9% for average fruit weight (Abdel-Ati et al, 2000).

The present study was undertaken to 1) evaluate some tomato
cultivars for their response to heat tolerance under field conditions, to select
the best heat-set genotypes as genetic sources for incorporation in a
breeding program; 2) determine the inheritance of Pollen viability, fruit set,
yielding ability and average fruit yield under high temperatures.

MATERIALS AND METHODS

This investigation was carried out at Kaha Vegetable Research
Station, Kalubia, Egypt, during threz successive summer seasons of
2002,2003 and 2004 through two parts as the following:

A- Evaluation of tomato genotypes for heat tolarance:
Seven tomato cultivars viz.,, Cal Ace; Castle rock, Peto 86 (Petoseed
Company, USA); Chico IlI; Super Strain B (Castle Company); Mobile (U.S.A.)
and Tallalakhin (Russia) were evaluated under open field during the 2002
and 2003 summer seasons for heat tolerance and the ability of fruits set
(FS%) under high temperatures. In each year seeds were sown on April 8,
and transplanting on May 12. A randomized complete block design with four
replications and 25 plants per replication were used. Plant was spaced 35 cm
apart within the row with 1 m wide. All cultural operation were similar to those
practiced in commercial field production. The statistical analysis was done
according to Stell anc Torrie (1960). Data were recorded for the following
characters:

1- Number of days to anthesis.

2- Pollen viability: anthers from six flowers per replication were collected at

biweekly intervals and squashed in acetocarmine and at least 100 pollen

grains per flower were used to determine the percent of pollen viability as

recorded by Tsuchiya (1971).

Stigma elongation percentage: the stigma position was determined in

relation to the antheridial cone.

4- Stigma coloration percentage.

5- Fruit set percentage: percent fruit set was determined by scoring flower
counts on inflorescences present and fruit produced. A fruit was
considered set when its diameter reached > or = 5 mm as described by
Abdul-Baki, (1991).

B- yield: early yield (Kg/ plant) estimated as the weight of fruits harvested
during the first 2 weeks of harvesting period. Total yield (Kg/ plant)
measured as the weight of all fruits harvested at the red ripe stage.
Number of fruits per plant was recorded from all harvesting fruits.

7- Average fruit weight (gm).

8- Unmarketable fruits: fruits defects such as cracks, blossom-end rot and
small mature fruits were accounted from all harvesting fruits.

3
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B- 'nheritance of heat tolerance

Based on a previous evaluation trial during the summer season of
2C02, four cultivars were selected to serve as parents, i.e. Cal Ace and
Castle rock as heat-sensitive cultivars, while Super Strain B and Chico il as
heat-tolerant cultivars, for made two crosses as following: Cal Ace x Super
Strain B and Castle rock x Chico lII.

In winter 2002 seeds of parents were sown under plastic house to get
the previous crosses. In summer 2003 F, hybrid plants from each cross were
sown and self-pollinated were done to produce F, population seeds. Each F,
hybrid was crossed to both parents to produce Bc, (F; x P;) and Bc; (Fy x Pa).
Sel!f- pollination was also made for the parents to get parents selfed seeds.
Moreover, the parents were crossed to produce more F, hybrid seeds.

Parents, Fy, F, and backcrosses to both parents were sown on April
15, 2004 and transplanted in field experiment on May 15, 2004. The
experimental design was a complete randomized block design with three
replications. Each replicate consisted of 15 plants for each non-segregation
generation (P4, P, and F,) and consisted of 65, 20 and 20 plants for each
segregation generation (F;, Bcy and Bc,) respectively. Drip irrigation system
and fertigation were carried out according to the recommendations. The
following characters were recorded on an individual plant basis of the six
populations for each cross: Pollen viability (%); fruit set (%); average fruit
weight (gm) and total yield (Kg/plant). Data were analyzed according to the
following:

1- Nature of dominance: this is calculated from the relative potency of gene
set (P) according to the formula given by Mather and Jinks (1982) as
follow: P = {Fy = MP}/ {}: (P, — P} where: F, = first generation mean, P,
= mean of the smaller parent, P, = mean of the larger parent and MP =
mid parent value = ¥z (P + P3).

2- Scaling test |: Scaling test 1 provides information regarding absence or
presence of gene interaction, was carried out according to Mather and
Jinks (1982). The parameters A, B and C of epistatic deviation were

calculated as follows: A = 2 B, - P; = F, B=2B,-P,-F
C=4 F2—2F|—P1"P2
VA =4 VB, +VP; + VF, VB =4 VB, + VP, + VF,

VC = 16VF,+4 F,. VP, + VP,

Where, V: variance; P, Py, F,, By, B, and F,: means of parents1 and 2, first
generation mean, backcrosses to parent 1 and 2 and second generation
mean respectively.

Standard errors of A, B and C were obtained to test significant departures
from zero. Significant deviations from zero indicate non- additive of gene
effects.

3- Gene action: estimation of the type of gene effects (m, d and h) in the
absence of non-allelic interaction was obtained using the relationships
given by Jinks and Jones (1958).

4- Heterosis based on the mid parent was estimated according to the formula
given by Mather and Jinks (1982) as follow: Heterosis = {(F; — MP) / MP}
x 100

Where: F, = the first hybrid generation, MP = mid parent
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5- Heritability, in broad sense (h’b) and in narrow sense heritability (h’n) was
estimating according to Sheppard (1973).

6- The expected genetic advance at 5% selection of F, intensity was
computed by using formula suggested by Allard (1960).

7- Scaling test II: this is the ratio between the large variance of one parent to
small variance of the other parent to check the response of interaction
between genetic and environmental effects according to Sheppard
(1973).

RESULT AND DISCUSSION

It is appeared from table (1) that maximum and minimum
temperatures during flowering and fruit setting (June and July) were (2 35°C)
and (2 23 °C) respectively which, reduced the pollen viability and fruit set as
recorded by Schaible (1962), Sug:yama et al (1986) and Stevens and Rudich
(1978).

Table 1: Number of days for the minimum and maximum temperatures
which affecting on flowering and fruit setting during the summer
seasons.

2002 2003 2004

Minimum Maximum Minimum Maximum Minimum Maximum
temperatures temperatures temperatures temperatures|temperatures|temperatures

Month |23-25| 225 | 34-136-| 2 123-25]| 225 | 34- (36-| 2 [23-25| 225 [34-[36-| 2

c °C |36 ([38|38| °C c 136|3813]| %c °C |36|38 |38

e |1 €% (°C o ol e

April - - 2 1 - - 1 1.k 2 - - 1 -

May - - 5 2|2 - - 83 ]2 1 - 911141
June 10 - g9 112]2 - 1 5 112 2 - 111

July 18 11 11 5 7 - 13.1.1 - 19 - 1+ ek Oy O s

August| 17 2 10 14 7 14 251 1 10 1815 |-

* Source: Central Laboratory of Climate, Mmlstry of Alrlculture Dokki, Giza.

A- Evaluation of cultivars for heat tolerance:
1) Number of days to anthesis:

The number of days initiated in the inflorescences as shown in Table
(2) was significantly between the different varieties. This could be attributed
to the high air temperature, which affected the number of days to anthesis.
The anthesis was earlier in a heat- tolerant than in heat- sensitive cultivars as
reported by Lohar and Peat (1998). So, the genotypes i.e. Chico Ill; Peto 86;
Super Strain B and Tallalakhin required 73.28 - 74.49 - 77.95 - 76.16 days in
2002 and 74.79 - 74.35 - 78.81 - 77.56 days in 2003 to flower and classified
as heat-tolerant cultivars. While the genotypes i.e. Cal Ace; Castle rock and
Mobile required 82.75 - 81.83 - 80.33 and 83.12 - 83.83 - 81.66 days to
flower during summer season, 2002 and 2003 respectively and classified as
heat-sensitive cultivars.

2) Pollen viability percentage:
Chico lll; Peto 86; Super Strain B and Tallalakhin cultivars had given
the highast percentage pollen viability (Table 2) and classified as heat-
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tolzrant. Moreover, the obtained results indicated that under heat stress
. dition, both of tolerant and sensitive (Cal Ace; Castle rock and Mobile)
cultivars were affected. Percentage pollen viability ranged from 41.43% to
SU.2% and 36.97 to 48.65 for heat-sensitive cultivars and 55.10% to 64.32%
and 51.53 to 65.28% for heat-tolerant genotypes during the successive
seasons respectively. Similar results were obtained by Phookan et a/ (1997)
who found that pollen viability was varied with cultivars under high-
temperature.

3) Stigma elongation and coloration percentage:

Stigma elongation (stigma extends beyond the tip of the anthredial
corie) and coloration (browning) percentage were commonly occurred in
heat-sensitive as well as heat tolerant cultivars under heat-stress condition
(Table 2). The stigma elongation was usually reduced the self-pollination.
Chico lll and Peto 86 cultivars were tolerant to stigma elongation and
coloration, whereas Cal Ace, Castle rock and Mobile cultivars were sensitive
for these characters under high temperature. Similar results were obtained by
Rudich et al 1977 and EI Ahmadi and Stevens, 1979 on the stigma elongation
and Levy et al 1978; EI Ahmadi and Stevens, 1979; Dane et a/ 1991 and
Lehar and Peat, 1998 on the stigma elongation and coloration.

4) Percentage fruit set:

Heat-stress conditions reduced the percent fruit set in all cultivars
tested (Table 2). Percentage fruit set ranged from 31.25 to 79.00 and from
37.30 to 82.92 during the successive summer season respectively. The
highest cultivars in fruit set were Peto 86 and Chico Ill with no significantly
differences between them. These cultivars were classified as heat tolerant
genotypes based on their fruit-setting ability under high temperatures. In
comparison, the lowest cultivars in fruit set were Cal Ace; Castle rock and
Mobile, which classified as heat sensitive genotypes. Similar results were
obtained by Stoner and Otto (1975) and Phookan et al/ (1997) who found
wide varation among cultivars in the ability to fruit set under high
temperature. Prior studies also have noted a decline in percent fruit set of
heat-sensitive tomato genotypes under high-temperature stress as recorded
by Abdalla and Verkerk (1968); Rudich ef al (1977); Abdul-Baki (1991); Dane
et al (1991); Wessel-Beaver and Scott (1992); Abdul-Baki and Stommel
(1995) and Lohar and Peat (1998). The reduction in fruit set may be due to
the reducticn on pollen viability and the increasing of stigma elongation and
coloration as shown in previous results and which reported by Rudich et al
(1977); Levy et al 1978; Shelby et al (1978); El Ahmadi and Stevens (1979a);
Dane et a/ (1991); Lohar and Peat (1998) and Sato et al (2000).

5) Early and total yield.

Genotypes and environment affect on the early and total yield of
tomato (Table 3). The highest early yielding cultivars were Peto 86 and Chico
Ill, while the lowest early yielding cultivars were Cal Ace and Mobile. These
results agree with those of Nassar et al (1982) who found that Cal Ace
cultivar was the lowest early tomato yield at summer planting in Egypt.
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The heat-sensitive cultivars gave poorly total yield under high
temperature conditions compared with the heat-tolerant cultivars (Table 3).

The least cultivars in yielding were Cal Ace, Castle rock and Moabile,
while the highest yielding cultivars were Chico Ill, Peto 86 and Super Strain B
during the two summer seasons. The results showed that small-fruited
cultivars generally produced more fruits. The increasing of early and total
yield of the heat-tolerant cultivars was due to the increasing of pollen viability,
fruit set and fruit number as shown in previous results.

6) Average fruit weight:

The average fruit weight differed significantly between varieties
during the summer season (Table 3). Data showed that the heat-tolerant
cultivars, i.e. Peto 86 and Chico lll produced small average fruit weight.
These results agreed with those of Dane et al (1991) who found that small-
fruited was less affected by heat stress than larger-fruited cultivars.

Table 2: Number of days to anthesis, pollen viability %, stigma
elongation % and coloration and fruit set % of evaluated
cultivars during summer seasons, 2002 and 2003.

Pollen Stigma Stigma :

viability elongation coloration Fni':,/t )s "

(%) (%) (%) -

Days to

Cultivars Bt

2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 [ 2003 | 2002 | 2003
Cal Ace 82.75 | 83.12 | 47.65 | 36.97 | 47.20 [ 50.85 | 23.48 | 28.44 | 31.25 | 37.30
Castle rock) 81.83 | 83.83 | 41.43 | 39.19 [ 48.17 | 51.06 | 25.70 | 29.33 | 38.19 | 37.71
Chico lll | 73.28 | 74.79 [ 64.32 | 65.28 | 15.74 | 17.20 | 12.14 | 14.43 | 79.00 | 82.92
Mobile| 80.33 | 81.66 | 50.2 | 48.65 | 46.35 | 48.31 | 30.64 | 30.78 | 38.22 | 40.00

Peto 86 74.49 | 74.35 | 61.43 | 83.76 | 27.14 | 30.29 | 14.83 [ 14.34 | 76.94 | 76.00
Super Strain B| 77.95 | 78.81 | 59.38 | 54.38 | 38.12 | 42.37 | 19.82 | 20.24 | 69.99 | 72.75
Tallalakhin| 76.16 | 77.56 | 55.10 | 51.53 | 31.89 | 44.37 | 13.73 | 19.67 | 48.47 | 53.42
L.S.D.(0.05)] 567 | 589 [12.79]10.11 [10.43 ] 9.91 | 389 | 573 | 8.34 | 9.74

7) unmarketable fruits:

High temperature increased the incidence of unmarketable fruits
(Table 4), which included cracks, blossom end rot, and smail mature fruits.

Unmarketable fruits were rare in the heat tolerant cultivars compared
with the heat-sensitive cultivars. Defected fruits of heat-sensitive cultivars
were ranged from 17.43 to 25.10% and 22.20 to 27.88%, while those of heat-
tolerant cultivars ranged from 8.81 to 11.26% and 12.63 to 19.95% of the
total fruits during the successive seasons respectively. Similar results were
obteined by Abdul-Baki (1991) who found that high temperature increased
also the incidence of fruit defect and reduce the fruit quality. These results
also agreed with those of Levy et al (1978), Hanna and Hernandez (1982)
and Wessel-Beaver and Scott (1992) who found that high temperature was
caused drastic reduction in fruit quality.
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Tahle 3: Yield and average fruit weight of evaluated cultivars during
summer seasons, 2002 and 2003.

Early yield Number of fruits | Total yield Ave:z'geh:ru:t
Ciiltiins (Kg\ plant) per plant (Kg\ plant) (glrst;\)

2002 | 2003 | 2002 2003 | 2002 | 2003 2002 2003
[Cal Ace 0.31 026 | 20.10 | 19.30 | 1.48 1.45 102.07 | 98.61
| Castlerock| 0.34 0.43 23.23 249 1.50 1.53 96.61 97.45
‘Chico lll 0.64 0.52 43.41 43.23 1.73 1.79 43.26 45.29
Mobile| 0.31 0.20 18.77 19.91 1.38 1.39 95.32 93.86
Peto 86 069 | 055 | 2841 | 27.89 [ 1.70 1.85 68.67 69.61
Super Strain B 053 | 045 | 25.81 23.79 | 1.72 1.67 94.32 94.39
Tallalakhin| 0.52 | 043 | 26.26 [ 2569 | 1.62 1.66 75.07 79.98
L.5.D.(0.05)] 0.07 | 0.21 2.06 3.43 0.0 | 0.12 8.34 6.59

Table 4: Fruits defect (%) of evaluated cultivars during summer
seasons, 2002 and 2003.

Cracks Blossom-end rot Small mature fruits
Cultivars % % %

2002 2003 2002 2003 2002 2003
Cal Ace 10.64 12.8 4.02 5.71 7.07 9.37
Castle rock 12 9.30 3.58 432 6.64 8.58
(Chizo [If 2.01 3.48 1.93 3.10 4.87 6.41
! _Mobile 11.73 13.48 5.09 3.69 8.28 10.25
Peto 86 2.72 4.14 2.35 2.45 4.38 6.04
Super Strain B 3.08 5.28 2.93 3.14 5.25 6.59
Tallalakhin| 5.55 6.40 2.49 6.94 5.51 6.61
L.S.D. (0.05)] 1.9 0.74 0.48 0.94 0.28 0.70

B- Genetics of heat toerance:
1- Pollen viability percentage

Data of the inheritance of the percent pollen viability in the crosses
Cal Ace x Super Strain B and Castle rock x Chico IIl are shown in Table (5).
Data reveaied that there were wide differences between the two parents in
the two crosses for this character. The greater coefficient of variability (CV%)
in the previcus crosses was obtained from segregating populations, i.e. F,
and Bc, in the first cross and F; in the second cross respectively. These data
indicated the effects of both environment and genetics in the inheritance of
this trait. Moreover, the continuous distribution of the F, in the two crosses
indicated that percent pollen viability behaved as a quantitative character.

The potency ratio (P) o the two previous crosses was 0 and — 0.11
respectively (Table 6) which indicating, the absence of dominance in the first
cross and partial dominance toward the lower pollen viability percentage in
the second cross.

The A, B, and C values of scaling test of the previous crosses (Table
7) were not significant which indicating the absence of non-allelic interaction.
The compcnent of generziion mean (Table 8) indicated that th= additive
effect appeared to be important in the inheritance of this character during the
two previous crosses. This result agreed with that obtained by Dane et al
(1981) who obtained that pollen fertility under heat stress was governed by
an additive gene system.
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Estimates of broad and narrow sense heritability ware 58.23, 58.23 and
54.50, 54.31 % in the two previous crosses respectively (Table 6). These
results indicated that, prevailing environment had moderate effects on the
expression of this character. Moreover, the scaling test Il in the first cross
was not significant, indicating that the environmental conditions act
independently. While in the cross Castle rock x Chico Il the scaling test Il
was significant, indicating the presence of interaction between genotype and
environment for this character.

The expected genetic advance (EGA) in selection for pollen viability
percentage in 5% F; mean was 20.34 and 16.15 % in the two previous
crosses respectively (Table 6). Negative heterosis was estimated as -2.10 %
in the cross Castle rock x Chico Ill (Table 6).

Table 5. Frequency distribution ior pollen viability percentage of
parental, F,, F,, BCP, and BCP, populations in the crosses Cal
Ace x Super Strain B and Castle rock x Chico lll.

Class | Cal Ace x Super Strain B Castle rock x Chico lll

center P| Pz F1 | Fz ]BCP1 Bcpz Pt Pz F1 Fz BCP1 BCP:
18 3 | [ 5 11

23 5 14 5 4 8 8

28 4 | 17 10 6 4 14 10

33 8 | 4 25 8 6 8 29 9

33 4 | T 18 9 6 i 3 7 12 10 6
43 8 | 2 5 12 7 8 6 5 7 20 10 12
43 7 1.3 7 14 6 4 8 6 7 22 5 10
53 6 | 4 6 12 ] 7 3 12 4 25 8 7
£8 3 6 4 13 7 11 10 6 21 15
63 12 6 24 9 9 2 15 10
68 g 6 24 8 18

i3 6 13 T

78 3

INO.P™| 45 45 45 195 60 60 45 45 45 185 | 60 | 60
Mean | 38.66 |62.88| 50.77 | 46.87 | 37.25 | 56.58 | 35.88 [53.33] 43.66 | 45.20 |37.25(51.68
Sx 11.94 | 894 (| 11.35(16.96 1288 11.08 | 10.73 | 7.49 [ 10.20 [ 14.44 | 9.69 | 8.28
s? 142.72[80.10(129.04/287.89|165.95/122.95({115.33/56.13|104.09/208.77|93.91 |68.72
C.V% 130.88 [14.21]22.35]36.18 | 34.57 | 19.58 [ 29.90 [14.04| 23.36 | 31.94 [25.01(16.05
P.d " 10.90** 8.99**

NO.P™ : No. of plants P.d.' : Parental differences

2- Fruit set percentage:

The inheritance of the fruit set percentage in the crosses Cal Ace x
Super Strain B and Castle rock x Chico lli are shown in Table (9). Data
revealed that there were wide differences between the two parents in the two
crosses for the percentage of fruit set. The greater coeficient of varizbility in
the two crosses was obtained from seg. agating populations, i.e. F; indicating
that, both environment and genetics were involved in the inheritance of the
fruit set percentage. The frequency distribution of F2 plants in two crosses
was continuous, indicating that this character was quantitatively inherited.

The potency ratio of the two previous crosses was 0.97 and 0.82
respectively (Table 6) which indicating, the partial dominance toward the high
percent fruit set.
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The values of scaling test | of the two previous crosses (Table 7) was
not significant, indicating the absence of non-allelic interaction. The
component of generation mean (Table 8) indicated that the additive effect
appearad to be important in the inheritance of percentage fruit set during the
two previous crosses. This result agreed with that obtained by Hanna and
Hernandez (1982) and Dane et al (1991) who mentioned that fruit set
percentage under heat stress was governed by an additive gene system.
This result disagreed also with that obtained by Sherif and Hussein, 1992
The different results may be due to the different genetic materials studied.

Table 6: Potence ratio Sp), broad sense heritability (h’b), narrow sense
heritability (h°n), Heterosis (H%), scaling test Il (ST Il) and
Expected genetic advance (EGA) for some economic
characters in tomato for the cross Cal Ace x Super Strain B
and Castle rock x Chico Iil.

e Fruit set Total yield Average fruit
Pollen viability % o (Kg/ Plant) weight (gm)
Characters 7 3 3 5 ] 5 2L-
P 0 -0.11 0.97 0.82 3.39 11.47 0.85
h*b% 58.23 54.50 58.28 77.42 70.38 86.15 64.87
h*n% 58.23 54.31 58.93 78.83 70.42 86.21 65.35
H% 0 -2.10 2775 | 2874 28.11 97.26 29.65
STl 1.78 205" 1.02 2.15* 1.06 2.79* 1.39
EGA 20.34 18.15 | 28.05 | 24.42 | 699.34 | 1377.04 40.37
1: Cal Ace x Super Strain B 2: Castle rock x Chico Ill

Table 7: Scaling tests (A, B and C) for some econcmic characters in
tomato for the cross Cal Ace x Super Strain B and Castle rock

x Chico lll.
Cal Ace x Super Strain B Castle rock x Chico lll
Characters A B [ A B Cc
pollen viability % -14.93 -0.27 -15.38 -5.04 6.17 4.27
Fruit set % -9.42 401 | -19.87 6.3 0.36 -8.44
Total yield 304.35 441.47 | 833.02 | -702.33 | -133.77 | -300.40
Average fruit weight -17.06 3.06 24 .42

Estimates of broad and narrow sense heritability were 58.28, 58.93
and 77.42, 78.83 % in the two previous crosses respectively (Table 6). These
results indicated that, the genetic variance was greater than the
environmental one. Moreover, the scaling test Il in the first cross was not
significant which mear.s that the environmental conditions act independently.
While in the cross Castle rock x Chico Ill the scaling test Il was significant
indicating the interaction between genotype and environment for this
character.

The expected genetic advance in selection for fruit set percentage in
5% F; mean (Table 6) was 28.05% and 24.42% in the two previous crosses
respectively. The high heritability and genetic advance values for percentage
of fruit set on the previous crossss showed that effective selection may be
made for percentage of fruit set during this crosses. Positive heterosis was
estimated as 27.75 and 26.74 % in the two previous crosses respectively
(Table 6). Similar result was obtained by Hanson et al (2002) who estimated
the heritabilities of fruit set under high temperatures as 31% and 21%.
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‘ Table 8: Components of generation mean for some economic
characters in tomato for the cross Cal Ace x Super Strain B
and Castle rock x Chico lIl.

L Fruit set Total yield Average fruit
Characters | Follen viability % % (Kg/ Plant) weigl?t (gm)
[ 1 2 1 2 1 2 2
M | 50.59 47.74 37.45 33.44 | 1502.74 | 2034.85 96.58
D | 80.77" 4460 |51.91** | -15.64*" |1415.54**] 1499.15"" 58.16**
H | -15.06 -36.09 38.44 49.84 969.41 1585.53 -73.59
1: Cal Ace x Super Strain B 2: Castle rock x Chico Il

Table 9: Frequency distribution for fruit set percentage of parental, F,,
F,, BCP, and BCP, populations in the crosses Cal Ace x Super
Strain B and Castle rock x Chico Ill.

Class | Cal Ace x Super Strain B Castle rock x Chico lll

center P, | P, Fy F; BCP, BCP, P, P, Fy F, BCP, | BCP,
18.5 g | 19 6 6

26.5 7 | 25 8 23 14

345 ) | 2 20 11 9 19 10

42.5 g 7 | 4 14 6 12 12 3 18 15 10
50.5 5 4 | 5 25 8 4 1 4 38 8 6
58.5 4 5 4 B 12 4 6 5 15 43 20 6
68.5 1 a | 9 16 T 7 36 19 39 T 16
745 1 T 1 8 22 8 9 4 12 22
82.5 4 6 26 2 10 6

90.5 5 16 12

NO.P"T| 45 45 | 45 195 60 60 45 45 45 | 195 60 60
Mean | 37.16 | 66.67 | 66.32 | 54.15 | 47.03 | 68.5 [32.90/64.18/61.52/52.92] 50.36 | 63.03
Sx 215 | 217 | 235 | 168 | 249 | 2.26 [ 7.35[5.00 | 8.05 [15.20] 10.56 | 11.90
CH 209.45/213.78/248.69|551.71]{371.77/307.25]54.10(25.08|64.84|231.3/111.71]141.81
C.V% |38.93]21.92 | 23.77 | 43.36 [ 40.99 | 25.57 [22.35] 7.80 [13.08|28.72| 20.95 | 18.87
Pid. " 9.64™ 23.69*"

NOC.P™ : No. of plants P.d. @ : Parental differences

Total yield (gm/ plant):

The inheritance of total yield in the crosses Cal Ace x Super Strain B
and Castle rock x Chico Il are shown in Table (10). Data revealed that there
were wide differences between the two parents in the two crosses for this
character. The greater coefficient of variability was obtained from segregating
populations, i.e. F2 in the two previous crosses. These data indicated the
effects of both environment and genetics in the inheritance of this trait.
Moreover, the continuous distribution of the F2 population in the two crosses
indicated that the total yield behaved as a quantitative character.

The potency ratio of the two previous crosses was 3.39 and 11.47
respectively (Table 6) which indicates over dominance of the high total yield
was responsible for the inheritance of total yield.

The values of scaling test of the two previous crosses (Table 7) were
no significant, indicating the absence of non-allelic interaction. The
component of generation mean (Table 8) indicated that the additive effect
appeared to be important in the inheritance of total yield during the two
previous crosses.
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Table 10: Frequency distribution for total yield (gm/ Plant) of parental,
Fi, F;, BCPy and BCP; populations in the crosses Cal Ace x
Super Strain B and Castle rock x Chico Ill.

Cal Ace x Super Strain B
S;"{:r P, P, By Fs BCP, BCP;
750 3 2
1051 12 4 18
1362 20 18 6 35 10 15
1653 10 15 14 39 23 18
1954 8 20 42 13 3
2255 5 41 4 12
2556 11 12
2857 ]
3158 2
NO.P™T 45 45 45 195 60 60
Mean 1298.48 1532.60 1813.53 1822.79 1708.18 1893.8
Sx 259.00 267.68 261.46 482.23 238.31 456.32
5 67081.36 71657.15 68362.57 232549.75 56791.98 208228.73
CV% 19.94 17.46 14.41 ! 26.45 13.95 24.09
P.d. " 4.21™

Castle rock x Chico Il
E;:i:r P, P, E, Fa BCP, BCP,
750 6 4
1051 12 4 19
1352 10 5 25 9
1653 T 27 22 21 10
1954 10 9 25 19 18
2255 2 23 11 8
2556 1 24 16
2857 22 21 8
3158 20 16
3459 16
NO.P" 45 45 45 195 60 60
Mean 1372.06 1626.24 2957.33 2153.14 1813.53 222.49
Sx 412.90 247.06 222.30 775.39 290.44 402.31
s° 170494 61 61041.28 49418.72 601238.03 84356.18 161853.31
C.V% 30.09 15.19 7.52 36.01 16.01 18.08
Pd.™ 3.57
NO.P™": No. of plants P.d. 7 Parental differences

This result agreed with that obtained by Sherif and Hussein (1992)
and Chadha et al (2001) who obtained that total yield under heat stress was
governed by an additive gene system. On the contrary results disagreed with
that ottained by Roopa et al (2001). The differed results may be due to the
different genetic materials under studies. The ratio of broad and narrow
sense heritability were 70.38, 70.42, and 86.15, 86.21 % in the two previous
crosses respectively (Table 6). These results indicated that, the genetic
variance was greater than the environmental one. This was confirmed by
scaling test Il which indicated that the environmental conditions act
independently in the first cross while, in the cross Castle rock x Chico lll
pointed to the existing of interaction between genotype and environment for
this character. Estimating of the expected genetic advance values in selection
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the total yield in 5% of F, plants were 699.34 and 1377.04 gm of F, means in
the two previous crosses respectively (Table 6). The high heritability and
genetic advance values for total yield on these crosses showed that effective
selection may be made for percentage of total yield. Similar result was
obtained by Ghosh et al (1995) and Parvinder Singh et a/ (2002) who found
that heritability and genetic advance were high for yield /plant.

Positive heterosis was estimated as 28.11 and 97.26 % in the two
previous crosses respectively (Table 6).

Average fruit weight(gm):

Depending on the results of the evaluation trail (Table 3) Cross
Castle rock x Chico Il was used according significance between parents
while, the cross Cal Ace x Super Strain B excluded regarding of
insignificance between his parents. Data presented in Table (11) revealed
that, average fruit weight between both parents (Castle rock and Chico IlI)
used differed significantly. The greater coefficient of variability was obtained
from segregating populations, ie. F; and Bc, indicating that, both
environment and genetics were involved in the inheritance of this character.
Moreover, the continuous distribution of the F2 population indicated that the
average fruit weight behaved as a quantitative character.

The potency ratio (Table 6) was 0.85 which indicating, the partial
dominance toward the high fruited character. Different types of dominance
were recorded by Abdel-Ati et a/ (2000). The differed results may be due to
the different genetic materials studied.

The values of scaling test (Table 7) were not significant, indicating
the absence of non-allelic interaction. The component of generation mean
(Table 8) indicated that the additive effect appeared to be important in the
inheritance of average fruit weight during the two previous crosses. This
result agreed with that obtained by Sherif and Hussein (1992) who found that
average fruit weight under heat stress was governed by an additive gene
system. This result disagreed with that obtained by Roopa et al (2001).

The broad and narrow sense heritability reached to 64.87, 65.35% in
this cross (Table 6). These results indicated that, the genetic variance was
greater than the environmental one. This was confirmed by scaling test Il
indicated that the environmental conditions act independently. Similar result
was obtained by Sherif and Hussein (1992) and Abdel-Ati et al (2000) on
narrow and broad sense heritability respectively. Estimation of the expected
genetic advance value in selection the average fruit weight in 5% of F; plants
were 40.37 gm (Table 6). The high heritability and genetic advance values for
average fruit weight on this cross-showed that effective selection might be
made for average fruit weight. Positive heterosis (Table 6) was estimated as
29.65 % in this cross.

CONCLUSION

In general, it can be concluded that Peto 86, Chico I, Super Strain B
and Tallalakhin cultivars were classified as heat-tolerant cultivars. Moreover
the hybrid Castle rock x Chico Il were recommended for the development of
high fruit setting ability and total yield under summer season.
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Table 11: Frequency distribution for average fruit weight (gm) of
parental, F,, F,, BCPy; and BCP, populations in the crosses
(.l‘,astle rock x Chico lll.

Castle rock x Chico lll

Class center P, P, [ F, BCP, BCP,
23.5 14 18 5
39.5 21 5 23 9 15
55.5 | 6 10 11 35 19 14
1.5 | 19 7 44 12 18
87.5 \ 15 12 23 15 11
103.5 ! 5 10 28 5
1195 | 17
135.5 | 5
151.5 | 2
NO.P™ | 45 45 45 195 60 60
Mean [ 78.25 38.07 75.41 72.89 68.30 58.27
Sx 13.85 11.72 21.60 29.99 19.49 26.60
S* 181.87 137.56 467.26 899.61 380.09 707.95
C.V% 17.69 30.78 28.64 41.44 28.53 45.64
o i 14.80""
NO.P" : No. of plants P.d. ' : Parental differences
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