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COMBINING ABILITY AND HETEROSIS FOR YIELD AND QUALITY
TRAITS OF F1 HYBRIDS IN TOMATO (Solanum lycopersicum L.)

By

ASMAUL HUSNA
ABSTRACT

The experiment was carried out at Sher-e-Bangla Agricultural University, Dhaka-
1207, Bangladesh, during the period of October, 2017 to March, 2018 and November
2018 to March 2019 to study combining ability and heterosis in intraspecific hybrids
of some tomato genotypes. With eight tomato genotypes viz. G1 (SL-006), G2 (SL-
007), G3 (SL-008), G4 (SL-009), G5 (SL-0010), G6 (SL-0011), G7 (SL-0012) and G8
(SL-0013) the experimental field was organized in Randomized Complete Block
Design (RCBD) in three replications. In this study nineteen characters including both
agromorphogenic, nutritional and physiological were taken under consideration. High
general combining ability observed in parents G1, G3, G5 and G6 for one or more
yield contributing traits. Characters like days to 1% and 50% flowering, number of
cluster per plant, fruit per cluster, fruit per plant, fruit wt, fruit area, relative water
content, fruit pH and yield were governed by non-additive gene action. The maximum
SCA effects was observed in the cross combinations G2xG1for higher yield and
lowest in G2xG7 for days to first and 50% flowering and G2xG1 for early maturity.
Highest desirable significant heterobeltiosis for yield related characters was expressed
by the F; hybrids G2xG6 (Plant height), G3xG6 (branch number), G2xG8 (cluster
number), G4xG3 (average fruit in one cluster), G2xG8 (fruit per plant), G1xG6 (fruit
wt.), G5xG2 (fruit area) whereas, negative heterosis was highest in the crosses G3xG5
(1% flowering), G3xG5 (50% flowering) and G1xG8 (maturity days). Most of the
chemical traits showed significant heterosis. Thus, these three combinations could be
feasible for further selection to obtain high yielding, short duration and longer shelf
life.

Xi
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CHAPTERII

INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the important Solanaceous
vegetables with the chromosome number 2n = 24 that grows extensively
throughout the world (Jenkins, 1948). The genus ‘Lycopersicum’ includes nine
species, among them only two are cultivated- Solanum lycopersicum L. (common

tomato) and Solanum pimpinellifolium L. (currant tomato) (Rashid, 1999).

Once tomato was considered poisonous and inedible, howewver, gradually it has
become one of the most popular and worldwide consumed vegetable at present. In
Bangladesh tomato is an exogenous crop. It was originated is Peru, Equador
region (Rick, 1969). Some scientists opt that the native of tomato is the new world
(The America) i.e., the Andean region which includes part of Bolivia, Colombia,
Chili, Ecuador and Peru. According to Heisar (1969), tomato gradually spread
from its native land to European countries and rest of the world. Wild cultivars of
tomato were found in the tropical rain forests of South America. At present tomato
iIs grown in almost all countries around the world except the colder 15 regions

(Hannan et al., 2007).

Although tomato is atropical day neutral nightshade plant, it is well grown in sub-
tropical region in Bangladesh. The area and production is increasing day by day
while the national average yield of tomato is 10 tons per ha (Anonymous, 2014). It
grows in 68,366 acres of land with a production of 388725 M. Ton in Bangladesh,
(BBS, 2018). Tomato grows well at much latitude and under a wide range of soil
types and different methods of cultivation (Villareal, 1980). Fruit setting is
optimum at 15 to 20°C night temperature (Charles and Harris, 1972; Schiable,
1962). So, winter season is the most preferable for tomato cultivation in
Bangladesh. It is a self-pollinate crop but a certain extent of cross pollination may

also take place.



Tomatoes are also known as “Poor man's apple” for their low price and
availability. It is second most important vegetable crop after potato. It has become
one of the most important and popular vegetable in Bangladesh because of its
diverse use, nutritional value and good taste. It is consumed either fresh or cooked
like juice, sauce and many more. It is an important source of Vitamin A, Vitamin
C and some minerals. Tomato has some medicinal values like tomato pulp and
juice are digestion, blood purification and is mild aperients. Tomato contains
antiseptic properties against intestinal infestations and antioxidant property as it
has ascorbic acid and lycopene content in it. It is an important source of -
carotene. At present, tomato is one of the most important raw materials for

different food industries.

A genotype promising for a particular trait will not always transfer its favorable
alleles naturally to its progenies successfully. Diallel crosses are used to estimate
the allele transfer capacity, which is genetically designed and widely exploited in
breeding programs for numerous species and purposes, including for tomato
(Maluf, 2001). Diallels are genetic designs that partition the sum of square of
treatments in combining ability effects of the parents, providing researchers with
important information, e.g., about the predominant gene action in trait expression,
heterosis of hybrid combinations and also which breeding strategy is the most

indicated (Cruz et al., 2012).

Combining ability is one of the most effective tools to understand the genetic
capability of parents and their hybrids to identify the best combiner that may be
further used in crosses either to exploit heterosis or to accumulate fixable genes. It
helps to know the genetic architecture of various characters that enable the breeder
to design effective breeding plan for future up through gradation of the existing
materials. This information also assists the breeders to select diversified parents
and hybrid combinations. The performance of hybrid combinations helps to access

the genetic advancement of the existing tomato genotypes.
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Heterosis is considered more and more as a basic, highly effective breeding
method applied in an ever-growing number of agricultural crops for dewveloping
early, high-yielding, uniform cultivars, which combine additionally a number of
other valuable economic characters. It is well known that the use of heterosis
effect in F, after crossing different species, cultivars or inbred lines, has opened
wide new vistas for the breeding of cultivated crops. At the beginning of the
twentieth Century Hedrick and Booth (1907) observed heterosis effect in
tomatoes. Somewhat later East and Hayes (1912) pointed out that tomato F;

crosses could have considerable practical value because crossing is relatively easy.

In Bangladesh open pollinated tomato varieties are mostly cultivated and recently
exotic hybrid varieties are being introduced due to their high yielding potential.
Seed of those hybrid varieties are very costly and due to unique nature of hybrid
variety, tomato growers need to buy seed every season. To increase the production
of tomato in the country, exploitation of hybrid technology might be a fruitful
alternative. Considering necessity, demand and scope the present investigation

was undertaken with the following objectives:

1. To analyse combining ability in F; and their parental lines
2. To determine the heterosis over mid parent and better parent and
3. To identify cross combinations for further investigation and regional

yield trial.
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CHAPTER I

REVIEW OF LITERATURE

Tomato always grows attention of the researchers as an important vegetable crop
because of its nutritional value, growth habit, adoptively, productivity and
availability everywhere in tropical, sub-tropical and temperate regions. Also the
breeding of this crop is comparatively easy going and a lot of variation can be
occurred through different breeding techniques. In this chapter, literature related to
the combining ability, mode of gene action and heterosis have been reviewed and

presented chronologically.
2.1 Combining Ability

In quantitative genetics two types of combining ability-general and specific, are
studied. The genetic values of parents are expressed in terms of combining ability.
Sprague and Tatum (1942) introduced these two combining ability and defined as
the term 'general combining ability' is used to designate the average performance
of aline in hybrid combination and 'specific combining ability' is used to designate
those cases in which certain combinations do relatively better or worse than would
be expected on the basis of the average performance of the lines involved. General
combining ability is due to genes, which are largely additive in their effects and
specific combining ability is due to the genes with dominance or epistatic effect.
Here, in this part, an attempt has been made to review those early studies on

combining ability of tomato are directly related to the present investigation.

Reddy et al. (2017) used forty hybrids generated from crossing ten lines with four
testers for combining ability analysis in tomato. The general combining ability
(GCA) and specific combining ability (SCA) were significant for all the
characters, indicating the importance of both additive and non-additive genetic

components. But it is found that there was predominance of non-additive genetic



components for expression of different traits in the present set of materials.
Amongst the lines, CO-3, Pant T-3 and Flawery were best general combiners for
yield along with other traits, whereas among the testers H-24 and H86 were best
general combiner for yield along with other traits. The most promising specific
combiners for yield and other traits were Flawery x Sel-7, Fla-7171 x Azad T-5,
GT-20 x Azad T-5, C0-3 x Sel-7, B-S-31-3 x H-24. Hence, the present study was
carried out to obtain information on combining ability involved in expressing the
different characters in tomato. High GCA effect of variety CO-3 was associated
with its high GCA effect for primary branches per plant, fruits per plant, average
fruit weight and yield per plant. The good combining ability of line T-3 was due to
high fruits per cluster, fruits per plant and yield per plant. Among the female
parents, H-24 and H-86 were the best general combiners for yield per plant along
with high GCA for fruits per plant and average fruit weight. It was followed by for
number of fruits per plant 'B-S-31-3', 'Sel-7' and 'Pant T-3', and for average fruit
weight 'H-24", 'CO-3' and 'Punjab Upama' were good general combiners in desired
directions. It is observed that a total of 16 crosses exhibited positive and
significant SCA for yield per plant. The promising combinations for yield were
'Flawery x Sel-7' followed by 'Fla-7171 x Azad T-5' and 'GT20 x Azad T-5'. It is
observed that majority of the crosses with high SCA for yields were involved with
high/low or average/low combining parents. But very few crosses showing
low/low general combiners showed high SCA. The cross combinations showing
high negative SCA for days to flowering (earliness) were Pant T-3 x Sel-7,
'EC521087 x H-24', 'Flawery x H-86' and 'B-S-31-3 x H-86'. For plant height,
estimates of SCA are desirable and the good specific combiners were B-S-31-3 x
Azad T-5, Flawery x Sel7, Fla-7171 x Azad T-5 and Kashi sharad x H-86. The
cross combinations viz., 'GT-20 x H-86"and 'T-Local x H-86" were good specific
combiners for primary branches per plant. The best specific combiners for flowers
per cluster were Flawery x Azad T-5, Punjab Upama x H-24, Kashi sharad x Azad
T-5 and T-Local x H-24. The cross combinations viz., T-Local x H24, Kashi

5



Sharad x Azad T-5 and Flawery x Azad T-5 showed higher SCA for fruits per
cluster. For number of fruits per plant, the cross of Pant T-3 x H-24, Fla-7171 x
Azad T-5, Punjab Upama xH-86 and B-S-31-3 xH-24 exhibited high specific
combining ability for the trait. Cross GT-20 x Azad T-5 and Fla-7171 x H-86
showed high SCA for average fruit weight.

Panchal et al. (2016) carried out combining ability analysis in a field experiment
through line x tester method using a set of 40 genotypes of tomato including seven
females, four males, their 28 single F; hybrids and one standard check (Abhinav)
for ten characters. Among the female parents, JTL-12-04, JTL-12-10 and JTL12-
12 are identified as the best general combiners for fruit yield per plant. It also
exhibited significant and desirable GCA effects for primary branches per plant,
plant height, number of primary branches per plant, average fruit weight and some
of its direct components. Among the testers, JT-3 and AT-3 exhibited significant
and high positive GCA effects for fruit yield per plant and also other characters
like, number of primary branches per plant, number of fruits per plant, first
flowering node and other important traits. Parents, JTL-12-14 and GT-1 were
proved to be poor general combiners for majority of the traits under study. High
GCA effects for such characters have been also been reported in tomato by Yadav
et al. (2013), Angadi et al. (2012), Kumari and Sharma (2012), Shende et al.
(2012), Souza et al. (2012) and Singh et al. (2011). None of the parents was best
general combiner for all the traits indicating differences in genetic variability for

different characters among the parents.

In the similar study, SCA effect in 13 hybrids was highly significant for fruit yield
per plant. The good general combining parents when crossed do not always
produce high SCA effects. In the same way, poor general combiner parents do not
always produce exhibit lower SCA effects. Shankar et al. (20134, b), Yadav et al.
(2013), Angadi et al. (2012), Angadi and Dharmatti (2012), Kumari and Sharma,
(2012), Shende et al. (2012), Souza et al. (2012), Singh et al. (2011), Singh and

6



Asati (2011), Singh et al. (2010) and Virupannavar et al. (2010) also reported
positive and significant SCA effects for fruit yield per plant in tomatoes. Again,
Chandrasekhar and Rao (1989) evaluated progenies and parental genotypes
reported significant variations of GCA and SCA. SCA effects were significant and
29 positive in 6 crosses for plant height fruit weight and yield. ‘Pusa Early Dwarf’
was the best general combiner. Bhutan et al. (1988) reported the non-additive type
of gene action for the control of number of fruits in tomato and yield per plant in

tomato.

In 2014, Bhavna et al. experimented on diallel analysis to study the combining
ability in tomato for fourteen characters including fruit yield and its component
characters and found that both additive and non-additive variances were
significant for fruit yield and its related traits indicating their improvements in the
expression of various traits. The magnitude of non-additive variance was higher
for fruit yield and its contributing traits indicating predominant role of non-
additive gene action in the inheritance of the traits. Similarly, Farzane et al. (2012)
conducted a study on 10 x 10 diallel cross set of tomato including reciprocals to
find out the combining ability for yield per plant (kg) and yield components
(number of fruits per plant, individual fruit weight (g)) and locule number.
Significant differences among genotypes were obtained for all of traits. The
variances for general combining ability (GCA) and specific combining ability
(SCA) were highly significant indicating the presence of additive as well as non-
additive gene effects except the number of fruits per plant and relative magnitude
of these variances indicated that additive gene effects were more prominent for all
of the traits. The tomato genotype ‘Mb3’ proved to be the best general combiner

for yield and number of fruits per plant.

Sharma (2014) found the most promising general combiners were PT-2009-02 for
fruit yield per hectare, fruit yield per plant, average fruit weight, number of locules

and pericarp thickness, S-816 for plant height, branches per plant and number of

7



locules, PT-1 exhibited the highest general combining ability for days to first
harvest and days to last harvest. PT-20 for plant height, fruit length and fruit
width, PT-09-06 for number of seeds per gram and number of fruit per plant, S-06-
1 for TSS at immature stage, turning stage and red ripe stage. Most promising
hybrids exhibiting significant sca effects were, PT-19 x Punjab Chhuharafor fruit
yield per hectare, fruit yield per plant and average fruit weight, PT-41 x Punjab
Chhuhara for dwarfness and number of locules, PT-19 x PT-3 and PT-11 x PT-3
for earliness, PT-41 x Roma for number of fruit per plant and tallness, PT-20 x
Pumjab Chhuhara for fruit length ripe stage, fruit width for higher number of seeds
per gram, PT-1 x Punjab Chhuhara for fruit width and PT-09-06 x Punjab
Chhuhara for pericarp thickness. The combining ability analysis indicated the
importance of both additive and non-additive gene action for different growth,

yield and fruit quality characters.

In an experiment by Al-Daej (2014) the cross 1x4 proved the best for fruit length,
diameter, firmness and weight; 1x7 for number of locales; 2x4 for TSS and the
lowest fruit thickness over mid-parents. The variance values of general combining
ability (GCA) were higher than the specific combining ability (SCA) for all the
traits except the fruit thickness. While, additive and none additive components
were similar in fruit thickness. Conclusion: The SCA effects showed that the cross
1x4 was the best in fruit weight, 1x6 in firmness, 2x3 in fruit diameter and weight,
2x5 in number of locales, 2x6 in fruit thickness and 2x7 in TSS. The magnitude of
additive variance was more pronounced for all the seven characters of interest of
fruit quality both when F = 0 and F = 1 except for fruit thickness. The presence of
excess additive variance was confirmed by the study results for most of the
investigated traits of tomato crop. The study findings indicated the improwved lines
and testers for histerosis analysis for cross pollination to obtain improved tomato
high quality and high yielding cultivars. The cross 1x4 proved the best for fruit

length, diameter, firmness and weight; 1x7 for number of locales; 2x4 for TSS and



the lowest fruit thickness over mid-parents. The variance values of general
combining ability (GCA) were higher than the specific combining ability (SCA)
for all the traits except the fruit thickness. While, additive and none additive
components were similar in fruit thickness. The SCA effects showed that the cross
1x4 was the best in fruit weight, 1x6 in firmness, 2x3 in fruit diameter and weight,
2x5 in number of locales, 2x6 in fruit thickness and 2x7 in TSS. The magnitude of
additive variance was more pronounced for all the seven characters of interest of
fruit quality both when F = 0 and F = 1 except for fruit thickness. The presence of
excess additive variance was confirmed by the study results for most of the
investigated traits of tomato crop. The study findings indicated the improved lines
and testers for histerosis analysis for cross pollination to obtain improved tomato

high quality and high yielding cultivars.

In a study with thirteen parental lines were crossed in line X tester fashion
comprising 10 lines and 3 testers by Kumar et al. in 2013. The analysis of
components of genetic variance for yield components showed that the main part of
genetic variance was due to additive effect. Estimation of general combining
ability (GCA) for yield and earliness showed that Pant T-3 had the highest GCA
for increasing yield and Punjab Upma had the highest GCA for both earliness and
average fruit weight. Cross combination CO-3 X Azad T-5 exhibit significant
specific combining ability (SCA) for the most of desirable traits among all cross
combinations. An overall appraisal of gca effects revealed that among parents H24
emerged out as good general combiner for plant height, days to 50% flowering,
fruits per cluster and total yield per plant whereas, line DT-2 traced out good
general combiner for days to 50% flowering, average fruit weight and TSS and
CO-3 for days to 50% flowering and total yield per plant. Among the parents
Punjab Upma was found to be good general combiner for plant height, days to
50% flowering, and total yield per plant. Pant T-3 for days to 50% flowering and
total yield per plant, whereas H-86 for plant height TSS, titratable acidity and



lycopene. Selection -7 for number of fruits per plant, average fruit weight, fruits
per cluster, ascorbic acid, titratable acidity and lycopene, while NDTVR-60 for
days to 50% flowering, average fruit weight, TSS, titratable acidity and lycopene.
Fla-7171 good general combiner for plant height, fruits per cluster and lycopene
whereas, Kashi Amrit only for lycopene. Male parent Floradade for plant height
and days to 50% flowering while Kashi Sharad good general combiner for average
fruit weight, total yield per plant and lycopene as well as Azad T-5 for plant
height, days to 50% flowering, fruits per cluster, TSS and Lycopene. Significant
SCA effects in favourable direction as observed in many crosses for Plant Height,
Days of 50% flowering, No. of primary branches, No. of fruits per plant, Average
fruit weight, Fruit per cluster, Total yield per plant, TSS, Ascorbic Acid, Titratable
Acidity and Lycopene. This result getting support from the findings of Singh et al.
(2010), Saleem et al. (2009), Hannan et al. (2007), Premalakshme et al. (2006),
Duhan et al. (2005) and Dhaliwal et al. (2004).

Izge et al. (2012) performed combining ability studies for yield and yield
components of tomato in a set of 6 lines and 2 testers during the 2009 and 2010
dry season under irrigation results showed that both general combining ability
(GCA) and specific 20 combining ability (SCA) were influenced by the
environment. Out of the 12 hybrids studied, 4 each were found to be good specific
combiners for number of flower clusters and plant height, and 5 for number of
fruits per plant over both the environment combined. Cherry x Hong Large and
Cherry x Roma ‘VF’ were the best specific combiners for number of fruits per
plant and incidentally having high number of trichome count. Souza et al. (2012),
also studied the general combining ability (GCA), specific combining ability
(SCA) in a complete diallel cross of fifteen genotypes (five parents and ten
hybrids) tomato breeding lines for plant fruit yield, ‘IAC-2’ was the best parental
line with the highest GCA followed by IAC-4 and IAC-1 lines. The hybrids IAC-1
x 1AC-2, IAC-1 x IAC-4 and IAC-2 x |AC-4 showed the highest effects of SCA.
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From twenty-five varieties of tomato Peter et al. (2012) in the same way reported
that the component characters locules per fruit and plant height were found to be

important for the expression of genetic divergence.

In 1997 Chadha et al. reported the lines ‘BWR-5 (HR)’, ‘LB79-5 (W)’ and ‘EC
129156’ as good general combiners for marketable fruits per plant. They also
found that four Fruits showed significant positive SCA effects and lines ‘BT-1Q’,
‘BWR-5 (HR)’ and ‘EC 191540’ as food general combiners for average fruit
weight. Five F1 showed significant positive SCA effects for average fruit weight.
Similarly, Vidyasagar et al. (1997) in a line (8) x tester (3) analysis observed
superiority of 3 F1S to their respective better parents for fruit weight. Ghosh et al.
(1996) from a 9 x 9 diallel cross and graphical analysis of tomato reported the
partial dominance for days to first flowering, plant height, equatorial fruit diameter
and polar fruit diameter, number of locules per fruit and yield per plant. From
graphical analysis they reported the over dominance for total soluble solids (TSS).
Dod et al. (1995) also studied combining ability of tomato in a 12 parent’s diallel
(excluding reciprocals) for number of locules per fruit, TSS% and reported the
importance of both additive and non-additive genetic components. They also
found a predominant role for additive gene action. ‘AC238’, ‘Punjab Chhuhara’
and ‘Pusa Ruby’ were the best general combiners. Perera and Liyanaarachchi
(1993) from a 13 x 13 half diallel cross analysis found complete dominance for

flowering time and fruit weight.

E-Mahdy et al. (1990) in a study of complete diallel set of 6 lines under heat stress
reported that additive gene effect appeared more important than non-additive gene
effects for early yield, fruit weight, TSS % and Zhou and Xu (1990) studied
Soluble Solids Content (SSC) in fruits from 20 hybrid combinations froma 5 x 4
diallel without reciprocals and observed 74.15 % GCA and 25.85 % SCA

variance.

11



2.2 Heterosis

When two pure or inbred lines are mated, the performance of F; may be superior
or inferior to mid parental value. This superiority or inferiority over mean is called
heterosis. The magnitude of heterosis varies upon accumulation of favorable
dominant alleles of F, offspring. The more the parental populations differ from
each other for useful dominant alleles, the higher will be the magnitude of
heterosis. This relationship is proved by Falconer (1981) and his formula for
heterosis is- Heterosis in F; = dy?, Where, d = Magnitude of dominance, y =
Difference between the parental population for allelic frequencies at the locus.
Though tomato is a self-fertilized crop where degree of heterosis was theoretically
noticed that it has been attributed to the fact that tomato was basically a highly out
crossing genus which was later evolved into a self-fertilized one (Rick, 1965).
Heterosis is estimated in three different ways- 1. Mid parent heterosis, 2. Better

parent heterosis and 3. Standard heterosis.
2.2.1 Heterosis in crop plants

Heterosis is defined as the superior performance of heterozygous hybrid individual
over its homozygous parental inbred line. Hybrid often possesses comparatively
increased vigor than their parents (Sprague, 1983). In 1900, when Mendel’s laws
were rediscovered and drew the attention of the biological world on problems of
heredity, led to introduce interest in hybrid vigour as one aspect of quantitative
inheritance. Widespread understanding of heterosis was laid by Shull in 1908. He
established that a variety was a complex mixture of genotypes. The variability
among strains undergoing inbreeding, including loss of vigour, was a consequence
of segregation and the eventual homozygosity of desired and deleterious alleles.
He also rewvealed that when certain lines were combined, F; yields exceeded those
of the parental varieties. The word heterosis was coined by Shull and first

proposed in 1914. In 1876, Darwin reconsidered earlier literature and also his own

12



experiments in several crop species. Most of these studies point out that the
offspring arising from cross-fertilization were more vigorous than those obtained

by selfing. He also decided that self-fertilization is ‘harmful’ (Allard, 1960).

A study on tomato was conducted by Bhatt et al. (2001) to find out the degree of
heterosis for yield with two important quality characters, ascorbic acid and total
soluble solids. Significant differences among genotypes were noticed for all the
three characters. Similarly, in 2001 Kurian and Peter conducted an experiment
with tomato hybrids and the obtained F; hybrids showed highest significant
heterobeltiosis for TSS and lycopene. The F, hybrids usually performed better in
fruit quality, i.e. uniform ripening, high lycopene and total solids. Premalakshme
et al. (2005) presented a study for development of F; hybrids with high yield and
quality in tomato through diallel crossing comprising six parents. The studies
exposed remarkable heterosis over the better parent for earliness, plant height, and
laterals per plant. In order of merit, the three best performing F, hybrids showed
heterosis percentage of 14.43 and 13.90 for marketable fruit weight and fruit yield

over the standard check, respectively.

From 20" century heterosis began to utilize commercially in agriculture. Heterosis
played a vital role in the breeding and development of crop hybrids, although the
genetic basis of the phenomenon remained imprecise (Me Daniel, 1986; Rood et
al., 1988). Maybe Hayes and Jones in 1916 first suggested that hybrid vigor be
exploited in vegetables (Hayes, 1952). However, the commercial exploitation of
heterosis was first raised in 1930’s. Nowadays, most of the world’s sugar is
produced by hybrid sugarcane or hybrid sugar beets. In Japan, F; hybrid eggplants
were economically used before 1952 (Kakizaki, 1930). Hybrid rice is now being
produced on an increasing area in China. In short, the economic importance of
hybrid varieties can be grasped in Gardner’s (1968) statement. Development and
utilization of heterosis has been the most important practical accomplishment of

genetics so far.
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2.2.2 Heterosis in tomato
Heterosis effect was first introduced in tomatoes by Hedrick and Booth in 1907.
Then, heterosis for yield and its component has been demonstrated by many

researchers (Singh and Singh, 1993; Daskalof et al., 1967; Burdick, 1954).

In 2014, Sharma used thirty crosses were evolved in a line x tester mating design
with 10 genotypes as female parents (lines) and 3 genotypes as male parents
(testers). The hybrids, PT-11 x PT-3 and PT-20 x Punjab Chhuhara were most
promising for earliness exhibiting highest negative heterosis. With respect to plant
height, hybrids, PT-09-06 x PT-3 and PT-20 x Roma were most promising for
tallness and dwarfness, respectively. Hybrid combination, PT-09-06 x PT-3
exhibited most promising results with respect to heterosis for fruit yield per plant
and total fruit yield per hectare. Most promising hybrid for number of locules was
PT-20 x Roma which exhibited negative heterosis. The best hybrids with respect
to heterosis were PT-2009-02 x PT-3 for average fruit weight, PT-09-06 x Punjab
Chhuhara for number of fruits per plant, PT-1 x Punjab Chhuhara for number of
seeds per gram, PT-20 x Punjab Chhuhara for pericarp thickness, PT-20 x Roma
for number of locules, PT-20 x Punjab Chhuhara for pericarp thickness and fruit
width, PT-09-06 x Punjab Chhuhara for fruit shape index, S-06-1 x Punjab
Chhuhara for TSS at turning and red ripe stage.

Saeed et al. (2014), used Line x Tester analysis to identify the potential parents
and their hybrids from a set of 12 crosses derived from three lines used as females
‘LA-2661°, ‘LA-2662° and ‘017899’ and four testers, including ‘BL-1078’, ‘BL-
1079°, ‘CLN-2413" and °‘CLN-2418-A’. Results showed that heterosis and
heterobeltiosis in desired direction were recorded in two crosses viz. LA-2662 X
CLN-2418A and LA-2662 x BL-1078. F1 hybrid LA-2662 x CLN-2418A proved
to be the best cross in overall performance. Again Singh et al. (2014) studied the
heterosis for yield components and yield per plant using 7 x 7 half diallel cross

between bacterial wilt-resistant per tolerant genotypes and high yielding varieties.
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The heterosis owver better parent (BP) was up to the extent of -38.14%,
42.04%,36.14, -5.70%, -5.65%, 26.32%, 63.44%, 4.83%, 16.50%, 38.88%,
62.70% and 45.89% was recorded for plant height, number of primary branches
per plant, number of secondary branches per plant, days to 50% flowering, days to
maturity, fruit set, fruit length, fruit width, number of locules per fruit, number of
fruits per plant, fruit weight and fruit yield per plant, respectively. The extent of
heterosis was not as high as we are also looking for resistant to the bacterial wilt
disease. The crosses showing heterosis for fruit yield per plant were not heterotic
for all the characters under study. The heterosis for yield was generally
accompanied by heterosis for yield components. Five promising crosses viz., Arka
Ahuti x LO-5973, Arka Vikas x TWC 4, Arka Ahuti x TWC-4, BRH-2 x LO-
5973 and CAU-TS-9 x LO-5973 were identified for developing high-yielding F1

hybrids/varieties of tomato with many desirable traits.

Kumar et al. (2013) used six diverse parental lines of tomato were crossed in a6 x
6 diallel mating design excluding reciprocals. The 15 F1 hybrids and two standard
checks (HYB-Roop-666 and TS-15) along with their parents Top three cross
combinations for fruit yield per plant as per their per se performance, ArkaAbha x
Punjab Chhuhara, ArkaMeghali x Punjab Chhuhara, Punjab Chhuhara x Best of
All came out to be expressing significantly positive standard heterosis. Most of the
crosses manifested highly significant heterosis over bothchecks, for fruit length
and Fruit breadth that reflect that hybrids have better chance of having bigger
fruits in case of tomato. For awerage fruit weight, ArkaAbha x ArkaMeghali,
ArkaMeghali x Punjab Chhuhara proved to be the best hybrids which has
expressed significant positive results for all types of heterosis including over
checks.Owerall, hybrids have reported greater plant heights as compared to check
and mid parents which indicate that heterosis can be exploited for further
improving the plant heights.ArkaMeghali x Punjab Chhuhara found to be the best

cross combination which hawve significant favourable heterosis, of all three types,
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for vitals yield attributing traits i.e. number of fruits per cluster and number of fruit
clusters per plant. This study was same as the findings of Ahmed et al. (2011),
Singh and Sastry (2011), Kumari and Sharma (2011), Kumari et al. (2010), Kumar
et al. (2009), Hannan et al. (2007), Mirshamssi et al. (2006), Premalakshme et al.
(2005), Anita et al. (2005), Singh et al. (2005), Tiwri and Lal (2004), Gunasekera
and Parera (1999), Singh et al. (1995) and Ahmed et al. (1988).

Chattopadhyay et al. (2012) a total of 25 entries consisting of 13 diversified
genotypes of tomato along with their 12 F1 hybrids were evaluated during two
consecutive rabi seasons which showed that Pronounced heterosis over better-
parent was observed for number of locules per fruit, fruit length etc. Heterosis
over mid parent and better parent, however, for most of the characters were in
negative direction. Some of the parents having good potentiality for generating
high cross combination for most of the quality traits under study were identified.
Singh et al. (2012) in a complete 7 x 7 half diallel cross of tomato evaluate with
parents for heterotic manifestation of yield and yield attributing characters. The
crosses showing heterosis for yield per plant were not heterotic for all the
characters under study. Five promising crosses viz.,, Ox-heart x Sutton Roma,
Marglobe Supreme x Sutton Roma, Money Maker x Pusa Early Dwarf, Marglobe
Supreme x Money Maker and Sutton Roma x Pusa Early Dwarf were identified
for dewveloping high yielding F1 hybrids/varieties of tomato with many desirable

traits.

A trial comprising 15 hybrids and 8 parental lines was in conducted by Kumar et
al. in 2012 and heterosis was estimated in fifteen single experimental cross
hybrids, obtained by five parental lines namely H-24, DT-2, CO-3, Punjab Upma,
Pant T-3 and three testers of tomato viz. Floradade, Kashi Sharad, Azad T-5 for
yield and yield related traits; plant height, days to 50% flowering, number of fruits
per plant, average fruit weight, fruit diameter, number of fruits per cluster and total

yield per plant. Significant differences among genotypes were observed for all the
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traits. Positive and highly significant heterosis was found for number of fruits per
plant 25.27%, 25.13% and 21.13% over better parent and 29.95%, 25.27% and
24.46% over standard parent and for total yield per plant 32.06%, 18.34%, 13.36%
and 11.27% over better parent and 31.83%, 31.14%, 30.10% and 25.26% over
standard check ‘Azad T-5°. The hybrid also showed significantly high percentage
of positive heterosis over better and standard parent for number of fruits per
cluster, average fruit weight and the hybrids showed negative heterosis for plant
height and day to 50% flowering which are desirable characters. Similarly, in an
experiment conducted by Ramana et al. in 2011 ten parents (EC-165749, EC-
157568, EC-164838, LE-56, LE-62, LE-64, LE-65, LE-66, LE-67 and LE-68)
were crossed in diallele mating design (without reciprocals). The resultant 45 F1°s
were evaluated along with their parents and two standard checks (Siri and US-618)
for six characters viz., plant height (cm), number of primary branches per plant,
days to 50% flowering, number of fruits per cluster, average fruit weight (g) and
fruit yield per plant (kg). Studies on heterosis revealed that majority of the hybrids
exhibited relative heterosis, heterobeltiosis and standard heterosis in desirable
direction. The potential crosses viz., LE-64 x LE-66, LE-56 x LE-68, EC-157568
x LE-68 and EC-164838 x LE-66, exhibited high standard heterosis and high per
se performance for fruit yield per plant, which offers scope for commercial

exploitation through heterosis breeding.

Souza et al. (2012) evaluated the yield and its components traits, viz., fruit yield
per plant, fruit number per plant, average fruit weight, no. of cluster per plant, fruit
number per cluster, fruit wall thickness and number of locules per fruit including
some quality components, namely, total soluble solids, total titratable acidity, fruit
length, fruit width, length to width ratio by studying heterosis in tomato. Again,
Sharma and Sharma (2013) estimated the heterosis on the basis of mean
performance and reported 43.67 percent heterosis over better parent for yield. The

heterobeltiotic effect for number of fruits per cluster ranged from -34.39 to 33.0
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percent. The fruit yield among the crosses varied from 764.33 to 1808.23 (g).
Significant heterobeltiosis was observed in desirable direction for all the traits
except days to first picking and total soluble solids. Maximum and significant
heterosis in favorable direction was observed for yield, plant height, fruit number
and fruits per cluster reported by Kumari and Sharma (2011). Heterosis was
considerable in all hybrids. Resende et al. (2000) examined heterosis of tomato for
number of fruits in 1%, 2" and 3™ trusses, found higher heterosis values in the
hybrids than the standard cultivar Santa Clara for number of fruits per truss.
Ninety-one F; crosses of tomato in a diallel set involving 13 percents (excluding
reciprocals) to study heterosis for number of fruit/truss and found appreciable
heterosis over best parental lines evaluated by Bhatt et al. (1999). Again, Hannan
et al. (2007a) determined the heterosis in tomato for yield and yield component
characters, viz., plant height at 60 days after transplantation, days to first
flowering, number of flower per cluster, number of fruits per plant, fruit weight
per plant, days to first fruit ripening. Gul et al. (2010) studied in tomato for degree
of heterosis in yield and its five yield attributing components, viz., number of
flowers per cluster, number of fruits set per cluster, fruit length, fruit width, fruit
weight and fruit yield per plant. The degree of heterosis for plant height, fruit
weight, bacterial wilt incidence and yield per plant were determined by Singh and
Asati (2011). Ahmad (2002) found that highest heterosis over better parent in the
cross TM041 X TMO044 which were 159.70 and 181.36 percent respectively for
May and July sowing.

Ahmad (2002) conducted a crosse 8 X 8 diallel set of tomato without reciprocal in
May and July sowing and found highest heterobeltiotic effects in both the sowing
in the hybrid TM051 X TMO017 (-21.76% and -13.43% respectively). Again,
heterosis was estimated for yield and yield related characters, plant height, days to
50% flowering, number of fruits per plant, average fruit weight, average fruit

diameter, number of fruits per cluster and total yield per plant (Kumar et al.,
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1988). Vedyasagar et al. (1997) also studied a line (8) X tester (3) of tomatoes
involving bacterial wilt (Ralstonia Solanacearum) resistant parents and observed
that 12 F;s each demonstrated superiority to their respective better parents for days
to 50% (early) flowering. Again, significant differences among genotypes were
noticed for all the traits such as, for fruit yield per plant, i.e. 29.95% over better
parent and 32.36% over standard check. The hybrid also rewealed significantly
high percentage of positive heterosis over better and standard parent for number of
fruits per cluster, average fruit weight but revealed negative heterosis for plant
height and day to 50% flowering which are desirable traits. Heterosis over better
parent and negative heterosis for days to flowering over the better parent in many
of the hybrids vigor intheir diallel progenies reported by Singh (1993) and Ahmed
etal., (1988).

Ahmad (2002) and Ahmed et al. (1988) reported highest heterosis over better
parent in the cross TM026 X TMO025 which were 32.24% and 26.90% respectively
for May and July sowing. Mid-parent heterosis and better parent heterosis were
observed for various quantitative characters in tomato (Chattopadhya et al., 2012).
Obvious heterosis owver better-parent was observed for fruit yield per plant
(148.82%), fruiting clusters per plant (111.64%), number of fruits per plant
(103.33%), fruit weight (62.79%) and plant height (50.57%). Kumar et al. (1995b)
examined on seven tomato lines, their 21 F;s and three saleable hybrids showed
greatest heterosis (%) over superior parents for plant height. Heterosis of tomato in
a 7X7 diallel set (without reciprocal) and found maximum -45.40 per cent
heterosis for plant height in the cross Japanese X Anobik over parental value
studied by Bhuiyan (1982). Heterosis for plant height was also studied by Dod et
al. (1992) from diallel cross.

Vidyasagar et al. (1997) studied in a line (8) X tester (3) analysis perceived better
parents heterosis in 5 F;s for marketable fruits/Plant. Similarly, Sekar (2001)

observed that more than 10% heterosis over the best parent for the number of
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fruits per plant and yield per plant. In a study of line X tester analysis Dev et al.
(1994) observed heterosis over the better parent 115.7% for the number of fruits
per plant. Jamwal et al. (1984) crossed among 10 foreign lines and 3 local testers
and observed that heterois for fruit number per plant. Bhuiyan (1982) also
observed that maximum better parent heterosis (113.92 percent) for number of
fruits per plant in the cross Fujuki X CL. 8d-0-7-1-0-0. In the same way,
Chaudhury and Khanna (1972) reported that heterosis in 17 hybrids out of 28
hybrids for fruit number and with maximum increases over the better parent of

49.93% under high temperature growing environment.

Kumar et al. (1995a) researches on seven tomato lines, their 21 F;s and three
commercial hybrid standards and observed more heterosis over superior parents
for early yield (41.6%). Jamwal et al. (1984) also crossed 10 foreign lines and 3
local testers and studied heterosis. In 2013 Shankar et al. studied heterosis for
quality and yield characters in tomato. The study revealed that majority of the
hybrids exhibited significant qualified heterosis, heterobeltiosis, standard heterosis
in desired direction. The hybrids showed higher performance and also showed
high standard heterosis. The crosses recorded high negative standard heterosis for
earliness and days to 50 percent flowering. Negative heterosis was observed over
mid and superior parent for marketable maturity (Kumari et al., 2010). Negative
heterobeltiosis for this trait also reported by Singh and Sastry (2011), whereas,
positive heterosis for this character had been reported by Hannan et al. (2007) and
Mirshamssi et al. (2006). Negative heterobeltiosis and standard heterosis were

seen for this trait (Kumar et al., 2009).

Heterosis for the trait fruit weight was reported by many authors as Scott et al.
(1986). Islam et al. (2012) studied the heterotic performance in F; generation of
tomato. The hybrids showed that significant variation in heterosis. Chattopadhyay
et al. (2012) reported that mid-parent heterosis and better parent heterosis for

various quantitative traits in tomato. Prominent heterosis over better-parent was
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observed for fruit yield per plant (148.82%), fruiting clusters per plant (111.64%),
number of fruits per plant (103.33%), fruit weight (62.79%) and plant height
(50.57%). Better parent heterosis for average fruit weight in the cross TM051 X
TMO17 reported by Ahmad (2002). Greatest heterosis over superior parents for
average fruit weight (30.8% and 32.27%) respectively, reported by Kumar et al.
(1995a) and Kumar et al. (1995b). A line (8) X tester (3) analysis observed
superiority of 3 F;S to their respective better parents for fruit weight (Vidyasager
etal., 1997). Ahmed et al. (1988) also reported that heterosis over the better parent
for fruit weight (Singh et al., 1995). Heterosis for the trait fruit weight under high
temperature environments was reported by Scott et al. (1986). Again, Alvarez
(1985) studied that hybrid INCA 21X INCA 3 was superior to the better parent for
average weight in summer. Maximum better parent heterosis (8.45 percent) for
individual fruit weight in the cross Fujuki X World champion was observed by
Bhuiyan (1982).

Heterosis over better parent for fruit size in few cases in tomato was reported by
Scott et al. (1986). Highest better parent heterosis in the cross TM051 X TM025
(22.25 percent in May sowing and 2.87 percent in July sowing) for fruit length
(Ahmad, 2002). A full diallel without backcrosses concerning seven parents
recorded maximum heterosis for fruit length (4.62%) in the hybrid VI00 X 93/10
(Susie, 1998).Again, five new processing tomato lines as female parents to
cultivars Meidong and Jiazhouzhiyong were crossed and perceived higher
heterosis for fruit length (Wang et al., 1998). Singh et al. (1995) reported that
heterosis in some crosses for length of fruit. Also Scott et al. (1986) and
Chaudhury and Khanna (1972) reported that heterosis over better parent for fruit
size in few cases in tomato. Evaluation trial of tomato hybrids in summer where
also found that heterosis in equatorial diameter in the majority of cases (Alverez,
1985). Highest better parent heterosis in the cross TM051 X TMO017 (22.65% in
May sowing and 15.97% in July sowing) for fruit breadth (Ahmad, 2002). Susie

21



(1998) studied on full diallel without backcrosses concerning seven parents and
recorded maximum heterosis for fruit width (4.56%) in the hybrid D150 X NO-
0. Wang et al. (1998) studied on using five lines and two cultivars observed that
higher heterosis for fruit length. Chaudhruy and Khanna (1972) also reported that
heterosis for fruit size, with maximum increases over the better parent of 6.82%
(Chaudhury and Khanna, 1972). Heterosis for equatorial diameter in tomato was
reported by Alvarez (1985).

Lower number of locules in oval and pear shaped variations like Roma and Italian
Red Pear (Roy and Choudhary, 1972). The locule number ranged between 4 or 5
among F; hybrids like Mangla, Rupali and Vaishali (Sethi and Anand, 1986).
Heterosis for locule number is also studied by Dod and Kale (1992), Ghosh et al.
(1997), Srivastava et al. (1998a), Premalakmhme et al. (2002), Anita et al. (2005)
and Ahmed et al. (2011). Singh et al. (2005) and Kumar et al. (2009) reported
that significant negative heterosis for number of locules per fruit. Heterosis using
line x tester analysis between bacterial wilt (Ralstonia solanaccarxm)
resistant/tolerant compliances (Sakthi, LE 214 and LE 206) and processing
cultivars (HW 208F, St 64, Ohio 8129, Fresh Market 9 and TH 318) and
identified heterotic hybrids for locule number (LE 206 X Ohio 8129 and
LE214XSt 64) (Kurian and Peter, 2001). Sherif and Hussein (1992) also observed
significant heterosis for fruit yield per plant, as reflected by differences in the
highest yields of parents and F1 hybrids: 845.6 and 2084.7 g per plant for

‘Yellow Pear’ and Sweet 100 % Yellow Pear, respectively.

22



. 8

MATERIALY AND METHOD




CHAPTER I1lI

MATERIALS AND METHODS

The experiment entitled “Manifestation of heterosis and combining ability for
yield and quality traits of F; hybrids from 8x8 diallel analysis in tomato (Solanum
lycopersicum L.)” was carried out in the experimental farm of Sher-e-Bangla
Agricultural University, Sher-e-Bangla Nagar, Dhaka-1207, during Robi season
2018 and 2019. The details of materials used for this study and methodologies
followed for the experiment have been described in this chapter. This discussion
emphasizes on methodologies related to the location of experimental site, planting
materials, climate and soil, preparation of seed bed, experimental design and
layout, pot preparation, transplantation of seedlings, fertilizing, intercultural
operations, harvesting, data recording procedure, physiological, nutritional and

statistical analyzing procedure.

3.1. Experimental site

The study was conducted in the research farm of Sher-e-Bangla Agricultural
Uniwversity, Sher-e-Bangla nagar, Dhaka-1207, during the Robi season of 2018-
2019 and 2019-2020. The geographical location of the site is in Agro-ecological
zone of "Madhupur Tract" (AEZ-28) with 23°74° N latitude and 90°35° E
longitudes (Anonymous, 2014) and 8 meters of elevation from sea level. The

experimental site is shown in Appendix I.

3.2 Planting materials

A total of eight parental genotypes of tomato with 56 F; hybrids of these 8 parents
was used in the study. The eight parents used in this study are listed in Table 1.
The seeds of eight parents were obtained from the Department of Genetics and
Plant Breeding, Sher-e-Bangla Agricultural University, Sher-e-Bangla Nagar,

Dhaka-1207. Fifty-six crosses including reciprocal crosses made from these eight
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Table 1. Name and source of tomato genotypes used in the present study

Name/Accession

SI. No. Genotypes No. Source
1 G1 SL-006
2 G2 SL-007
3 G3 SL-008
4 Ga SL-009 GEPB, SAU
5 G5 SL-010
6 G6 SL-011
7 G7 SL-012
8 G8 SL-013

GEPB = Department of Genetics and Plant Breeding, SAU= Sher-e-Bangla

Agricultural University

Table 2. Pattern of diallel crosses among the parents

Gl G2 G3 G4 G5 G6 G7 G8

Gl G1xG2 GIxG3 G1xG4 G1xG5 G1xG6 G1xG7 G1xG8
G2 | G2xG1 G2xG3 G2xG4 G2xG5 G2xG6 G2xG7  G2xG8
G3 | G3xGl G3xG2 G3xG4 G3xG5 G3xG6 G3xG7 G3xG8
G4 | G4xGl G4xG2 G4xG3 G4xG5 G4xG6 G4xG7 G4xG8
G5 | G5xGl G5xG2 G5xG3 G5xG4 G5G6  G5xG7 G5xG8
G6 | G6xG1l G6xG2 G6xG3 G6xG4 G6xG5 G6xG7 G6xG8
G7 1 G7xG1 G7xG2 G7xG3 G7xG4 GTxG5 G7xG6 G7xG8
G8 | GgxG1 G8xG2 G8xG3 G8xG4 G8xG5 G8xGE G8xG7
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parents are shown in Table 2. The seeds of these fifty-six crosses and eight parents
were sown in the next season to analyze the heterosis and combing ability. Eight

tomato parents used in this experiment are shown in plate 1.

3.3 Soil

The experimental plot was situated in the subtropical zone. The soil was clay loam
in texture and olive gray with common fine to medium distinct dark yellowish
brown mottles that belongs to Agroecological region of “Madhupur Tract” (AEZ
No. 28) with pH 5.47 to 5.63 and 0.82% organic carbon content ( Appendix I).

3.4 Climate

The experiment was held in the month of November to April. The monthly
average minimum and maximum temperature and relative humidity during the
crop period was 12.00°C to 26.00°C and 57% to 79%, respectively. The monthly
average rainfall was 17.59 mm. Details of the metrological data of air temperature,
relative humidity, rainfall and sunshine hour during the period of the experiment
was noted from the Weather Station of Bangladesh, Sher-e- Bangla Nagar, Dhaka-

1207 and presented in Appendix Ill.

3.5 Seedbed preparation and raising of seedling

In November 15, 2018 in 1% season and in 14™ October, 2019 in 2" season the
seeds were sown in the seedbed of Sher-e-Bangla Agricultural University farm
unit in rows spaced at 10 cm apart. Before sowing, seeds were treated with
Autostin 50 WDG for 5 minutes. Seedlings were raised using regular nursery
practices. Watering was done regularly. Cultural practices required for seedling
preparation were done before and after seed sowing. When the seedlings were 32

days old, they were transplanted in the main field with proper labeling.
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Plate 1. Eight tomato genotypes used as parent
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3.6 Design and layout of the experiment

The research was laid out and evaluated under field condition during the Rabi
season of 2017-2018 for hybridization and 2018-2019 for evaluation of combining
ability and heterosis in Randomized Complete Block Design (RCBD). The
number of parental genotypes were eight. Fifty-six crosses including reciprocal
crosses were made using these parents. Replications in first season was three and
in the second season it was two. Spacing was 40 cm x 60 cm. Plot size was 10x 20
m and 11x 24 m in first season and second season respectively. Date of
transplanting in first season was 17" December 2018 and 16" November 2019 in

second season.

3.7 Land preparation

In each season, the land was ploughed and cross ploughed followed by laddering
to ensure good tillage seven days before transplanting. Weeds and other unwanted
plants were removed thoroughly. Cow dung and fertilizer of required doses were
applied in the field. Slight watering was done frequently to keep the soil moist.

Pits were prepared for transplanting the seedlings.
3.8 Manure and fertilizers application

Table 3 shows the quantities of manure and fertilizer as per recommendation guide
(BARI, 2018). At the time of final land preparation half cow dung and all TSP
were applied thoroughly. The remaining cow dung and half MP were applied
before three days of planting. The whole Urea and half MP were applied in three

equal splits as top dressing after 15, 30 and 45 days of transplanting respectively.
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Table 3. Doses of manures and fertilizers used in the experiment

Doses
SI. No. Fertilizers/ Manures Applied inthe plot  Quantity/ha
1 Urea 10.5 kg 550 kg
2 TSP 08 kg 450 kg
3 MOP 45 kg 250 kg
4 Cow dung 200 kg 10 ton

3.9 Transplanting of seedlings

Thirty-two days old seedlings were transplanted in the main field in the afternoon.
The transplanted seedlings were watered regularly so that there becomes a firm
relation with roots and soil to stand along. Transplanting of seedling is shown in
Plate 2A.

3.10 Intercultural operations

After seedlings establishment, first weeding was done uniformly in all the plots.
After 20 days of first weeding second one was done. Thinning and gap filling was
done. Bamboo sticks as mechanical support was provided to grow the plants
straight. During early stages of growth, pruning by removing some of the lateral
branches and leaves was done to ensure proper sunlight and to reduce the self-
shading and insect infestation. Staking, pesticide application, irrigation and after-
care were also done as and when required. Different intercultural operations are

shown in Plate 2 (B-D).

3.11 Emasculation and Hybridization

In January 2018 hybridization was performed at the flowering stage of all the eight
parents. Day before hybridization selected flowers were emasculated and then
bagged with polythene bag in the ewvening. The next day at the very morning

pollen from each genotype were collected. These pollens were then dusted in the
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Plate 2. Transplanting and intercultural operation A. Transplanting of seedling B.
Land preparation C. Staking of the plant D. Watering of the plant
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Plate 3. Hybridization procedure and harvesting A-B. Emasculation of fe male
flower C. Dusting of pollen in emasculated flower D. Tagging of the
crosses E. Fruit setting in the crossed flower F. Harvested fruits
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emasculated flowers reciprocally. Each genotype was once counted as female
parent and then male parent respectively. Thus diallel crosses were made. To
ensure 100% success in cross product same crossing was done several times in
several flowers. In a single cluster all the flowers were hybridized with the pollen
of same genotype. After crossing, the flowers were bagged with paper enwvelop
with proper labeling. After fruit setting envelops were removed and the fruit
cluster were tagged carefully to ensure correct selection of crosses. Whole

hybridization processes are shown in Plate 3 (A-E).

3.12 Harvesting and processing

Fruits were harvested in the maturity stage when fruits started ripening. Harvesting
continued for about one and a half month as all the genotypes used in this
experiment were indeterminate type and matured progressively at different dates
and over a long period. After collection some fruits were used for chemical
analysis and from some fruits seeds were collected and stored in 4°C for 2" season

and future use. Harvested fruits are shown in Plate 3F.

3.13 Data recording
Data were recorded from each pot based on different yield and yield contributing,
physiological and nutritional traits. A view of data collection in the experimental

site is shown in Plate 4 A.

3.13.1 Agromorphogenic traits
Data for some physical parameters related to yield and vyield contributing

characters were recorded during the experiment. These traits are as following:

3.13.1.1 Plant Height (cm)
Five plants from each genotype from each plot were selected at random and plant

height was measured at maturity stage after 75 days of transplanting.
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Plate 4. Data collection for agromorphogenic and physiological traits. A.
Yield related data collection B. Determination of chlorophyll
content in leaf
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3.13.1.2 Days to first flowering
Number of days required for first flower formation was recorded as the days

passed from seedling transplanting to first flowering.

3.13.1.3 Days to 50% flowering
Number of days when flower at 50% plant of each genotype was formed was
counted as the days passed from seedling transplanting to flowering in half of the

plants.

3.13.1.4 Days to Maturity
The number of days needed for the plant to mature for fruit ripening was counted

from the date of transplanting to date of first harvesting.

3.13.1.5 Number of branches per plant
Number of branches per plant was counted from each of the selected plant during

maturity stage.

3.13.1.6 Number of clusters per plant

At the time of harvesting number of clusters per plant was recorded.

3.13.1.7 Number of fruits per cluster
All fruits in one cluster were recorded by randomly selecting five clusters in every

selected plant.

3.13.1.8 Number of fruits per plants
Number of fruits per plant was recorded during maturity stage of plants from five

plants from each genotype from each plot at random.

3.13.1.9 Average fruit weight (g)
Weight of randomly selected ten fruits from each selected plant was measured by

electric precision balance and their mean value was calculated.
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3.13.1.10 Fruit area index (cm?)

Fruit length and diameter of five fruits from each selected plants were measured
using Digital Caliper-515 (DC-515) in millimeter (mm), multiplying them fruit
area was calculated and awverage of it were calculated and then conwerted it to

centimeter (cm).

3.13.1.11 Number of locules per fruit
Five fruits of each replication of ewvery genotype were cut into equal part

horizontally and number of locules per fruit was recorded.

3.13.1.12 Skin diameter of fruit (mm)

Five fruits of each replication of ewvery genotype were cut into equal part
horizontally and their skin diameter was measured by using Digital Caliper-515
(DC-515).

3.13.1.13 Yield per plant
As all the genotypes were indeterminate type, fruits ripped at different times in the
same plant of same genotype. So, when harvested every time number of fruits

harvested from each plant and their weight were recorded and finally after final

harvest their average weight were calculated as yield per plant.

3.13.2 Physiological traits

Physiological traits viz. leaf chlorophyll content, relative water content (RWC),

moisture percentage in fruit was noted.

3.13.2.1 Leaf chlorophyll content

By using SP AD-502 plus Portable Chlorophyll meter leaf chlorophyll content was
counted. The chlorophyll content was measured from the leaves of different
genotype from three different portion of the leaf and then average was calculated.

Determination of chlorophyll content in leaf is shown in Plate 4B.
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3.13.2.2 Relative Water Content (RWC)

Barrs and Weatherly (1962) method was followed to measure relative water
content (RWC). Whole fresh plant was weighted. Then the plant was kept in
emerged water under light until the weight stayed constant to attain full turgid and
then turgid weight was recorded. Then the plant was kept in hot air oven at 60°C
for 72 hours and the dry weight was recorded. Finally, the following formula was

used to calculate relative water content (RWC),

(Fresh weight - Dry weight)

Relative water content (%) = 100

(Turgid weight — Dry weight) X

After that dry weight of fruit was measured and moisture percentage was

calculated by the following formula;

(Weight of freash fruit—Weight of oven dry fruit) v
Weight of freash fruit

100

Moisture Percent (%) =

3.13.3 Nutritional traits
Some nutritional parameters of tomato named Brix (%), Vitamin-C content

(mg/100 g), pH of fruit and titrable acidity (%) were measured from ripe fruits.

3.13.3.1 Brix percentage (%)

With the help of portable Refractometer (ERMA, Tokyo, Japan) Brix percentages
were measured at room temperature. Fruit juice was collected from a single fruit
of each genotype by blending it to measure Brix percentage (%). Determination of
Brix % is shown in Plate 5 (A-B).

3.13.3.2 Vitamin C content (mg/100 g fruit)
Through oxidation reduction titration method (Tee et al., 1988) Vitamin-C was

determined by following formula;
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(0.5xdye required for tomato juicex100x100)

Vitamin C=

(dye required for L—ascorbic acidx5xweight of fruit)
The reagents and their preparation procedure are described in the following;
3.13.3.2.1 Dye preparation

260 mg 2, 6-dichloro indophenols and 210 mg sodium bicarbonate were mixed in

one litter of distilled water. It was kept in the burette.
3.13.3.2.2 L-ascorbic acid preparation

10 mg granular L-ascorbic acid was taken in 100 ml volumetric flask and volume
it with oxalic acid solution. Again 5 ml of the solution was taken in another
volumetric flask and volume was made up to 100 ml. From this solution, 5 ml was
titrated for 3 times against 2, 6-dichloro indophenols from burette. Their mean was

recorded and this is the required amount of dye for titrating L-ascorbic acid.

3.13.3.2.3 5% oxalic acid preparation
50 mg oxalic acid was mixed in one litter of distilled water to clean the fruit and

prepare fruit juice.

3.13.3.2.4 Preparation of tomato solution
After weighing a single fruit it was pressed and blended with few drops of oxalic
acid solution. Through Whatman filter paper it was filtered to collect the juice.

Volume was made up to 100 ml using oxalic acid solution.

From the mixture 5 ml was titrated against the dye solution kept in the burette. The

amount of dye required was noted. Titration process is shown in Plate 5C.

3.13.3.3 Determination of Titrable acidity

4 gm NaOH pellet was mixed into 1000 ml distilled water and 0.1 N NaOH
solution was prepared. It was poured in burette. After weighing a single fruit it
was pressed and blended and fruit juice was collected by passing it through

Whatman filter paper. Then adding distilled water volume was made up to 100 ml.

36



Plate 5. Data collection for nutritional traits A. Tomato juice preparation for
chemical analysis B. Determination of brix% C. Titration for Vit-C and
titrable acidity D. Determination of fruit pH.
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10 ml solution was separated and 2 drops of Phenolphthalein was added in it. It
was titrated against former prepared 0.1 N NaOH and the amount of NaOH
required was noted. Titration process is shown in Plate 5C. Finally titrable acidity

was determined by following formula;

(titratexNormality of alkaliXxvolume madeupXEquivalent wt.of acidx100)

%Acidity =

(Volume of sample takenxweight of samplex1000)

3.13.3.4 Determination of Fruit pH
Fruit juice was collected from a single fruit of each genotype by blending it to
measure fruit pH using REX pH meter model —PHS-3C. The electrode was

inserted into the juice to get pH value. pH determination is shown Plate 5D.

3.14 Statistical analysis

The data recorded for different characters were analyzed statistically to measure
the significant difference among different tomato lines. Through ‘F’ test the mean
values of all the characters were evaluated and analysis of variance was
performed. The significant difference among the treatments means was measured
by the least significant difference (LSD) test at 5% and 1% lewel. (Gomez and
Gomez, 1984).

3.14.1 Analysis of variance (ANOVA)

The objective of the experiment was to evaluate the performance of the hybrids
and their parents, so data were recorded from all the genotypes and F, hybrids. To
find out the variation among the different genotypes the collected data for various
different traits were analyzed statistically using MSTAT-C program for F-test as
it was a single factor experiment (Table 4). Coefficient of variation (CV%) was
calculated as of Gomez and Gomez (1984). From the ANOVA combining ability

was estimated and heterosis was calculated from the mid values.
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Table 4. The general form of ANOVA for combining ability

Source sum
va:?;tio d.f. of F-test Expected mean squares
n squares squares
GCA -1 MSg/MSe 2 1 2
P Sy o2+ ({5} TG

SCA -1 Ss MSs/MSe 2 L
p(p )/2 O-€2+{p(p_1)}zizj5i2j i <j

Error r—-Dm@-1 Se o

3.14.2 Statistical procedure used for combining ability analysis

In 1956, Griffing proposed four methods of analysis of combining ability

depending on the materials used. Griffing has also considered Eisenhart's model |

(fixed effect) and model Il (random effect) in the analysis. In this study

combining ability analysis were calculated as method 1 (including reciprocals)

and Model-1. The mathematical model for the analysis was as follows

Yij=m+gi+ gj+ Sij +1/bc ) >kl eijkl

Where, i, j=1,2, cccoovvvvieeeey, P
K=I,2,.cocveenn, b
L=1,2,.ccccceeiiivenne, C

P = Number of parents

b = Number of blocks or replications
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¢ = Number of observation in each plot

Yi = the mean of i x j" genotype over K and L

m = the population mean

gj= The general combining ability (GCA) effect to i" parent
gj = The GCA of j"" parent

sij = The SCA effect such that sij = sji

1/bc . > kl eijkl = the mean error effect

The restriction imposed: ). gi=0 and > Sij + Sii=0
GCA = general combining ability

SCA = specific combining ability

p = Number of parents

r = Number of blocks or replications

Yi = Array total of the i*" parent

Yjj = Mean value of the i*" parent

Yg = Grand total of the p(p-1)/2 crosses and parental lines
Yij= Progeny mean values in the diallel table

Se = Sum of square due to error

__1 : N2 Ay 2
Sg= 12 [Zi(Yl + Yii) pY.. ]
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2 2
( +1)(p+2) r..

— 2
Ss = Z ZJYU(

The GCA and SCA effects of each character were calculated as follows:

gi= (p+2)[2 (Yi + Yii)? ——Y ]

Z(y1+y11+y]+y])+

SU=Yu-35 prDmiD)

The variance of GCA and SCA were,

N P=-1)
v
ar(gi) ==, %

v _  2(pP- 2
Var(Sij) = —(P+1)0,+2) ¢(L#))

Standard error (SE) of an estimate was calculated the square root of the variance

of concerned estimate eg.

j Var (g;) andj Var (s.)

JVar(gi) and /Var(Sij)
3.14.3 Estimation of heterosis

The amount of heterosis of the F; s was calculated using the following formula:

(F1—BP)

Heterosis over better parent (%) = x 100

Here,
F,= Mean of F, individuals

BP= Mean of the better parent values

Heterosis over mid parent (%) = (Fl__fp) x 100
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Here,
F,= Mean of F1 individuals
MP= Mean of the mid parent values

CD (Ciritical Difference) values were used to test significance of heterotic effects.

Critical Differences (CD) =t x /ZErMS

Here,

EMS= Error Mean Sum of square
r = No. of replication

t = Tabulated t value at error d.f.

CD values were compared with the values come from (F; — BP) and (F] —

MP1o test significant effect of heterosis.
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CHAPTER IV

RESULTS AND DISCUSSION

The experiment was conducted to perform the diallel analysis of different
genotypes of tomato (Solanum Lycopersicum L.) using yield contributing traits.
This chapter comprises the presentation and discussion of the findings obtained
from the experiment. The fruits were harvested when the color of the fruit started
to change from green to orange red. The data pertaining to ten characters have
been presented and statistically analyzed with the possible interpretations. The

fruits of F, generation are shown in Appendix V.

4.1. Mean performance and analysis of variance
Mean performance of 19 yield related agro-morphogenic traits of parents and
cross combinations are presented in Table 5 and in Table 6. Significant genotypic

variations were observed for all the characters under studied (Appendix VI).

4.1.1 Plant height

Among the eight parents G2 showed the lowest plant height where G6 showed
the highest plant height. Among the 56 cross combinations G3xG6 (161.33)
showed the highest plant height, and the lowest plant height was observed in

G5xG2 (58.00) (Table 5).

4.1.2 Days to first flowering

Among the eight parents G6 took the shortest period for first flowering where G3
took the highest period (Table 5). Among the 56 cross combinations G7xG6 (56)
took the longest time for days to 1% flowering, and the lowest was observed in
G7xG2 (37.00).

4.1.3 Days to 50% flowering

Out of eight parents G3 took the longest period for 50% flowering where G6 took
the lowest period of Days to 50% flowering (Table 5). Among the 56 cross
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Table 5. Mean performance for 9 different characters in eight parents and their 56 F;s of Solanum lycopersicum L.

Genotype Plant Days to Days to Number of Number Number Number Days to Fruit
Height First 50% Branches of Cluster of Fruit of Fruit Maturity  Weight
Flowering  Flowering per Plant per Plant  per Cluster  per Plant

Gl 80.67 47.67 57.00 13.00 17.67 4.67 43.00 83.00 26.05
G2 41.67 50.00 59.67 10.33 15.67 4.33 40.67 80.33 20.59
G3 114.00 52.33 61.33 10.00 17.33 4.33 31.33 80.00 17.29
G4 104.67 40.33 50.33 11.67 18.67 4.00 34.67 81.67 28.36
G5 104.00 47.67 57.67 16.00 18.33 6.00 33.33 86.00 27.54
G6 147.33 38.67 48.33 10.33 15.67 5.00 37.33 80.33 4521
G7 82.33 45.00 55.00 11.67 18.67 3.33 38.00 81.67 23.63
G8 60.33 47.00 56.67 13.00 16.00 4.67 39.67 83.00 25.03
GlxG2 58.67 51.67 60.33 9.67 15.33 4.67 40.67 79.67 52.18
G1xG3 133.33 51.67 62.33 13.33 20.00 4.67 44.67 83.33 24.76
GlxG4 97.67 38.67 47.67 11.67 17.33 4.67 47.67 81.67 20.78
G1xG5 117.67 42.67 53.33 15.33 20.33 4.67 23.33 85.33 27.86
G1lxG6 119.00 43.33 52.67 11.33 19.67 5.00 32.67 81.33 15.85
G1lxG7 80.67 46.33 55.67 14.00 19.33 4.33 45.00 84.00 24.67
G1lxG8 80.67 47.00 58.00 9.00 18.33 4.67 38.00 79.00 20.35
G2xGl 88.33 49.00 58.33 17.00 20.00 4.00 45.33 87.00 19.17
G2xG3 89.67 48.00 57.67 9.00 16.67 5.00 41.00 79.00 30.71
G2xG4 79.33 50.00 61.00 12.67 17.00 4.33 41.00 82.67 22.37
G2xG5 102.00 41.33 51.33 13.33 16.67 4.00 34.33 83.33 37.37
G2xG6 117.33 47.67 58.00 13.00 19.00 4.33 31.33 83.00 35.12
G2xG7 70.33 39.33 49.67 11.33 18.33 5.00 32.00 81.33 54.04
G2xG8 70.00 45.33 55.33 9.67 20.33 4.67 39.67 79.67 26.17
G3xGl1 86.67 45.67 55.33 12.67 16.33 6.00 32.67 82.67 30.05
G3xG2 58.67 50.67 61.00 12.00 19.67 3.67 46.33 82.00 35.03
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Table 5. (Cont’d)

Genotype Plant Days to Days to Number of Number Number Number Days to Fruit
Height First 50% Branches of Cluster of Fruit of Fruit Maturity  Weight
Flowering  Flowering per Plant per Plant  per Cluster  per Plant
G3xG4 110.33 52.33 62.67 9.33 15.33 3.33 44.67 79.33 40.49
G3xGh 122.33 37.00 46.67 16.33 22.00 4.00 40.67 86.33 36.45
G3xG6 161.33 49.00 59.00 14.67 20.67 5.00 42.67 84.67 33.03
G3xG7 125.00 46.00 56.00 11.00 16.33 4.67 42.33 81.00 22.14
G3xG8 76.00 43.33 53.67 12.00 18.33 4.67 36.33 82.00 27.44
G4xGl 91.00 45.67 55.67 15.00 21.67 5.33 36.00 85.00 47.22
G4xG2 72.33 51.00 61.00 9.67 15.67 4.00 42.00 79.67 22.26
G4xG3 101.67 38.67 48.33 7.33 13.33 5.67 37.33 77.33 27.31
G4xGh 114.00 52.67 63.00 12.67 18.00 3.00 40.00 82.67 25.55
G4 xG6 154.00 44.00 50.33 9.00 18.33 5.00 35.00 79.00 38.64
G4xG7 115.67 44.33 56.33 10.00 15.00 5.00 44.00 80.00 34.65
G4xG8 85.67 51.67 61.00 9.33 15.67 5.67 39.33 79.33 40.73
G5xGl1 90.33 46.33 53.00 16.67 22.33 3.33 32.00 86.67 40.17
G5xG2 58.00 47.67 60.67 12.67 18.67 5.33 38.00 82.67 25.39
G5xG3 90.33 51.67 61.67 11.33 19.33 5.00 43.00 81.33 30.20
G5xG4 97.00 41.67 49.33 9.00 15.00 4.00 38.67 79.00 17.99
G5xG6 130.33 53.00 62.67 12.33 17.67 5.00 41.33 82.33 21.27
G5xG7 110.33 48.00 60.67 10.33 16.33 4.33 38.33 80.33 21.99
G5xG8 91.67 49.00 54.33 11.33 17.67 5.00 38.00 81.33 40.09
G6xG1 116.67 53.00 65.00 8.33 14.33 4.00 38.67 78.33 31.31
G6xG2 70.00 39.33 49.00 12.00 18.33 4.33 45.33 82.00 25.64
G6xG3 87.33 45.67 59.00 11.00 18.33 5.00 39.33 81.00 29.20
G6xG4 126.00 40.67 52.33 12.00 17.67 4.67 39.33 82.00 26.25
G6xG5 137.67 51.33 59.67 9.67 18.00 5.00 41.67 79.67 22.35
G6xG7 113.00 47.00 57.00 13.33 16.67 4.67 38.33 83.33 32.47
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Table 5. (Cont’d)

Genotype Plant Days to Days to Number of Number Number Number Days to Fruit
Height First 50% Branches of Cluster of Fruit of Fruit Maturity  Weight
Flowering  Flowering per Plant per Plant  per Cluster  per Plant
G6xG8 133.33 44.00 53.33 13.00 18.00 3.33 37.67 83.00 26.98
G7xG1 96.33 45.00 54.67 8.00 14.00 4.67 43.00 78.00 27.76
G7xG2 81.67 37.00 47.33 8.67 14.67 4.33 42.33 78.67 24.45
G7xG3 86.67 43.00 52.67 11.67 17.33 5.00 45.33 81.67 26.90
G7xG4 97.33 48.00 58.33 14.33 20.33 4.00 42.67 84.33 38.86
G7xG5 82.33 47.33 57.00 15.33 20.67 4.67 41.67 85.33 27.65
G7xG6 138.33 56.00 65.33 14.33 21.00 4.67 35.00 84.33 20.00
G7xG8 79.33 47.67 58.33 12.67 18.33 4.00 38.67 82.67 32.80
G8xG1 99.00 42.00 50.33 12.33 18.00 4.00 31.33 82.33 45.88
G8xG2 112.67 42.33 51.33 13.00 18.67 5.00 33.33 83.00 23.49
G8xG3 89.33 44 33 54.33 10.67 16.33 3.67 40.33 80.67 42.72
G8xG4 104.67 45.00 55.00 10.67 17.33 4.67 38.67 80.67 34.17
G8xG5 86.00 47.67 56.33 9.00 15.33 4.00 40.67 79.00 21.97
G8xG6 132.00 46.67 56.00 8.67 15.00 4.33 31.33 78.67 25.96
G8xG7 123.67 52.67 63.00 10.67 16.67 3.67 32.33 80.67 27.92
Awerage 99.62 46.34 56.17 11.72 17.73 4.52 38.76 81.72 29.66
Maximum 161.33 56.00 65.33 17.00 22.33 6.00 47.67 87.00 54.04
Minimum 41.67 37.00 46.67 7.33 13.33 3.00 23.33 77.33 15.85
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Table 6. Mean performance for 10 different characters in eight parents and their 56 F;s of Solanum lycopersicum L.

Genotype FruitSkin Number of Fruitarea Yield per Leaf Relative Vitamin C Titrable Fruit
Diameter  locule per  index (cm?) Plant (kg) Chlorophyll Water Brix (%) content Acidity pH
(mm) fruit Content Content (%)

Gl 0.67 29.90 1389.67 1122.80 29.90 22.185 5.00 19.157 3.210 4.45
G2 0.40 46.80 1062.67 839.97 46.80 23.952 5.00 16.437 2.784 3.58
G3 0.40 47.90 1303.67 554.92 47.90 20.566 7.00 20.866 5.217 4.92
G4 0.53 69.90 1555.33 983.32 69.90 45.946 4.00 26.936 4.567 3.53
G5 0.53 42.20 979.33 942.32 42.20 55.432 4.00 31.008 3.362 3.83
G6 0.40 27.90 1942.67 1700.63 27.90 32.642 5.00 23.262 2.800 3.29
G7 0.43 36.30 1306.00 867.61 36.30 60.406 4.00 38.377 2.865 3.20
G8 0.40 35.30 990.00 988.47 35.30 44.000 5.00 50.236 2.210 3.42
G1xG2 0.53 36.40 2585.33 2073.15 36.40 38.188 3.50 36.651 1.926 3.13
G1xG3 0.50 34.80 1176.67 1117.44 34.80 50.633 4.00 37.303 3.712 3.48
G1lxG4 0.47 34.30 1087.00 968.91 34.30 36.240 5.00 16.200 3.914 3.38
G1xG5 0.47 39.90 1508.00 653.41 39.90 61.825 4.10 37.900 3.369 3.24
G1xG6 0.43 40.70 995.33 529.46 40.70 46.918 5.00 16.500 3.220 3.03
G1xG7 0.40 21.50 838.00 1106.23 21.50 46.409 4.00 19.900 2.785 3.05
G1xG8 0.43 32.50 1147.33 766.13 32.50 72.184 5.00 34.800 4,751 3.27
G2xGl 0.40 26.30 1279.67 875.56 26.30 44,960 5.00 25.300 1711 4.06
G2xG3 0.40 26.00 1532.33 1226.36 26.00 62.956 5.00 39.700 1.624 3.54
G2xG4 0.53 37.00 1953.00 915.12 37.00 58.392 4.00 28.500 2.707 3.39
G2xG5 0.40 35.20 1205.33 1288.46 35.20 50.099 4.50 29.800 3.699 3.81
G2xG6 0.43 28.60 1535.67 1107.11 28.60 93.462 4.00 43.900 2.984 3.17
G2xG7 0.57 34.60 1266.67 1734.19 34.60 67.925 3.90 28.900 1.110 4.52
G2 xG8 0.63 37.00 1937.33 1024.29 37.00 53.002 5.00 27.800 2.083 3.71
G3xGl 0.40 27.00 1823.67 972.92 27.00 48.538 4.30 19.800 0.904 4.19
G3xG2 0.50 27.00 1148.00 1616.30 27.00 46.500 5.00 21.500 1.840 3.64
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Table 6. (Cont’d)

Genotype FruitSkin Number of  Fruitarea Yield per Leaf Relative Vitamin C Titrable  Fruit
Diameter  locule per  index (cm?) Plant (kg) Chlorophyll Water Brix (%) content Acidity pH
(mm) fruit Content content (%0)
G3xG4 0.47 52.33 1408.33 1812.84 58.80 53.458 4.50 33.700 2.756 3.44
G3xGh 0.53 37.00 1896.00 1488.91 39.00 42.270 4.00 25.500 2.542 3.59
G3xG6 0.50 49.00 1642.33 1395.11 38.50 30.200 3.90 23.800 2.261 5.12
G3xG7 0.43 46.00 1593.33 924.20 33.30 16.700 4.50 20.900 3.057 3.06
G3xG8 0.50 43.33 1381.33 990.20 25.70 38.900 7.50 11.800 3.411 3.22
G4xGl 0.47 45.67 1517.00 1697.00 38.30 33.300 4.00 24.000 5.129 3.80
G4xG2 0.43 51.00 928.00 933.35 25.00 45.100 5.00 13.300 5.442 3.42
G4xG3 0.50 38.67 1087.33 977.20 37.00 19.300 4.00 33.200 4.628 3.29
G4xG5 0.60 52.67 2150.00 1039.49 38.60 39.400 4.00 13.700 2.986 3.26
G4 xG6 0.63 44.00 1460.67 1346.75 51.70 47.500 4.00 16.800 2.077 3.08
G4AxG7 0.47 44 33 2355.00 1517.52 30.90 30.900 5.00 31.400 4.335 3.60
G4xG8 0.50 51.67 1716.00 1611.47 49.70 47.400 4.80 22.300 6.288 3.87
G5xGl1 0.43 46.33 2345.33 1273.09 32.70 36.700 3.00 34.500 2.860 4.17
G5xG2 0.43 47.67 2153.33 970.53 42.70 53.700 2.90 24.700 4.060 KNI
G5xG3 0.53 51.67 1753.67 1294.23 36.40 29.200 3.00 25.300 3.289 3.73
G5xG4 0.53 41.67 1284.00 696.90 45.50 36.200 4.00 38.600 3.240 3.30
G5xG6 0.37 53.00 1096.67 876.03 37.50 43.500 4.20 25.200 2.041 3.18
G5xG7 0.50 48.00 1220.00 845.82 35.30 49.600 3.00 25.600 1.104 3.93
G5xG8 0.53 49.00 1226.67 1525.97 39.30 54.800 3.20 16.600 1.270 3.50
G6xGl1 0.40 53.00 1461.33 1217.92 39.40 42.300 5.00 18.600 5.070 3.26
G6xG2 0.47 39.33 1177.33 1161.79 48.20 50.500 3.00 28.600 2.453 3.56
G6xG3 0.40 45.67 1402.00 1132.38 37.20 41.300 3.90 21.600 7.823 331
G6xG4 0.33 40.67 2002.67 1032.46 44.00 37.100 4.50 30.200 4.420 3.43
G6xGh 0.43 51.33 1086.33 932.48 40.60 48.300 5.00 16.700 3.870 3.73
G6xG7 0.47 47.00 1521.33 1247.29 35.00 34.200 4.30 38.900 6.529 3.82
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Table 6 (Cont’d)

Genotype FruitSkin Number of Fruitarea Yield per Leaf Relative Vitamin C Titrable  Fruit
Diameter  locule per  index (cm?) Plant (kg) Chlorophyll Water Brix (%) content Acidity pH
(mm) fruit Content content (%)
G6xG8 0.47 44.00 1842.67 1018.50 43.70 40.000 4.00 33.300 2.441 3.53
G7xGl 0.50 45.00 1656.33 1192.18 43.30 53.500 3.50 45.100 1.842 3.40
G7xG2 0.43 37.00 1177.33 1032.24 49.60 51.100 5.00 19.300 0.966 4.19
G7xG3 0.53 43.00 1168.67 1211.96 44.50 29.300 5.00 39.400 1.615 3.57
G/ xG4 0.50 48.00 1060.33 1657.20 42.00 16.200 3.90 47.500 1.521 3.32
G7xG5 0.43 47.33 1844.67 1151.72 36.30 37.900 4.20 30.900 2.539 3.56
G7xG6 0.53 56.00 1055.00 707.62 49.30 16.500 3.90 47.400 2.329 3.34
G7xG8 0.67 47.67 1239.67 1320.56 37.80 19.900 4.00 36.700 3.751 3.38
G8xGl 0.43 42.00 1242.33 1398.49 46.60 34.800 3.60 53.700 2.333 4.11
G8xG2 0.40 42.33 1001.67 788.24 42.30 25.300 4.40 33.800 2.438 4.50
G8xG3 0.50 4433 1730.67 1729.23 30.50 39.700 5.00 37.800 1.417 3.80
G8xG4 0.43 45.00 1811.00 1308.34 69.70 28.500 4.50 37.900 1.269 3.33
G8xG5 0.37 47.67 1069.67 889.79 35.40 29.800 5.20 46.700 2.338 4.30
G8xG6 0.50 46.67 1372.00 855.90 46.40 43.900 3.20 35.700 3.872 3.90
G8xG7 0.70 52.67 1263.67 925.10 36.30 28.900 3.60 42.500 3.342 3.12
Awerage 0.48 46.34 1452.35 1142.24 38.89 41.883 4.34 29.593 3.067 3.61
Maximum 0.70 56.00 2585.33 2073.15 69.90 93.462 7.50 53.700 7.823 5.12
Minimum 0.33 37.00 838.00 529.46 21.50 16.200 2.90 11.800 0.904 3.03
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combinations G7xG6 (65.33) took the longest time for 50% flowering and the
lowest was observed in G3xG5 (46.67) (Table 5).

4.1.4 Number of branches per plant

Among the parents G3 had the lowest Number of branches per plant where G5
was the highest (Table 5). Among the cross combinations G2xG1 (17.00) was the
highest in Number of branches per plant and lowest was observed in G4xG3
(7.33).

4.1.5 Number of cluster per plant
G2 among the eight parents had the lowest cluster per plant where G7 was the
highest. Among the 56 cross combinations G5xG1 (22.33) was the highest for in

mean number of cluster and lowest was observed in G4xG3 (13.33) (Table 5).

4.1.6 Number of fruit per cluster
G7 among the eight parents had the lowest number of fruit per cluster where G5
was the highest. Out of the 56 cross combinations G3xG1 (6.00) was the highest

for in number of fruit in each cluster and lowest was observed in G4xG5 (3.00).

4.1.7 Number of fruits per Plant

Among the eight parents lowest number of fruits per plant was in G3 and in G1 it
was the highest. Among 56 cross combinations, in G1xG4 (47.67) number of
fruit per plant was highest and in G1xG5 (23.33) it was observed the lowest
(Table 5).

4.1.8 Days to maturity

Among the parents G3 was of the shortest period of Days to maturity where G5
was the longest. Among the 56 cross combinations G2xG1 (87.00) had the largest
period of Days to maturity and the lowest was observed in  G4xG3 (77.33)
(Table 5).
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4.1.9 Average fruit weight (g)

Average fruit weight (g) was highest in G5 and lowest in G3 among the eight
parents and in the 56 cross combinations G2xG7 (54.04) was the highest and
G1xG6 (15.85) showed the lowest (Table 5).

4.1.10 Fruit skin diameter (mm)

Out of the eight parents G2 had the smallest fruit skin diameter (mm) where as
G1 had the largest. Among the 56 cross combinations G2xG1 (87) had the largest
Fruit skin diameter (mm) and the lowest was found in  G4xG3 (77.33) (Table 6).

4.1.11 Number of locule per fruit

Number of locule per fruit was highest in G4 and lowest in G6 among the eight
parents and in the 56 cross combinations G7xG6 (56.00) was the highest and
G1xG7 (21.5) showed the lowest number of locule per fruit (Table 6).

4.1.12 Fruit area index (cm?)

Out of eight parents G6 took the largest Fruit area index where G5 took the
lowest Fruit area index (Table 6). Among the 56 cross combinations G1xG2
(2585.33) took the largest Fruit area index (cm?), and the lowest was observed in
G1xG7 (838.00).

4.1.13 Fruit Yield per plant (kg)

Among the eight parents lowest Fruit Yield per plant was in G3 where G5 took
the highest Fruit Yield per plant. Among the 56 cross combinations G2xG1 (17)
had the highest Fruit Yield per plant (kg) and the lowest was observed in G4xG3
(7.33) (Table 6).

4.1.14 Leaf chlorophyll content
Leaf chlorophyll content was highest in G4 and lowest in G6 among the eight
parents and in the 56 cross combinations G8xG4 (69.7) was the highest and

G1xG7 (21.5) showed the lowest Leaf chlorophyll content.
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4.1.15 Relative Water Content (RWC)

Out of the eight parents G3 was of the higher Relative Water Content (RWC)
where G7 was the lower Relative Water Content (RWC). Among the 56 cross
combinations G2xG6 (93.462) had the higher Relative Water Content (RWC) and
the lowest was observedin G7xG4 (16.2) (Table 6).

4.1.16 Brix percentage (%)

The highest Brix percentage (%) was observed in G3 and lowest in G7 among the
eight parents and in the 56 cross combinations G3xG8 (7.50) was the highest and
G5xG2 (2.90) showed the lowest Brix percentage (%) in each fruit.

4.1.17 Vitamin C content (mg/100 g fruit)

Out of eight parents G8 took the higher Vitamin C content (mg/100 g fruit) where
G2 took the lowest Vitamin C content (mg/100 g fruit). Among the 56 cross
combinations G8xG1 (53.7) took the highest Vitamin C content (mg/100 g fruit)
and the lowest was observed in  G3xG8 (11.8).

4.1.18 Titrable acidity (%)

Among the eight parents lowest Titrable acidity (%) was in G3 where G5 took the
highest (Table 6). Among the 56 cross combinations G2xG1 (17) had the highest
Fruit Yield per plant (kg) and the lowest was observed in  G4xG3 (7.33).

4.1.19 Fruit pH

Among the eight parents G7 showed the smallest fruit length where G3 showed
the longest. Among the 56 cross combinations G3xG6 (5.12) had the largest Fruit
pH and the lowest was observedin G1xG6 (3.03) (Table 6).

4.2 Combining Ability

The analysis of variances for general combining ability (GCA) and specific
combining ability (SCA) were found significant for most of the traits studied
(Table 7) indicating both additive and non-additive gene actions for the

expression of these traits. The general combining ability (GCA) variances for
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most of the traits studied higher than the specific combining ability variances
indicating the predominance of the additive effect for these traits. The GCA
component is predominantly a function of the additive genetic variance and GCA

variances with each parent plays significant role in the choice of parents.

A parent with higher positive significant GCA effects is considered as a good
general combiner and the magnitude and direction of the significant effects for
the eight parents provide meaningful comparisons and would give indications to
the future breeding programme. The results of GCA effects for nineteen different
characters were estimated and presented in Table 8. The SCA effects signify the
role of non-additive gene action in the expression of the traits. It indicates the
highly specific combining ability leading to highest performance of some specific
cross combinations. That is why it is related to a particular cross. High GCA may
arise not only in crosses involving high combiners but also in those involving low
combiners. Thus in practice, some of the low combiners should also be
accommodated in hybridization programme. The SCA effects of 56 F; crosses for

the same characters are presented in Table 9.

4.2.1 Plant height

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character (Table 7). Among the eight parent studies the parent G6 (27.318**)
showed the significant positive GCA effects. On the other hand, G2 (-23.849*%*)
and G8 (-6.828**) showed the significant negative GCA effect. So the parent G6

was the best general combiner for plant height (Table 8).

Among the 56 cross combinations 8 crosses showed significant positive SCA
effects (Table 9). The highest positive significant effect was G6xG3 (37.000**)
and the lowest positive significant effect was G3xG2 (15.500*). Thus these 8
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Table 7. Analysis of variances (MS values) for GCA and SCA

Source df Plant Days to Days to Number of Number Number Number Days to Fruit
Height First 50% Branches of Cluster of Fruit of Fruit Maturity Weight
Flowering Flowering per Plant per Plant per Cluster per Plant
GCA 7 3248.62** 4.76™ 4.98™ 7.47%* 3.07" 0.18™ 21.90** 7.47%* 10.95™
SCA 21 205.79* 32.06** 33.03** 5.51** 5.17* 0.59"™ 33.21** 5.51** 89.64**
Reciprocal 21 596.26** 25.93** 31.60** 7.38*%* 6.28** 0.55" 25.60** 7.38%* 126.19**
Error 126 122.05 9.52 9.81 2.49 3.29 0.50 6.29 2.49 32.09
GCA:SCA 15.79 0.15 0.15 1.36 0.59 0.31 0.66 1.36 0.12
o2¢g 190.27 -1.68 -1.73 0.13 -0.13 -0.03 -0.68 0.13 -4.85
62s 47.01 12.65 13.04 1.70 1.05 0.05 15.11 1.70 32.31
Table 7. (Cont’d)
Source df  FruitSkin Number of Fruit area Yield per Leaf Relative Vitamin C Titrable Fruit
Diameter Locule index (cm?) Plant (kg) Chlorophyll Water Brix (%) Content Acidity pH
(mm) per fruit content content (%)
GCA 7 0.01™ 1.31** 61357.44** 38389.93™ 198.43** 264.34**  1.31** 191.09** 2.87** 0.22**
SCA 21 0.01" 0.74** 173970.64**  147277.74** 111.66** 320.77** 0.92** 103.62** 1.86** 0.29**
Reciprocal 21 0.01" 1.51** 263833.92**  161730.55** 77.31%* 214.82** 0.70** 140.44** 3.19** 0.25
Error 126 0.01 0.10 2087.30 48969.45 1.23E* 6.16E*° 6.02E*° 3.08E-13 5.41E™* 2.41E*
GCA:SCA 0.59 1.77 0.35 0.26 1.78 0.82 1.42 1.84 1.54 0.76
o2¢g 0.00 0.04 -6849.86 -6697.69 5.55 -3.18 0.03 5.58 0.07 0.00
628 0.00 0.36 96495.91 55190.62 62.69 180.08 0.52 58.17 1.04 0.16

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 8. General combining ability (GCA) effects of parents in a Diallele cross of Solanum lycopersicum L.

Parents Plant Days to Days to Number of Number Number Number Days to Fruit
Height First 50% Branches of Cluster of Fruit of Fruit Maturity Weight
Flowering Flowering per Plant per Plant per Cluster per Plant
Gl -4.786 ™ 0.120 ™ -0.151 ™ 0.797 ** 0542 "™ 0.068 ™ -0.193 ™ 0.797 ** 0.352 "™
G2 -23.849 **  -0.068 " 0.161™ -0.203 ™ -0.208 ™ -0.057 " 0.870™ -0.203 ™ 0.005 "™
G3 3.297 ™ 0.641™ 0.891 ™ -0.328 ™ 0.062 ™ 0.109 ™ 1.203 ** -0.328 ™ -0.217 ™
G4 3.880™ -1.026 ™ -1.005 "™ -0.724 ™ -0.542 ™ -0.057 ™ 0.974™ -0.724 ™ 1.219™
G5 2.755 ™ 0.703 "™ 0.391™ 1.234 ** 0.687 ™ 0.068 "™ -1.359 **  1.234 ** -1.444 ™
G6 27.318**  -0.214™ -0.172 ™ -0.266 ™ 0.021 ™ 0.130™ -0.984 ™ -0.266 ™ 0.002 ™
G7 -1.786 ™ -0.234 ™ 0.203 ™ 0.089 ™ -0.083 ™ -0.161 ™ 1.057 ™ 0.089 ™ -0.681 "™
G8 -6.828**  0.078 ™ -0.318 ™ -0.599 " -0.479 "™ -0.099 " -1.568 **  -0.599 " 0.765"
Var (gi) 2.583 0.722 0.732 0.369 0.424 0.166 0.587 0.369 1.325
Var (gi-gj) 3.906 1.091 1.107 0.557 0.641 0.251 0.887 0.557 2.003

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 8. (Cont’d)

Parents Fruit Skin Number Fruit area Yield per Leaf Relative Vitamin C Titrable Fruit
Diameter of index (cmz) Plant (kg) Chlorophyll Water Brix (%) Content Acidity pH
(mm) Locule content (%)
per fruit Content
Gl -0.002 ™ -0.208 ** 12.818™ -11.767™ -4.297 ** 1.296 ** -0.023**  -0.932 ** 0.054 ** 0.046 **
G2 -0.017** 0.271 ** -14.453"™ 9.428 " -2.047 ** 7.435 ** 0.052 ** -2.429 ** -0.529 ** 0.073 **
G3 -0.008 ™ 0.003 ™ 7.130™ 45,210 * -1.922 ** -5.002 ** 0.514 ** -2.528 ** 0.140 ** 0.193 **
G4 0.019 ** 0.313** 105.839 ** 75,339 ** 7.503 ** -3.078 ** -0.011**  -2.019 ** 0.673 ** -0.173 **
G5 0.003 ™ 0.250 ** 35.047 " -91.519 **  -0.216 ** 3.377 ** -0.442 **  -1.235** -0.197 ** 0.021 **
G6 -0.029 " -0.063 "™ 18.693 ™ -19.607 " 0.897 ** 0.678 ** -0.092 **  -1.860 ** 0.495 ** -0.106 **
G7 0.023** -0.021 ™  -85.349 ** 2.080 ™ -1.247 ** -3.142 ** -0.223 ** 4,854 ** -0.408 ** -0.093 **
G8 0.015™ -0.542 **  -79.724 ** -9.164"™ 1.328 ** -1.565 ** 0.227 ** 6.149 ** -0.228 ** 0.040 **
Var (gi) 0.017 0.074024  114.149 51.74956  2.5956E°"  1.84E' 1.81E% 1.3 1.72E% 1.156%
Var (gi-gj) 0.026 0.111914 260.912 78.23798  3.9241E" 2.77EY 2.74E°® 1.96E" 2.6E% 1.73e™

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 9. Specific combining ability (SCA) effects of among the F; generation in a Diallele cross of Solanum
lycopersicum L.

F; Generation Plant Days to Days to Number of Number Number Number Days to Fruit
Height First 50% Branches of Cluster of Fruit of Fruit Maturity Weight
Flowering Flowering per Plant per Plant per Cluster per Plant
G1xG2 2.516" 3.943* 3.151™ 1.016" -0.39 " -0.193 " 3.568 * 1.016" 5.662 "
G1xG3 11.870" 1.568 " 1.922"™ 0.807" -0.167 " 0.641" -1.099 ™ 0.807" -2.382 "™
G1lxG4 -4.380 " -3.266 " -3.349 " 1.536" 771" 0.474" 2.297"™ 1.536" 2.771"
G1xG5 6.411" -2.661 "™ -3.245 ™ 2.245* 2.375* -0.651 "™ -9.536 ** 2.245* 5.451"
G1xG6 -4.318 " 1.922" 2.984 " -2.422 * -1.292 " -0.214 " -1.911 "™ 2422 * -6.429 ™
G1xG7 -4.547 ™ -0.557 ™ -1.057 ™ -1.609 ™ -1.521 "™ 0.078" 4,380 ** -1.609 " -3.109 ™
G1xG8 1.828 "™ -2.036 ™ -1.536 " -1.255 " 0.375" -0.151 "™ -2.328 ™ -1.255 " 2.343"
G2xG1 -14.833" 1.333™ 1.000™ -3.667 ** -2.333™ 0.333" -2.333™ -3.667 ** 16.502 **
G2xG3 -4.901 ™ 2.422" 2.109" -0.693 "™ 0.583" -0.234 "™ 2.839" -0.693 " 3.424"
G2xG4 -3.818 ™ 5.255** 5.672** 0.370" -0.646 " -0.234 ™ 0.901" 0.370" -8.562 *
G2xGb5 1.474" 2.474" -0.724 " 0.245" -0.542 " 0.141" -2.099 " 0.245" 3.167"™
G2xG6 -9.422 ™ -2.557 ™ -2.661 " 1.245" 1.125™ -0.255 " -0.307 ™ 1.245"™ 0.718"
G2xG7 2.016" -7.870 ** -8.036 ** -1.609 " -0.938 " 0.370"™ -3.516 * -1.609 " 10.266 **
G2xG8 22.391** -2.516 ™ -2.682 " 0.411" 2.458* 0.474"™ -1.557 ™ 0.411" -5.597 "™
G3xG1 23.333** 3.000™ 3.500"™ 0.333"™ 1.833" -0.667 " 6.000 ** 0.333"™ -2.645 "
G3xG2 15.500 * -1.333 "™ -1.667 " -1.500 "™ -1.500 " 0.667 " -2.667 ™ -1.500 "™ -2.160 ™
G3xG4 -0.797 " -0.453 " -0.557 " -2.339 * -2.917 * -0.068 " 0.068 "™ -2.339 * 3.243"™
G3xG5 0.661" -3.349 ™ -3.286 " 1.203" 2.188" -0.193 ™ 3.234* 1.203"™ 5.332"
G3xG6 -5.901 " 0.568 " 2.109"™ 1.703" 1.688 " 0.245" 2.026™ 1.703" 1.676"™
G3xG7 4,703 -2.245 ™ -2.932 ™ -0.151 "™ -0.875 " 0.370"™ 2.818" -0.151 "™ -4.235 ™
G3xG8 -13.422"™ -3.224 " -2.745" 0.536 "™ 0.021" -0.359 " -0.057 " 0.536 "™ 4,876
G4xG1 3.333"™ -3.500 "™ -4.000 " -1.667 ™ -2.167 " -0.333™ 5.833 ** -1.667 " -13.220 **
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Table 9. (Cont’d)

F, Generation Plant Days to Days to Number of Number Number Number Days to Fruit
Height First 50% Branches of Cluster of Fruit of Fruit Maturity Weight
Flowering Flowering per Plant per Plant per Cluster per Plant
G4xG2 3.500™ -0.500 ™ 0.004™ 1.500™ 0.667™ 0.167™ -0.500 ™ 1.500™ 0.057™
G4xG3 4.333"™ 6.833 ** 7.167 ** 1.000" 1.000"™ -1.167 * 3.667* 1.000" 6.593 "
G4xGbh -0.755 " 1.151"™ 0.609" -1.401 "™ -1.375 ™ -1.026 * 0.964" -1.401 "™ -7.662 *
G4AxG6 9.182" -2.766 " -3.661 " -0.234 " 0.792" 0.245" -1.578 ™ -0.234 "™ 1.573"™
G4xG7 4,786 " 1.089 "™ 1.964 " 1.078"™ 0.562" 0.203" 2.547™ 1.078™ 6.564 "
G4xG8 -1.505 " 2.943"™ 3.151"™ -0.401 " -0.208 " 0.807 "™ 0.839"™ -0.401 " 5.808 "
G5xG1 13.667" -1.833 ™ 0.167" -0.667 " -1.000 "™ 0.667" -4.333 * -0.667 " -6.158 "
G5%xG2 22.000 ** -3.167 " -4.667 * 0.333"™ -1.000 " -0.667 " -1.833 " 0.333"™ 5.990 "
G5%xG3 16.000 * -7.333 ** -7.500 ** 2.500* 1.333™ -0.500 "™ -1.167 ™ 2.500* 3.127™
G5xG4 8.500 " 5.500 * 6.833 ** 1.833™ 1.500"™ -0.500 "™ 0.667" 1.833"™ 3.782"
G5xG6 4,307"™ 5.339 ** 4.776* -1.693 " -0.604 "™ 0.286"° 5.089 ** -1.693 ™ -6.403 "
G5xG7 -4.255 " 0.859" 2.068" -0.214 ™ 0.167" 0.078" 1.547" -0.214 "™ -2.707 ™
G5xG8 -6.714 ™ 1.214" -0.911 ™ -2.193 * -1.438 " 0.016 "™ 3.505* -2.193 * 2.052"
G6xG1 1.167 "™ -4.833 * -6.167 ** 1.500"™ 2.667 ** 0.500" -3.000 "™ 1.500 " 7727
G6xG2 23.667 ** 4,167 4.500* 0.500" 0.333" 0.004" -7.000 ** 0.500" 4,740
G6xG3 37.000 ** 1.667 " 0.004" 1.833™ 1.167" 0.004" 1.667 " 1.833"™ 1.912"
G6xG4 14.000" 1.667 " -1.000 "™ -1.500 " 0.333" 0.167" -2.167 ™ -1.500 " 6.195"
G6xGb5 -3.667 " 0.833" 1.500" 1.333™ -0.167 ™ 0.004" -0.167 ™ 1.333"™ -0.540 "
G6xG7 0.516"™ 5.609 ** 4,964 * 2.286* 1.167" 0.182" -2.161 "™ 2.286* -2.737 "™
G6xG8 12.557" -0.870 " -1.016 ™ -0.026 " -0.771 "™ -0.714 ™ -1.703 ™ -0.026 " -3.953 ™
G7xG1 -7.833 " 0.667 " 0.500"™ 3.000 ** 2.667 ** -0.167 " 1.000"™ 3.000 ** -1.547 "
G7xG2 -5.667 " 1.167 "™ 1.167" 1.333™ 1.833"™ 0.333" -5.167 ** 1.333"™ 14.792 **
G7xG3 19.167 * 1.500 " 1.667 "™ -0.333 " -0.500 " -0.167 " -1.500 " -0.333" -2.378 "
G7xG4 9.167 " -1.833 ™ -1.000 "™ -2.167 " -2.667 ** 0.500" 0.667" -2.167 ™ -2.103 ™
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Table 9. (Cont’d)

F, Generation Plant Days to Days to Number of Number Number Number Days to Fruit
Height First 50% Branches of Cluster of Fruit of Fruit Maturity Weight
Flowering Flowering per Plant per Plant per Cluster per Plant
G7xGb 14.000 ™ 0.333™ 1.833™ -2.500 * -2.167™ -0.167 ™ -1.667 ™ -2.500 * -2.830 ™
G7xG6 -12.667" -4.500 * -4.167 ™ -0.500 "™ -2.167 ™ 0.004" 1.667 " -0.500 " 6.235"
G7xG8 10.495"™ 3.984* 4.609 * 0.453"™ 0.333"™ -0.422 " 2.745" 0.453"™ 0.623"™
G8xG1 -9.167 ™ 2.500" 3.833™ -1.667 " 0.167" 0.333" 3.333™ -1.667 " -12.768 **
G8xG2 -21.333 ** 1.500"™ 2.000" -1.667 ™ 0.833" -0.167 " 3.167™ -1.667 " 1.342"
G8xG3 -6.667 " -0.500 "™ -0.333™ 0.667"° 1.000" 0.500" -2.000 "™ 0.667 " -7.638 ™
G8xG4 -9.500 " 3.333™ 3.000™ -0.667 " -0.833 " 0.500 "™ 0.333™ -0.667 " 3.280"™
G8xGb5 2.833" 0.667" -1.000 "™ 1.167 "™ 1.167" 0.500" -1.333 "™ 1.167 "™ 9.058 *
G8xG6 0.667 " -1.333 "™ -1.333 " 2.167"™ 1.500" -0.500 " 3.167"™ 2.167" 0.512"™
G8xG7 -22.167 ** -2.500 " -2.333™ 1.000"™ 0.833" 0.167" 3.167" 1.000"™ 2.442"
Var (sij) 6.905 1.929 1.957 0.985 1.134 0.443 1.568 0.985 3.541
Var (sij-sik) 10.334 2.887 2.929 1.475 1.696 0.663 2.346 1.475 5.299
Var (sij-skl) 9.567 2.673 2.712 1.365 1.571 0.614 2.172 1.365 4.906
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Table 9. (Cont’d)

F R
. itSkin
Generation Diameter Number of  Fruit area -
Locule ; Yield per
(mm) X index cm?) P Leaf
per fruit lant (kg)  Chl Relati
orophyll elative Vitamin C i
content Water . c Titrable Erui
G1xG2 0.008™ content Brix (%) ontent Acidity ruit
' H
ngGS -3.017 ** 06750 T 481.786 **  334.457 * >0 p
1xG4 ) -0.313 ™ . -1.197 **
G1xG5 0.027 "™ 0.375" 27.870™ -130.498 " -9.041 ** -0.114 **
-0.025 " -269.005"s 197149 ™ -1.772 ** 11,409 ** . 4,744 ** 0 .
G1xG6 -0.029 "s -0.3% * 426.453 " 149 -5.797 ** ' -0.677 ** 2 74+ -0.133 **
G 029 0.250" ' -75.700 ™ 5,332 ** 419%% 0,954 *
1xG7 0.048 ™ 250 -255.526" -2 o Lsazmm o 2706% 0.198**  -6.541** 954 %% -0.012**
GLxG8 :0.056 " odsr LmestT 127'172ns ©asserr 0752 0320 8775** 0.727**  0.109**
G2xGL 0.067" 0.062 ™  -190.609™ -3 - n -0.947%% 0.018%* 0.780 20,251 ** 0.1907 0.030 **
G2xG3 0,002 0.833 ** 650,833 ** 5'93 995 " 3 628 ** 1i . -0.339 ** 1015 ** 0.529 ** 0,403 **
G2xG4 0.004"™ 0.375 ™ 1048507 29 797 *n* 5 050 ** 3 -386 - -0.239 ** 0,440 -0.400 ** .0.337 **
O 2udsT Bz a7 oTr sve 0.649%*  -0.004 **
G2xG6 0.019™ -0.208 " 206.391 ™ -302.767 * 13.347 ** : 0.098 ** . 0.108 ** 20465 **
G ' 0.604 ** 391 69.349 " 5.506 ** 0 -964 -0.946 **
GZXG7 0.017 ns O 04 -100.089 ns 2392 ns 2.322 ** L0.796 ** 123 ** 4,245 ** 0 863 -0.284 **
2xG8 -0.104 ™ - 0.659 * ' -0.245 ** .863** -
0.042" -130.547" B59%* 21 1,321 ** 0.104 **
G3xG1 A ot b o aamee ot 2oigen L538** 0242
) - n . . N
G3xG2 -0.050 " 0.167 ™ 323500 5 6'234n ’ 1.478 ** 8.600 ** 0.286 ** 7.918 ** 0.314** -0.211 **
G3xG4 20,004 ™ 1.333**  192.167"™ 2.263 " 3.900 ** ' 0.086**  -2513** -1.093 > 0.766**
G ’ 0 ns ' -194.970 ™ 1.047 ** 213 -0.049 **
3G 0.065" 333 317484 132236 " -0.500**  8.228** 0150 **  8.752** ' 0.383 **
G3xGo 0.010™ 0.396™ 330.307 ™ 292'236 © 34 2576+ 0.0047 9.100 ** 1.404**  -0.355**
G3xG7 10,008 ™ 0.375 ™ 43,995 5.643 * 0.947 ** : -0.589 ** 8 -0.108 ** 20,050 **
G 008 -0 ' 95.910 " -4.523 ** 405+ -0.188 *
3xG8 0.017" .667 ** 6.870™ X ' -0.016 ** 1808 ** -0.908 ** 0,429 ** .188 ** 0,263 **
GaxGl 0.016" 0.521**  176.245" -182 1445 % 3.478* 10,738 % -0.858 ** 2,505 ** -0.095**  -0.162**
1167 ** 215,000 "™ 1.432 -10.197 ** 3 .984 . 0.123 ** 1760 ** 1.341 ** 0.520 **
-364.047 ™ 5000 % . 1.173 %+ -8.414 . -0.463 ** 0,304 **
1.470** 0.500 ** ' 10.565 ** 0
-3.900 ** 0.608 * 1331 **
.608 ** 0,210 **
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Table 9. (Cont’d)

F1 FruitSkin  Numb :
Generation Diameter L oot -FrUIt area Yield per Leaf Relati
ocule index (sz) Plant (k elative Vitamin C i
(mm) per fruit (kg)  Chlorophyll Water Brix (9 n Titrable Fruit
GAxG2 1.500 " 0.167™ content content rix (%) Content Acidity H
G4xG3 1.000"™ -1 000 o 512.500 T]: 9.112™ 6.000 ** 6 646(32* (%) P
GAXGS 401" o 160.500" 417.820 **  10.900 ** 1 070 * -0.500 ** 7.600 ** -1.368 **  -0.015 **
G4xG6 023418 02T ™ 123766 " -257.859" 4128 ** 4 380 0.250 ** 0.250 ** 0.936**  0.075**
G4xG7 1.078" 0 687 e 154.786 -8.363" 0.559 ** 2 817 o 0.117** -0.188 ** -0.430 ** _d 176 **
GA4xG8 0.401™ 0195 234.828 * 367.706 ** -8.697 ** 191134 0.017** -2.213 ** 0.986 %% 0074 **
G5%Gl -0.667 " 0.004™ 285.036 251.491* 11.978 ** 0 7'10 ok 0.3487" 7.0227* -0.405 ** 0.117 **
G5xG2 0.333"™ 1,000 ** -418.667 **  -309.843** 3.600 ** 12.562 ** 0.098"" -3.628 ** 0.266 ** 0.124%*
G5xG3 2500 * 0 004" -474.000 ** 158963 * 13,750 ** 1800 % 0.550 ** 1.700 ** 0.054%% 0465 **
G5xG4 1.833™ 1.333 %* 71.167"™ 97.337™ 1.300 ** 6.535 ** 0.8007™ 2.550** -0.181 ** 0.350 **
G5xG6 1693™  0.042™ 433.000 **  171.297* -3.450 ** 1 600 ** 0.500 7 0.100%*  0.373%%  -0.070**
G5xG7 0214 ; 414589 **  -126857™  -0.522 ** ' 0.004 12450 %% 0,127 ** '
0.214 1.083 ** 130,286 ™ 0.522 -0.038 ** 0.798 ** 0.127 -0.020 **
G5xG8 2103 * 0,396 * P 86 . -54.025" 1628 ** 1632 %+ sl -5.547 ** 0410 **  -0.068 **
o iopss o s oo AU iy Les2e 0007k 4962 06427 02087
G6xG2 0.500™ -0.167 ns '233-000:; -344.230 ** 0.650 ** 2 '309 x 0.080 :: -2.857 ** -0.838 ** 0'231 *k
G6xG3 1833" 0,233 1;9-167 - -27.342" -9.800 ** o1 481 ** 0'004** 1050 %% -0.925%*  -0,115**
G6xG4 1500 0,667 * 0.167 131.365 ™ 0.650 ** 5 55 ** 0.500 7.650** 0.265 ** 0.195 **
G < : -271.000™  157.148% -5.550 0.004" 1,100 ** -0.195
6xG5 1.333 0 ok .148 3.850 ** 5 o 100 2.781 ** 0 .
G6xG7 ' -0.833 5.167" -28.223Ms .200 -0.250 ** -6.700 ** ' -905
2.286 * -0.438 * 97.526" 223 -1.550 ** -2.400 ** 0 ox -L171 %> -0.175 **
G6xG8 -0.026 " 0.083" 526 ns -147.254™ 3.609 ** 14,068 ** 0.400 4.250 ** -0.915** 0,275 **
G7xG1 3.000 ** _0' 333 "8 216.016 -176.265* 3.034 ** 0 954 - 0.080 ** 10.563 ** 1 975 *x 0170 .
G7%G2 S L., el e " 10.000%*  -3.54 ** 0.870**  0618**  0177**  0173**
G7xG3 203331 ' 44.667 " 350.973** 07T 2o 0.250**  -12.600** . '
0.333 0.004 " 212.333 " 7.500 8.412 ** 0 *k 0.471 -0.175 **
G7xG4 2167 " 333 -143.880 ™ 5.600 ** ' -0.550 4.800 ** 0.072 **
.167 1.000 ** 0 -6.300 ** 2 0.165 **
647.333 ** 69.840™ -0.250 ** -9.250 **
: -5.550 ** 7 *ok : 0.721** -0.255 **
.350 0.550 ** - S
. -8.050 L407%%  0.140%*
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Table 9 (Cont’d)

F Fruit Number of Fruit area Yield per Leaf Relative Vitamin C Titrable Fruit
Generation Skin Locule index (cm?) Plant (kg)  Chlorophyll Water Brix (%) content Acidity pH
Diameter per fruit content Content (%)
(mm)
G7xG5 -2.500 * -1.667 ** -312.333* -152.952* -0.500 ** 5.850 ** -0.600 ** -2.650 ** -0.717 ** 0.185 **
G7xG6 -0.500 " -0.167 " 233.167 * 269.832 * -7.150 ** 8.850 ** 0.200 ** -4.250 ** 2.100 ** 0.240 **
G7xG8 0.453" 0.208 " -35.609 " -12.322" -1.922 ** -12.776 ** -0.539 ** -0.996 ** 1.115** -0.306 **
G8xG1 -1.667 " 0.004" -47.500" -316.183 ** -7.050 ** 18.692 ** 0.700 ** -9.450 ** 1.209 ** -0.420 **
G8xG2 -1.667 " 0.004" 467.833 ** 118.025 " -2.650 ** 13.851 ** 0.300 ** -3.000 ** -0.177 ** -0.395 **
G8xG3 0.667 " -1.000 ** -174.667™  -369.513 ** -2.400 ** -0.400 ** 1.250 ** -13.000 ** 0.997 ** -0.290 **
G8xG4 -0.667 " 0.004" -47.500 " 151.565 * -10.004** 9.450 ** 0.150 ** -7.800 ** 2.509 ** 0.270 **
G8xG5 1.167"™ 0.004" 78.500 ™ 318.087** 1.950 ** 12.500 ** -1.000 **  -15,050 ** -0.534 ** -0.400 **
G8xG6 2.167"™ 0.167 " 235.333* 81.300™ -1.350 ** -1.950 ** 0.400 ** -1.200 ** -0.715 ** -0.185 **
G8xG7 1.000™ 0.333" -12.000" 197.730 * 0.750 ** -4.500 ** 0.200 ** -2.900 ** 0.205 ** 0.130 **
Var (sij) 0.985 0.197838 815.350 138.3065 6.937E"’ 4.91E% 4.85E% 3.47EY 4.6E° 3.07E®
Var (sij-sik) 1.475 0.296097 1826.384 206.9982 1.0382E%° 7.34Y 7.256°8 5.19°’ 6.88E % 4,59
Var (sij-skl) 1.365 -1.667 ** -312.333 * -152.952 * -0.500 ** 5.850 ** -0.600 ** -2.650 ** -0.717 ** 0.185 **

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level

62



crosses were good specific combiner for plant height. The cross G6xG3 was the
best specific combiner and 2 crosses showed significant negative SCA effects.
The highest negative significant effect was G8xG7 (-22.167**) and the lowest
negative significant effect was G8xG2 (-21.333**).

4.2.2 Days to first flowering

The mean square (MS values) for GCA was non-significant which suggests the
absent of additive gene action and SCA was significant which suggests the
present of non-additive gene action for this character. Among the eight parents no
one showed significant positive and negative GCA effects for days to first

flowering (Table 9).

Among the 56 cross combinations 7 crosses showed significant positive SCA
effects (Table 9). The highest positive significant effect was G4xG3 (6.833*%*)
and the lowest positive significant effect was G1xG2 (3.943*). Thus these 7
crosses were good specific combiner for Days to first flowering. The cross
G4xG3 was the best specific combiner and 4 crosses showed significant negative
SCA effects. The highest negative significant effect was G2xG7 (-7.870**) and
the lowest negative significant effect was G7xG6(-4.500%).

4.2.3 Days to 50% flowering

The mean square (MS values) for GCA was non-significant which suggests the
absent of additive gene action and SCA was significant which suggests the
present of non-additive gene action for this character. Among the eight parents no
one showed significant positive and negative GCA effects for Days to 50%

flowering (Table 8).

Among the 56 cross combinations 7 crosses showed significant positive SCA
effects (Table 9). The highest positive significant effect was G4xG3 (7.167*%*)
and the lowest positive significant effect was G6xG2 (4.500%*). Thus these 7

crosses were good specific combiner for Days to 50% flowering. The cross
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G4xG3 was the best specific combiner and 4 crosses showed significant negative
SCA effects. The highest negative significant effect was G2xG7(-8.036**) and
the lowest negative significant effect was G5xG2(-4.667%*).

4.2.4 Number of branches per plant

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character (Table 7). Among the eight parents studies the parent G1 and G5
showed the significant positive GCA effects. The GCA value of G5 (1.234*%*)
was higher than G1 (0.797 **). On the other hand, no parents showed significant
negative GCA effect. So the parent G1 and G5 were the best general combiner for
Number of branches per plant (Table 8).

Among the 56 cross combinations 4 crosses showed significant positive SCA
effects (Table 9). The highest positive significant effect was G7xG1 (3.000**)
and the lowest positive significant effect was G1xG5 (2.245*). Thus these 4
crosses were good specific combiner for Number of branches per plant. The cross
G7xG1 was the best specific combiner and 5 crosses showed significant negative
SCA effects. The highest negative significant effect was G2xG1(-3.667**) and
the lowest negative significant effect was G5xG8(-2.193%).

4.2.5 Number of cluster per plant

The mean square (MS values) for GCA was non-significant which suggests the
absent of additive gene action and SCA was significant which suggests the
present of non-additive gene action for this character. Among the eight parents
studies no parents showed significant positive and negative GCA effects for

Number of cluster per plant (Table 8).

Among the 56 cross combinations 4 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect were G6xG1 (2.667**)
and G7xGl (2.667**) and the lowest positive significant effect was G1xG5

64



(2.375%). Thus these 4 crosses were good specific combiner for Number of cluster
per plant. The cross G6xG1 and G7xG1 was the best specific combiner and 2
crosses showed significant negative SCA effects. The highest negative significant
effect was G3xG4 (-2.917*) and the lowest negative significant effect was
G7xG4 (-2.667*%).

4.2.6 Number of fruit per cluster

The mean square (MS values) for GCA and SCA were non-significant for this
trait which suggests the absent of both additive and non-additive gene action for
this character (Table 7). Among the eight parents no one showed significant

positive and negative GCA effects for Number of fruit per cluster (Table 8).

Among the 56 cross combinations there was no positive significant SCA effects
for Number of fruit per cluster and 2 crosses showed significant negative SCA
effects (Table 9). The highest negative significant effect was G4xG3 (-1.167%)
and the lowest negative significant effect was G4xG5 (-1.026%).

4.2.7 Number of fruits per Plant

The MS values for GCA and SCA were significant for this trait which suggests
the presence of both additive and non-additive gene action for this trait. Among
the eight parents studies the parent G3 (1.203 **) showed the significant positive
GCA effects. On the other hand, G5 (-1.359 **) and G8 (-1.568 **) showed the
significant negative GCA effects. So the parent G3 was the best general combiner

for Number of fruits per Plant (Table 8).

Among the 56 cross combinations 8 crosses showed significant positive SCA
effects (Table 9). The highest positive significant effect was G3xG1 (6.000**)
and the lowest positive significant effect was G3xG5 (3.234*). Thus these 8
crosses were good specific combiner for Number of fruits per Plant. The cross

G2xG3 was the best specific combiner and 5 crosses showed significant negative
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SCA effects. The highest negative significant effect was G1xG5 (-9.536**) and
the lowest negative significant effect was G2xG7 (-3.516%*).

4.2.8 Days to maturity

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character. Among the eight parents studies the parent G1 and G5 showed the
significant positive GCA effects. The GCA value of G5 (1.234**) was higher
than G1 (0.797 **). On the other hand, no parents showed significant negative
GCA effect. So the parent G1 and G5 were the best general combiner for Days to
maturity (Table 8).

Among the 56 cross combinations 5 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G7xG1 (3.000**).
Thus these 5 crosses were good specific combiner for Days to maturity. The cross
G7xG1 was the best specific combiner and 4 crosses showed significant negative
SCA effects. The highest negative significant effect was G2xG1 (-3.667**) and
the lowest negative significant effect was G5xG8 (-2.193%).

4.2.9 Average fruit weight (g)

The mean square (MS values) for GCA was non-significant which suggests the
absent of additive gene action and SCA was significant which suggests the
present of non-additive gene action for this character. Among the eight parents
studies no parents showed significant positive and negative GCA effects for

Average fruit weight (g) (Table 8).

Among the 56 cross combinations 4 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G2xG1 (16.502**)
and the lowest positive significant effect was G8xG5 (9.058*). Thus these 4
crosses were good specific combiner for Average fruit weight (g). The cross

G2xG1 was the best specific combiner and 4 crosses showed significant negative

66



SCA effects. The highest negative significant effect was G8xG1 (-12.768**) and
the lowest negative significant effect was G2xG4 (-8.562*).

4.2.10 Fruit skin diameter (mm)

The mean square (MS values) for GCA and SCA were non-significant for this
trait which suggests the absent of both additive and non-additive gene action for
this character (Table 7). Among the eight parents studies the parent G4 and G7
showed the significant positive GCA effects. The GCA value of G4 (0.019 **)
was lower than G7 (0.023**). On the other hand, parent G2 (-0.017**) showed
significant negative GCA effect. So the parent G1 and G5 were the best general
combiner for Fruit skin diameter (Table 8).

Among the 56 cross combinations 3 crosses showed significant positive SCA
effects (Table 9). The highest positive significant effect was G7xG1 (3.000*%*)
and the lowest positive significant effect was G5xG3 (2.500*). Thus these 3
crosses were good specific combiner for Fruit skin diameter (mm). The cross
G7xG1 was the best specific combiner and 3 crosses showed significant negative
SCA effects. The highest negative significant effect was G1xG3 (-3.017**) and
the lowest negative significant effect was G7xG5 (-2.500%).

4.2.11 Number of locule per fruit

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character. Among the eight parents studies the parent G2, G4 and G5 showed the
significant positive GCA effects. The GCA value of G4 (0.313 **) was higher
than G5 (0.250 **). On the other hand, G1 (-0.208 **) and G8 (-0.542 *¥)
showed the significant negative GCA effect. So the parents G2, G4 and G5 were

the best general combiner for Number of locule per fruit (Table 8).

Among the 56 cross combinations 12 crosses showed significant positive SCA
effects (Table 9). The highest positive significant effect was G5xG4 (1.333*%*)
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and the lowest positive significant effect was G3xG5 (0.396 *). Thus these 12
crosses were good specific combiner for Number of locule per fruit. The cross
G5xG4 was the best specific combiner and 13 crosses showed significant
negative SCA effects. The highest negatives significant effect was G7xG5 (-
1.667 **) and the lowest negative significant effect was G5xG8 (-0.396 *).

4.2.12 Fruit area index (cm?)

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character (Table 7). Among the eight parents studies the parent G4 (105.839 **)
showed the significant positive GCA effects. On the other hand, G7 (-85.349 *¥*)
and G8 (-79.724 **) showed the significant negative GCA effect. So the parent

G4 was the best general combiner for Fruit area index (Table 8).

Among the 56 cross combinations 10 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G2xG1 (652.833*%*)
and the lowest positive significant effect was G7xG6 (233.167*). Thus these ten
crosses were good specific combiner for Fruit area index (cm2). The cross
G2xG1 was the best specific combiner and 7 crosses showed significant negative
SCA effects. The highest negative significant effect was G5xG2 (-474.000*%*)
and the lowest negative significant effect was G6xG1 (-233.000%).

4.2.13 Fruit Yield per plant (g)

The mean square (MS values) for GCA was non-significant which suggests the
absent of additive gene action and SCA was significant which suggests the
present of non-additive gene action for this character. Among the eight parent
studies the parent G4 (75.339 **) and G3 (45.210 *) showed the significant
positive GCA effects. The GCA value of G4 (75.339 **) was higher than G3
(45.210 *). On the other hand, G5 (-91.519 **) showed the significant negative

68



GCA effect. So the parent G4 and G 3 were the best general combiner for Fruit
Yield per plant (Table 8).

Among the 56 cross combinations 15 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G2xG1 (598.797*%*)
and the lowest positive significant effect was G8xG4 (151.565*). Thus these 15
crosses were good specific combiner for Fruit Yield per plant (kg). The cross
G2xG1 was the best specific combiner and 7 crosses showed significant negative
SCA effects. The highest negative significant effect was G8xG3 (-369.513*%*)
and the lowest negative significant effect was G7xG5 (-152.952*)

4.2.14 Leaf chlorophyll content

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character (Table 7). Among the eight parents studies the parent G4, G8 and G6
showed the significant positive GCA effects. The GCA value of G4 (7.503 **)
was higher than G8 (0.897 **). On the other hand, G1 (-4.297 **), G2 (-2.047
**), G3 (-1.922 **), G5 (-0.216 **) and G7 (-1.247 **) showed the significant
negative GCA effect. So the parents G4, G8 and G6 were the best general

combiner for Leaf chlorophyll content (Table 8).

Among the 56 cross combinations 25 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G4xG8 (11.978*%*)
and the lowest positive significant effect was G4xG6 (0.559**). Thus these 25
crosses were good specific combiner for Leaf chlorophyll content. The cross
G4xG8 was the best specific combiner and 31 crosses showed significant
negative SCA effects. The highest negative significant effect was G2xG4 (-
13.347**) and the lowest negative significant effect was G3xG6 (-0.016*%*).
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4.2.15 Relative Water Content (RWC)

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character. Among the eight parents studies the parent G1, G2, G5 and G6 showed
the significant positive GCA effects. The GCA value of G2 (7.435 **) was higher
than G6 (0.678 **). On the other hand, G3 (-5.002 **), G4 (-3.078 **), G7 (-
3.142 **) and G8 (-1.565 **) showed the significant negative GCA effect. So the
parents G1, G2, G5 and G6 were the best general combiner for relative water

content (RWC) (Table 8).

Among the 56 cross combinations 34 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G2xG6 (21.986*%*)
and the lowest positive significant effect was G4xG8 (0.710**). Thus these 34
crosses were good specific combiner for relative water content (RWC). The cross
G2xG6 was the best specific combiner and 22 crosses showed significant
negative SCA effects. The highest negative significant effect was G6xG7 (-
14.068**) and the lowest negative significant effect was G5xG6 (-0.038*%*).

4.2.16 Brix percentage (%)

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character (Table 7).

Among the eight parents studies the parent G2, G3 and G8 showed the significant
positive GCA effects. The GCA value of G3 (0.514 **) was higher than G8
(0.227 **). On the other hand, G1 (-0.023 **), G4 (-0.011 **), G5 (-0.442 *¥*),
G6 (-0.092 **) and G7 (-0.223 **) showed the significant negative GCA effect.
So the parents G2, G3 and G8 were the best general combiner for Brix percentage
(%), (Table 8).
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Among the 56 cross combinations 31 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G8xG3 (1.250*%*)
and the lowest positive significant effect was G6xG7 (0.080**). Thus these 31
crosses were good specific combiner for Brix percentage (%). The cross G8xG3
was the best specific combiner and 22 crosses showed significant negative SCA
effects. The highest negative significant effect was G8xG5 (-1.000**) and the

lowest negative significant effect was G5xG7 (-0.070**).

4.2.17 Vitamin C content (mg/100 g fruit)

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character. Among the eight parents studies the parent G7 and G8 showed the
significant positive GCA effects. The GCA value of G8 (6.149 **) was higher
than G7 (4.854 **). On the other hand, G1 (-0.932 **), G2 (-2.429 **), G3 (-
2.528 **), G4 (-2.019 **), G5 (-1.235 **) and G (-1.860 **) showed the
significant negative GCA effect. So the parents G7 and G8 were the best general

combiner for Vitamin C content (Table 8).

Among the 56 cross combinations 23 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G2xG6 (10.946**)
and the lowest positive significant effect was G5xG3 (0.100**). Thus these 23
crosses were good specific combiner Vitamin C content (mg/100 g fruit). The
cross G2xG6 was the best specific combiner and 33 crosses showed significant
negative SCA effects. The highest negative significant effect was G8xG5
(*15.050**) and the lowest negative significant effect was G4xG5 (-0.188*%*).

4.2.18 Titrable acidity (%)
The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this

character (Table 7). Among the eight parents studies the parent G1, G3, G4 and
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G6 showed the significant positive GCA effects. The GCA value of G4 (0.673
**) was higher than G1 (0.054 **). On the other hand, G2 (-0.529 **), G5 (-0.197
**), G7 (-0.408 **) and G8 (-0.228 **) showed the significant negative GCA
effect. So the parents G1, G3, G4 and G6 were the best general combiner for
Titrable acidity (%), (Table 8).

Among the 56 cross combinations 23 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G8xG4 (2.509*%*)
and the lowest positive significant effect was G7xG2 (0.072**). Thus these 23
crosses were good specific combiner for Titrable acidity (%). The cross G8xG4
was the best specific combiner and 33 crosses showed significant negative SCA
effects. The highest negative significant effect was G6xG3 (-2.781**) and the

lowest negative significant effect was G2xG8 (-0.049**).

4.2.19 Fruit pH

The mean square (MS values) for GCA and SCA were significant for this trait
which suggests the presence of both additive and non-additive gene action for this
character. Among the eight parents studies the parent G1, G2, G3, G5 and G8
showed the significant positive GCA effects. The GCA value of G3 (0.193 **)
was higher than G5 (0.021**). On the other hand, G4 (-0.173**), G6 (-0.106*%*)
and G7 (-0.093**) showed the significant negative GCA effect. So the parents
G1, G2, G3, G5 and G8 were the best general combiner for Fruit pH (Table 8).

Among the 56 cross combinations 20 crosses; showed significant positive SCA
effects (Table 9). The highest positive significant effect was G6xG3 (0.905**)
and the lowest positive significant effect was G6xG3 (0.905**). Thus these 20
crosses were good specific combiner for Fruit pH. The cross G6xG3 was the best
specific combiner and 36 crosses showed significant negative SCA effects. The
highest negative significant effect was G6xG3 (0.905**) and the lowest negative
significant effect was G5xG1 (-0.465*%).
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From the abowve results and discussion it is observed that the parent G1 showed
significant positive GCA effects for number of branches per plant, days to
maturity, Relative Water Content (RWC), Titrable acidity (%) and Fruit pH. The
parent G2 showed significant positive GCA effects for Number of locule per
fruit, Relative Water Content (RWC), Brix percentage (%), Fruit pH. The parent
G3 showed significant positive GCA effects for Number of fruits per Plant, Fruit
Yield per plant (kg), Brix percentage (%), Titrable acidity (%), Fruit pH. The
parent G4 showed significant positive GCA effects for Fruit skin diameter,
Number of locule per fruit, Fruit area index, Fruit Yield per plant (kg), Leaf
chlorophyll content, Titrable acidity (%). The parent G5 showed significant
positive GCA effects for Number of branches per plant, Days to maturity,
Number of locule per fruit, Relative Water Content (RWC), Fruit pH. The parent
G6 showed significant positive GCA effects for Plant height, , Leaf chlorophyll
content, Relative Water Content (RWC), Titrable acidity (%). The parent G7
showed significant positive GCA effects for Fruit skin diameter (mm), Vitamin C
content (mg/100 g fruit). The parent G8 showed significant positive GCA effects
for Leaf chlorophyll content, Brix percentage (%), Vitamin C content (mg/100 g
fruit), Fruit pH.

The maximum SCA effects was observed in the cross combinations G6xG3 for
Plant height, G4xG3 for Days to first flowering, G4xG3 for Days to 50%
flowering, G7xG1 for Number of branches per plant, G6xG1 and G7xG1 for
Number of cluster per plant, G3xG1 for Number of fruits per Plant, G7xG1 for
Days to maturity, G2xG1 for Average fruit weight (g), G7xG1 for Fruit skin
diameter (mm), G5xG4 for Number of locule per fruit, G2xG1 for Fruit area
index (cm?), G2xG1 for Fruit Yield per plant (kg), G4xG8 for Leaf chlorophyll
content, G2xG6 for Relative Water Content (RWC), G8xG3 for Brix percentage
(%), G2xG6 for Vitamin C content, G8xG4 for Titrable acidity (%), G6xG3 for
Fruit pH.
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4.3 Heterosis

The analysis of variance for genotypes i.e., parents and crosses showed
significant difference for all the characters studied. The estimates of percent
heterosis observed in F,; generation over better parents and mid parents are

presented through Table 10, Table 11, Table 12 and Table 13.
4.3.1 Plant height

Among the 56 cross combinations 52 crosses showed positive heterobeltosis for
plant height and 4 crosses showed negative heterobeltosis (Table 10). Heterosis
for this character ranged from -23.39% to 181.60%. The highest negative
heterosis was observed in  G6xG3 (-23.39%). The highest positive heterosis
effect was observed in the cross G2xG6 (181.60%).

Thirty-nine crosses showed positive heterosis over mid parent and 17 of them
showed negative heterosis (Table 10). The estimate of heterosis ranges from -
33.16% to 120.92%. The highest significant positive heterosis was observed in
the cross G8xG2 (120.92%). The highest significant negative heterosis was
observed in the cross G6xG3 (-33.16%).

4.3.2 Days to first flowering

Among the 56 cross combinations 40 crosses showed positive heterobeltosis for
days to first flowering and 16 crosses showed negative heterosis (Table 10).
Heterosis for this character ranged from -22.38% to 44.83%. The highest negative
heterosis was observed in  G3xG5 (-22.38 %). The highest positive heterosis
effect was observed in the cross G7xG6 (44.83%).

Thirty-three crosses showed positive heterosis over mid parent and 23 of them

showed negative heterosis (Table 10). The estimate of heterosis ranges from
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Table 10. Estimation of heterosis over better parent and mid parent of four morphological traits in Solanum lycopercum L.

Plant Days to Days to Number of
Height First Flowering 50% Flowering Branches per Plant
BP MP BP MP BP MP BP MP
G1lxG2 40.80™ -4.09™ 8.39 ™ 5.80 " 5.85 M 3.43™ -25.64 " -17.14 ™
G1xG3 65.29 ** 36.99* 8.39 " 3.33™ 9.36 "™ 5.35 " 2.56 "™ 15.94 "™
GlxG4 21.07™ 5.40 ™ -4.13™ -12.12 "™ -5.30"™ -11.18™ -10.26 " 5.41"™
G1xGb 4587 ** 27.44" -10.49 ™ -10.49 ™ -6.43"™ -6.98" -4.17"™ 5.75 "
G1xG6 4752 ** 439" 12.07"™ 0.39" 8.97 ™ 0.00 "™ -12.82 " -2.86"
G1xG7 0.00 " -1.02" 2.96 " 0.00" 121" -0.60" 7.69 " 13.51"
G1xG8 33.70™ 14.42"™ 0.00 "™ 0.70™ 2.35 "™ 2.05 " -30.77 * -30.77 ™
G2xGl 112.00 ** 4441 2.80 ™ 0.34" 2.34 "™ 0.00 ™ 30.77* 45.71*
G2xG3 115.20 ** 15.20" -4.00" -6.19™ -3.35™ -4.68" -12.90 ™ -11.48 ™
G2xG4 90.40 ** 8.43" 23.97* 10.70"™ 21.19** 10.91"™ 8.57 "™ 15.15™
G2xG5 144.80 ** 40.05™ -13.29 "¢ -15.36 ™ -10.98 ™ -12.50 ™ -16.67 ™ 127"
G2 xG6 181.60 ** 24.16" 23.28* 7.52 " 20.00* 7.41"™ 25.81" 25.81"
G2xG7 68.80 * 13.44™ -12.59 " -17.19 " 9.70" -13.37 " -2.86" 3.03"™
G2xG8 68.00 * 37.25"™ -3.55" -6.53" -2.35™ -4.87"™ -25.64 ™ -17.14 ™
G3xGl 7.44 " -10.96 ™ -4.20M™ -8.67"™ -2.92" -6.48" -2.56" 10.14 "™
G3xG2 40.80" -24.63 " 1.33" -0.98" 2.23" 0.83 " 16.13" 18.03"
G3xG4 5.41" 0.91" 29.75** 12.95" 24,50 ** 12.24™ -20.00 ™ -13.85 "™
G3xG5 17.63" 12.23" -22.38 ** -26.00 ** -19.08 ** -21.57 ** 2.08 ™ 25.64"
G3xG6 41.52 ** 23.47" 26.72** 7.69 " 22.07 ** 7.60 " 41.94* 44.26 *
G3xG7 51.82 ** 27.33" 2.22" -5.48 "™ 1.82" 372" 571" 1.54 "™
G3xG8 25.97"™ -12.81" -7.80"™ -12.75 "™ 5.29" -9.04" -7.69"™ 435"
G4xGl 12.81" -1.80"™ 13.22" 3.79"™ 10.60"™ 3.73"™ 15.38™ 21.62"
G4xG2 73.60* -1.14" 26.45 ** 12.92" 21.19** 10.91™ -17.14 "™ 212,12
G4xG3 -2.87"™ -7.01"™ -4.13"™ -16.55 " -3.97™ -13.43 "™ -37.14 * -32.31™
G4 xGh 9.62 " 9.27" 30.58** 19.70* 25.17 ** 16.67 * -20.83 ™ -8.43"™
G4 xG6 47.13** 222" 13.79"™ 11.39"™ 4,14 "™ 2.03™ -22.86 " -18.18 ™
G4 xG7 40.49 * 23.71"™ 9.92 " 391" 11.92" 6.96 " -14.29 ™ -14.29 ™
G4 xG8 41.99™ 3.84 " 28.10 ** 18.32" 21.19** 14.02" -28.21" -24.32 "

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 10. (Cont’d)

Plant Days to Days to Number of
Height First Flowering 50% Flowering Branches per Plant
BP MP BP MP BP MP BP MP
G5xGl1 11.98" 2.17™ -2.80"™ -2.80™ -7.02"™ -7.56" 417" 14.94™
G5xG2 39.20"™ -20.37 ™ 0.00 "™ -2.39™ 5.20 ™ 3.41M™ -20.83 ™ -3.80™
G5xG3 -13.14 ™ -17.13 ™ 8.39 ™ 3.33™ 6.94 " 3.64 "™ -29.17 * -12.82 ™
G5xG4 -6.73"™ -7.03™ 331™ 5.30M™ -1.99™ -8.64" -43.75 ** -34.94 *
G5xG6 25.32" 37" 37.07 ** 22.78* 29.66 ** 18.24* -22.92 " -6.33"
G5xG7 34.01* 18.43" 6.67 " 360" 10.30"™ 7.69 " -35.42 ** -25.30 "
G5xG8 51.93* 11.56™ 4,26 "™ 352" -4.12"™ -4.96" -29.17 * -21.84 ™
G6xG1 44,63 ** 2.34 "™ 37.07 ** 22.78* 34.48 ** 23.42** -35.90 * -28.57 "™
G6xG2 68.00 * -25.93 " 172" -11.28 " 1.38 "™ 9.26" 16.13™ 16.13™
G6xG3 -23.39 " -33.16 ** 18.10"™ 0.37" 22.07 ** 7.60 " 6.45 "™ 8.20 "
G6xG4 20.38™ 0.00 " 517" 295" 8.28 " 6.08 " 2.86 " 9.09 "
G6xG5 32.37* 9.55 " 32.76** 18.92" 23.45** 12.58"™ -39.58 ** -26.58 "
G6xG7 37.25* -1.60" 21.55* 12.35"™ 17.93* 10.32" 14.29"™ 21.21"™
G6xG8 120.99 ** 28.41" 13.79"™ 2.72" 10.34™ 1.59 " 0.00 ™ 11.43"™
G7xGl 19.42" 18.20"™ 0.00 ™ -2.88" 0.61" -2.38" -38.46 * -35.14 "
G7xG2 96.00 ** 31.72" -17.78 * -22.11* -13.94 * -17.44 * -25.71 "™ 2121
G7xG3 5.26 " -11.71 "™ -4.44"™ -11.64 ™ -4.24"™ 9.46" 0.00 "™ 7.69 "
G7xG4 18.22" 410" 19.01* 12.50"™ 15.89* 10.76 ™ 22.86" 22.86"
G7xG5 0.00 " -11.63 " 5.19 ™ 2.16 ™ 3.64"™ 118" 417" 10.84 "™
G7xG6 68.02 ** 20.46 " 44 83 ** 33.86** 35.17** 26.45** 22.86" 30.30"™
G7xG8 31.49M™ 11.21" 5.93 " 3.62" 6.06 " 4.48 "™ -2.56" 2.70™
G8xGl1 64.09 ** 40.43" -10.64 ™ -11.27 "™ -11.18 ™ -11.44 "™ 5.13"™ 5.13"™
G8xG2 170.40 ** 120.92 ** -9.93"™ 21271 9.41M -11.75 "™ 0.00 "™ 11.43"
G8xG3 48.07 * 2.49 ™ -5.67" -10.74 ™ -4.12"™ -7.91M -17.95 " -7.25™
G8xG4 73.48 ** 26.87" 11.57"™ 3.05"™ 9.27 " 2.80 " -17.95 "™ -1351 "™
G8xGh 4254 "™ 467" 1.42" 0.70 " -0.59"™ -1.46" -43.75 ** -37.93 *
G8xG6 118.78 ** 27.13" 20.69* 8.95 " 15.86* 6.67 " -33.33 * -25.71 "
G8xG7 104.97 ** 73.36 ** 17.04* 14.49"™ 14.55* 12.84" -17.95 " -13.51 "

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 11. Estimation of heterosis over better parent and mid parent of five morphological traitsin Solanum lycopercum L.

Number of Cluster Number of Fruit Number of Fruit Days to Fruit
per Plant per Cluster per Plant Maturity Weight
BP MP BP MP BP MP BP MP BP MP
G1lxG2 -13.21 ™ -8.00™ 0.003™ 3.70™ 5.43"™ 2.79"™ -0.83"™ -2.45™ 49.16"™ 62.15"
G1xG3 13.21™ 14.29™ 0.003™ 3.70"™ 3.88™ 20.18* 417" 2.25" -21.10™ -8.57"
GlxG4 7.14™ -4.59"™ 0.003™ 7.69 ™ 10.85"™ 22.75* 0.00" -0.81™ 35.72" 55.32"
G1xGh 10.91™ 12.96 " 22,22 -12.50 ™ -45.74 ** -38.86 ** 2.81™ 0.99" -22.32" 6.75"
G1xG6 11.32" 18.00™ 0.00 "™ 345" -24.03 ** -18.67 * 1.24™ -0.41™ 128.71** 144,44 **
G1xG7 3.57™ 6.42 "™ -7.14™ 8.33"™ 4.65™ 11.11™ 2.86" 2.02" 4,54 14.73™
G1xG8 3.77"™ 8.91"™ 0.00 "™ 0.00 "™ -11.63™ -8.06"™ -4.82* -4.82" 15.35"™ 38.69"
G2xGl 13.21"™ 20.00" -14.29 ™ -11.11 5.43"™ 8.37™ 8.30 ** 6.53 * 70.14* 84.97*
G2xG3 -3.85" 1.01" 15.38™ 15.38™ 0.82" 13.89™ -1.25™ -1.46™ 42.80™ 77.43*
G2xG4 -8.93" -0.97" 0.00 " 4.00 " 0.82" 8.85" 2.90™ 2.06™ 32.38"™ 62.65™
G2xG5 -9.09" -1.96" -33.33 * -22.58 " -15.57 * -7.21" 3.73"™ 0.20™ -26.95™ 5.69"
G2xG6 21.28" 21.28" -13.33™ -7.14™ -22.95 ** -19.66 * 3.32" 3.32"™ -6.28" 8.25"
G2xG7 -1.79" 6.80 " 15.38" 30.43™ -21.31 ** -18.64 * 1.24™ 0.41™ 9.61" 29.68"™
G2xG8 27.08"™ 28.42" 0.00 " 370" -2.46" -1.24" -0.83" -2.45" 66.51 ** 73.56*
G3xGl -7.55" 6.67" 28.57"™ 33.33™ -24.03 ** -12.11™ 3.33™ 1.43"™ -21.50™ -9.04"
G3xG2 13.46" 19.19™ -15.38 " -15.38 " 13.93" 28.70 ** 2.50™ 2.29" -3.70™ 19.65™
G3xG4 -17.86 ™ -14.81" -23.08 " -20.00 " 28.85** 35.35** -0.83" -1.86" -9.90™ -8.58"
G3xGh 20.00" 23.36™ -33.33 * -22.58 " 22.00* 25.77* 7.92 ** 4.02" -14.53" 5.05"
G3xG6 19.23" 25.25"™ 0.00 " 7.14 "™ 14.29" 24.27* 5.83* 5.61* 22.21™ 33.32"
G3xG7 -12.50 " -9.26" 7.69 ™ 21.74" 11.40™ 22.12* 1.25" 0.21™ 43.62" 52.56"
G3xG8 577" 10.00"™ 0.00 " 370" -8.40™ 2.35" 2.50™ 0.61"™ 49.16"™ 62.15"
G4xGl 16.07™ 19.27" 14.29™ 23.08" -16.28 * -7.30™ 4.08" 3.24™ -21.10™ -8.57"
G4xG2 -16.07 " -8.74" -7.69"™ -4.00"™ 3.28"™ 11.50™ -0.83™ -1.65™ 35.72" 55.32"
G4xG3 -28.57 * -25.93 " 30.77" 36.00" 7.69" 13.13"™ -3.33"™ -4.33"™ -22.32" 6.75"
G4xGh -3.57™ -2.70"™ -50.00 ** -40.00 * 15.38"™ 17.65™ 1.22" -1.39™ 128.71** 144.44 **
G4 xG6 -1.79"™ 6.80 " 0.00 "™ 11.11"™ -6.25™ -2.78"™ -1.66"™ -2.47™ 4,54 14.73"
G4 xG7 -19.64 " -19.64 " 25.00" 36.36" 15.79" 21.10* -2.04™ -2.04™ 15.35" 38.69"
G4 xG8 -16.07 " -9.62" 21.43" 30.77" -0.84" 5.83" -2.86" -3.64"™ 70.14* 84.97*

™=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 11 (Cont’d)

Number of Cluster Number of Fruit Number of Fruit Days to Fruit
per Plant per Cluster per Plant Maturity Weight
BP MP BP MP BP MP BP MP BP MP

G5xG1 21.82" 24.07" 44,44 ** -37.50 * -25.58 ** -16.16™ 4.42" 2.56" 45.89" 49.93"
G5xG2 182" 9.80 "™ -11.11"™ 3.23™ -6.56" 2.70™ 2.90" -0.60™ -7.78"™ 5.53"
G5xG3 5.45 ™ 8.41"™ -16.67 " -3.23™ 29.00 ** 32.99** 1.67" -2.01"™ 9.67™ 34.75™
G5xG4 -19.64 " -18.92 " -33.33 * -20.00 ™ 11.54" 13.73"™ -3.27"™ S5.77* -36.57" -35.64"™
G5xG6 -3.64"™ 3.92M™ -16.67 " -9.09" 10.71" 16.98" 2.49™ -1.00"™ -52.96 ** -41.53"
G5xG7 -12.50 " 211,71 -27.78 ™ -7.14™ 0.88™ 7.48™ -1.63™ 417" -20.13"™ -14.03"™
G5xG8 -3.64"™ 2.91™ -16.67 " -6.25" -4.20™ 411" -2.01™ -3.75™ 4558"™ 52.51™
G6xGl1 -18.87 " -14.00 " -20.00 "™ -17.24 ™ -10.08™ -3.73™ -2.49™ -4.08™ -30.76 * -12.14™
G6xG2 17.02"™ 17.02" -13.33 ™ -7.14™ 11.48™ 16.24™ 2.07™ 2.07™ -43.29 ** -22.07™
G6xG3 5.77 "™ 11.11"™ 0.00 "™ 7.14 "™ 5.36" 14.56" 1.25™ 1.04™ -35.41* -6.55"
G6xG4 5.36" 291" -6.67" 370" 5.36" 9.26" 2.07" 1.23"™ -41.93 ** -28.63"™
G6xG5 -1.82" 5.88 " -16.67 " -9.09" 11.61" 17.92" -0.83" -4.21" -50.57 ** -38.56"°
G6xG7 -10.71 ™ -2.91"™ -6.67" 12.00™ 0.88"™ 177" 3.73" 2.88"™ -28.18™ -5.66"
G6xG8 12,50 13.68" -33.33 "™ -31.03 " -5.04" -2.16" 3.32" 1.63" -40.33 ** -23.18™
G7xGl -25.00 * -22.94 " 0.00 " 16.67"™ 0.00™ 6.17" -4.49™ -5.26" 6.56" 11.77™
G7xG2 -21.43 "™ -14.56 " 0.00 "™ 13.04™ 4.10™ 7.63"™ -2.07™ -2.88" 3.50™ 10.62"
G7xG3 714 -3.70" 15.38" 30.43™ 19.30* 30.77 ** 2.08"™ 1.03" 13.85™ 31.50™
G7xG4 8.93 " 8.93" 0.00 " 9.09 " 12.28" 17.43" 3.27™ 3.27™ 37.04™ 49.51™
G7xG5 10.71"™ 11,71 22,22 0.00 ™ 9.65" 16.82™ 4.49" 1.79" 0.42" 8.10™
G7xG6 1250 22.33"™ -6.67" 12.00"™ -7.89" -7.08™ 4.98 * 4.12" -55.76 ** -41.88"™
G7xG8 -1.79"™ 5.77"™ -14.29 ™ 0.00 ™ -2.52" -0.43"™ 1.22M 0.40™ 31.04"™ 34.83"
G8xGl 1.89 " 6.93 " -14.29 " -14.29 " -27.13 ** -24.19 ** -0.80™ -0.80" 76.11** 79.63*
G8xG2 16.67 "™ 17.89"™ 7.14 "™ 11.11"™ -18.03 * -17.01™ 3.32" 1.63" -6.18"™ 2.97™
G8xG3 577" -2.00M™ -21.43 "™ -18.52 ™ 1.68"™ 13.62™ 0.83" -1.02" 70.64 * 101.87 **
G8xG4 714 0.00 "™ 0.00 "™ 7.69 ™ -2.52" 4.04" -1.22™ -2.02" 20.49" 27.99™
G8xGh -16.36 " -10.68 " -33.33 * -25.00 "™ 2.52" 11.42" -4.82* -6.51* -20.22" -16.42"
G8xG6 -6.25" -5.26" -13.33 ™ -10.34 ™ -21.01 ** -18.61 * -2.07™ -3.67" -42.59 ** -26.10™
G8xG7 -10.71 ™ -3.85"™ -21.43 "™ -8.33"™ -18.49 * -16.74™ -1.22" -2.02" 11.53"™ 14.76"™

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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26% to 33.86%. The highest significant positive heterosis was observed in the
cross G7xG6 (33.86%). The highest significant negative heterosis was observed
in the cross G3xG5 (-26%).

4.3.3 Days to 50% flowering

Among the 56 cross combinations 36 crosses showed positive heterobeltosis for
days to 50% flowering and 20 crosses showed negative heterosis (Table 10).

Heterosis for this character ranged from -19.08% to 35.17%. The highest negative

heterosis was observed in  G3xG5 (-19.08 %). The highest positive heterosis
effect was observed in the cross G7xG6 (35.17%).

Thirty-three crosses showed positive heterosis over mid parent and 23 of them
showed negative heterosis (Table 10). The estimate of heterosis ranges from -
21.57% to 26.45%. The highest significant positive heterosis was observed in the
cross G7xG6 (26.45%). The highest significant negative heterosis was observed

in the cross G3xG5 (-21.57%).
4.3.4 Number of branches per plant

Among the 56 cross combinations 19 crosses showed positive heterobeltosis for
number of branches per plant and 37 crosses showed negative heterosis (Table
10). Heterosis for this character ranged from -43.75% to 41.94%. The highest
negative heterosis was observed in  G5xG4 (-43.75%). The highest positive

heterosis effect was observed in the cross G3xG6 (41.94%).

Thenty-seven crosses showed positive heterosis over mid parent and 29 of them
showed negative heterosis (Table 10). The estimate of heterosis ranges from -
37.93% to 45.71% The highest significant positive heterosis was observed in the
cross G2xG1 (45.71%). The highest significant negative heterosis was observed
in the cross G8xG5 (-37.93%).
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4.3.5 Number of cluster per plant

Among the 56 cross combinations 24 crosses showed positive heterobeltosis for
number of cluster per plant and 32 crosses showed negative heterosis (Table 11).
Heterosis for this character ranged from -28.57% to 27.08 %. The highest
negative heterosis was observed in  G4xG3 (-28.57 %). The highest positive

heterosis effect was observed in the cross G2xG8 (27.08 %).

Thirty-three crosses showed positive heterosis over mid parent and 23 of them
showed negative heterosis (Table 11). The estimate of heterosis ranges from -
25.93 % to 120.92%. The highest significant positive heterosis was observed in
the cross G2xG8 (28.42 %). The highest significant negative heterosis was
observed in the cross G4xG3 (-25.93 %).

4.3.6 Number of fruit per cluster

Among the 56 cross combinations 25 crosses showed positive heterobeltosis for
number of fruit per cluster and 31 crosses showed negative heterosis (Table 11).
Heterosis for this character ranged from -50% to 30.77 %. The highest negative
heterosis was observed in  G4xG5 (-50 %). The highest positive heterosis effect

was observed in the cross G4xG3 (30.77 %).

Thirty-three crosses showed positive heterosis over mid parent and 24 of them
showed negative heterosis (Table 11). The estimate of heterosis ranges from -40
% to 36.36%. The highest significant positive heterosis was observed in the cross
G4xG7 (36.36 %). The highest significant negative heterosis was observed in the
cross G4xG5 (-40 %).

4.3.7 Number of fruits per Plant

Among the 56 cross combinations 24 crosses showed positive heterobeltosis for
number of fruit per Plant and 32 crosses showed negative heterosis (Table 11).
Heterosis for this character ranged from -28.57% to 27.08 %. The highest
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negative heterosis was observed in  G4xG3 (-28.57%). The highest positive

heterosis effect was observed in the cross G2xG8 (27.08%).

Thirty-three crosses showed positive heterosis over mid parent and 23 of them
showed negative heterosis (Table 11). The estimate of heterosis ranges from -
25.93% to 28.42%. The highest significant positive heterosis was observed in the
cross G2xG8 (28.42%). The highest significant negative heterosis was observed
in the cross G4xG3 (-25.93%).

4.3.8 Days to maturity

Among the 56 cross combinations 34 crosses showed positive heterobeltosis for
days to maturity and 22 crosses showed negative heterosis (Tablell). Heterosis
for this character ranged from -4.82 % to 8.3 %. The highest negative heterosis
was observed in  G1xG8 (-4.82 %). The highest positive heterosis effect was

observed in the cross G2xG1 (8.3 %).

Twenty-seven crosses showed positive heterosis over mid parent and 29 of them
showed negative heterosis (Table 11). The estimate of heterosis ranges from -
6.51% to 6.53%. The highest significant positive heterosis was observed in the
cross G2xG1 (6.53%). The highest significant negative heterosis was observed in

the cross G8xG5 (-6.51%).
4.3.9 Average fruit weight (g)

Among the 56 cross combinations 31 crosses showed positive heterobeltosis for
average fruit weight and 25 crosses showed negative heterosis (Table 11).
Heterosis for this character ranged from -55.76 % to 128.71 %. The highest
negative heterosis was observed in  G7xG6 (-55.76 %). The highest positive
heterosis effect was observed in the cross G1xG6 (128.71 %).

Thirty-nine crosses showed positive heterosis over mid parent and 17 of them

showed negative heterosis (Table 11). The estimate of heterosis ranges from -
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41.88% to 144.44 %. The highest significant positive heterosis was observed in
the cross G1xG6 (144.44 %). The highest significant negative heterosis was
observed in the cross G7xG6 (-41.88 %).

4.3.10 Fruit skin diameter (mm)

Among the 56 cross combinations 27 crosses showed positive heterobeltosis for
fruit skin diameter and 29 crosses showed negative heterosis (Table 12).
Heterosis for this character ranged from -84% to 61.54%. The highest negative
heterosis was observed in  G3xG1 (-84%). The highest positive heterosis effect

was observed in the cross G8xG7 (61.54%).

Thirty-three crosses showed positive heterosis over mid parent and 23 of them
showed negative heterosis (Table 12). The estimate of heterosis ranges from -
75% to 68%. The highest significant positive heterosis was observed in the cross
G8xG7 (68%). The highest significant negative heterosis was observed in the
cross G3xG1 (-75%).

4.3.11 Number of locule per fruit

Among the 56 cross combinations 42 crosses showed positive heterobeltosis for
number of locule per fruit and 14 crosses showed negative heterosis (Table 12).
Heterosis for this character ranged from -25% to 114.286 %. The highest negative
heterosis was observed in  G1xG7 (-25%). The highest positive heterosis effect

was observed inthe cross G2xG3 (114.286 %).

Forty-seven crosses showed positive heterosis over mid parent and 9 of them
showed negative heterosis (Table 12). The estimate of heterosis ranges from-
20.004% to 130.769%. The highest significant positive heterosis was observed in
the cross G2xG3 (130.769%). The highest significant negative heterosis was
observed in the cross G1xG7 (-20.004%).
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Table 12. Estimation of heterosis over better parent and mid parent of next five morphological traitsin Solanum lycopercum L.

Fruit Skin Number of Fruit area Yield per Leaf Chlorophyll
Diameter (mm) locule per fruit index (cm?) Plant (kg) content

BP MP BP MP BP MP BP MP BP MP
GlxG2  -20.00™ 0.00" 100.004** 100.004** 86.040 ** 110.847 **  84.64** 111.25** -22.222 ** -5.085 **
G1xG3  -25.00™ -6.25" 14.286 " 23.077™ -15.327 ** -12.624**  -0.48" 33.21"™ -27.349 ** -10.540 **
GlxG4  -30.00 * -22.22" 0.004" 0.004" -30.111 ** -26.180** -13.71" -7.99™ -50.930 ** -31.263 **
GlxG5  -30.00 * -22.22" -11.111°" 0.004"™ 8.515* 27.311** -41.81"™ -36.72" -5.450 ** 10.680 **
G1lxG6  -35.00 * -18.75" 0.004" 0.004" -48.765 ** -40.262**  -68.87 ** -62.50 ** 36.120 ** 40.830 **
G1lxG7  -40.00 ** -27.27™ -25.000" -20.004" -39.698 ** -37.826** -1.48"™ 11.16" -40.771** -35.045 **
G1xG8  -35.00 * -18.75™ 0.004"™ 7.692" -17.438 ** -3.572ns -3L.77"™ -27.43" -7.932 ** -0.307 **
G2xGl  -40.00 ** -25.00" 28571 28571 -7.916 ™ 4.363ns -22.02" -10.78™ -43.803 ** -31.421 **
G2xG3  0.25™ 0.72" 114.286 ** 130.769 ** 17.540** 29511 ** 46.00™ 75.84" -45.720 ** -45.090 **
G2xG4  0.06"™ 14.29™ 57.143** 57.143** 25.568 ** 49.198** -6.94" 0.38" -47.067 ** -36.590 **
G2xG5  -25.00™ -14.29" 44444 ** 62.500 ** 13.425* 18.054 **  36.73" 44 58" -24.786 ** -20.899 **
G2xG6  8.33"™ 8.33" 57.143 ** 57.143** -20.951 ** 2.196ns -34.90 * -12.85™ -38.889 ** -23.427 **
G2xG7  30.77™ 36.00™ 62.500 ** 73.333** -3.012 ns 6.952ns 129.88** 103.12 ** -26.068 ** -16.727 **
G2xG8  58.33* 58.33* 0.004" 7.692" 82.309 ** 88.763** 3.62" 12.04™ -20.940 ** -9.866 **
G3xGl  -84.00 ** -75.00 ** 0.004" 7.692" 31.231** 35.421** -13.35" 15.98" -43.633 ** -30.591 **
G3xG2  25.00™ 25.00™ 0.004" 7.692" -11.941 ** -2.972ns  92.42** 131.75** -43.633 ** -42.978 **
G3xG4  -12.50™ 0.44" 14.286 " 23.077"™ -9.451 ** -1.481ns 84.36** 135.70 ** -15.880 ** -0.170 **
G3xG5  0.03"™ 14.29™ 22222 46.667 * 45.436 ** 66.097 ** 58.00 * 98.89* -18.580 ** -13.430 **
G3xG6  25.00™ 25.00™ 57.143 ** 69.231 ** -15.460 ** 1.181ns -17.96™ 23.70™ -19.624 ** 1.583 **
G3xG7  0.00™ 4.00™ -12.500" 0.004" 22.001** 22.110** 6.52" 29.94" -30.480 ** -20.903 **
G3xG8  25.00™ 25.00™ 0.004" 0.004" 5.958 ns 20.448** 0.17" 28.31" -46.347 ** -38.221 **
G4xGl  -30.00 * -22.22" 100.004** 100.004** -2.465 ns 3.022ns 51.14* 61.15* -45.207 ** -23.246 **
G4xG2  -18.75"™ -7.14% 71.429 ** 71.429 ** -40.334 ** -29.106 **  -5.08"™ 2.38" -64.235** -57.155 **
G4xG3  -6.25™ 7.14™ 100.004** 115.385 ** -30.090 ** -23.936** -0.62" 27.05™ -47.067 ** -37.182 **
G4xG5  12.50™ 12.50™ 66.667 ** 87.500 ** 38.234** 69.648** 571" 7.96"™ -44.778 ** -31.133**
G4xG6  18.75™ 35.71" 0.004" 0.004" -24.811 ** -16.486** -20.81" 0.36" -26.037 ** 5.726 **
G4xG7  -12.50™ -3.45" 87.500 ** 100.004** 51.414** 64.609 ** 54.33" 63.97" -55.794 ** -41.808 **
G4xG8  -6.25™ 7.14" 14.286 " 23.077"™ 10.330 ** 34.835** 63.03* 63.45* -28.898 ** -5.513 **

LB

=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 12. (Cont’d)

Fruit Skin Number of Fruit area Yield per Leaf Chlorophyll
Diameter (mm) locule per fruit index (cm?) Plant (kg) content

BP MP BP MP BP MP BP MP BP MP
G5xGl  -35.00 * -27.78" -11.111"™ 0.004™ 68.769 ** 98.002** 13.39"™ 23.29"™ -22.512 ** -0.293 **
G5xG2  -18.75™ -7.14" 22.222"™ -12.500 " 102.635 ** 110.904 **  2.99"™ 8.91"™ -8.761 ** -4.045 **
G5xG3  0.23"™ 14.29™ 22222 46.667 * 34518 ** 53.628 ** 37.35™ 72.88" -24.008 ** -19.201 **
G5xG4  0.60™ 0.890" 22.222"™ -12.500 " -17.445** 1.315™ -29.13" -27.62" -34.907 ** -18.822 **
G5xG6  -31.25™ -21.43" -22.222" -12.500" -43.548 ** -24.937**  -48.49 ** -33.71™ -11.137 ** 6.990 **
G5xG7  -6.25™ 3.45™ -11.111" -5.882 " -6.585 " 6.768" -10.24" -6.54" -16.351 ** -10.064 **
G5xG8  0.04™ 14.29" 22.222"™ -6.667 " 23.906 ** 24577** 5438* 58.07" -6.872 ** 1.419 **
G6xGl  -40.00 ** -25.00" 57.143** 57.143** 24777 ** -12.294**  -28.38" -13.73™ 31.773** 36.332**
G6xG2  16.67™ 16.67™ 71.429 ** 71.429 ** -39.396 ** -21.650** -31.68 * -8.54"™ 2.991 ** 29.050 **
G6xG3  0.10™ 0.88"™ 28571 38.462" -27.831** -13.626** -33.41* 0.41™ -22.338 ** -1.847 **
G6xG4  -37.50 * -28.57" 57.143** 57.143** 3.089" 14504 ** -39.29 * -23.06™ -37.053 ** -10.020 **
G6xG5  -18.75"™ -7.14% 33.333* 50.004** -44.080 ** -25.645**  -45.17 ** -29.44™ -3.791 ** 15.835**
G6xG7  7.69" 12.00™ -12.500" -6.667 "™ -21.688 ** -6.341™  -26.66" -2.87™ -3.581 ** 9.034 **
G6xG8  16.67™ 16.67™ 14.286 " 23.077™ -5.148 "™ 25.665** -40.11* -24.25™ 23.796 ** 38.291 **
G7xGl  -25.00™ -9.09"™ 0.004" 6.667 " 19.189 ** 22.889** 6.18" 19.79™ 19.284 ** 30.816 **
G7rxG2  0.34"™ 4.00™ -25.000" -20.004" -9.852 * -0.591™ 18.98™ 20.90™ 5.983 ** 19.374**
G7xG3  23.08™ 28.00™ -12.500" 0.004" -10.516 * -10.436* 39.69" 70.40™ -7.098 ** 5.701 **
G7xG4  -6.25™ 3.45™ 12.500 " 20.004" -31.826 ** -25.885**  68.53* 79.07* -39.914 ** -20.904 **
G7xG5  -18.75"™ -10.34" 100.004** 111.765 ** 41.246 ** 61.435** 22.22" 27.27" -13.981 ** -7.516 **
G7xG6  23.08™ 28.00™ 0.004" 6.667 " -45.693 ** -35.050 **  -58.39 ** -44.89" 35.813** 53.583**
G7/xG8  53.85* 60.00* 12.500" 28571 -5.079 "™ 7.985™ 33.60™ 42.30™ 4.132** 5.587 **
G8xGl  -35.00 * -18.75" 0.004" 7.692" -10.602 ** 4,412™ 2455™ 32.48" 32.011** 42.945 **
G8xG2  0.34"™ 1.90™ 0.004" 7.692" -5.740 "™ -2.403™ -20.26™ -13.78™ -9.615 ** 3.045 **
G8xG3  25.00™ 25.00™ 100.004** 100.004** 32.754** 50.908 ** 74,94 ** 124.08 ** -36.326 ** -26.683 **
G8xG4  -18.75™ -7.14™ 14.286 " 23.077™ 16.438 ** 42.300** 32.36™ 32.71"™ -0.286 ** 32.510**
G8xG5  -31.25" -21.43"™ 22,222 -6.667 "™ 8.047" 8.632" -9.98™ -7.83"™ -16.114 ** -8.645 **
G8xG6  25.00™ 25.00™ 0.004" 7.692" -29.375** -6.433"™  -49.67 ** -36.34™ 31.445** 46.835**
G8xG7  61.54** 68.00 ** -12.500 "™ 0.004"™ -3.241 " 10.075™ -6.41" -0.32" 0.004 "™ 1.397 **

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 13. Estimation of heterosis over better parent and mid parent of last five morphological traits in Solanum lycopercum L.

Relative Water . Vitamin C Titrable Fruit
Brix (%) -
Content content Acidity (%) pH

BP MP BP MP BP MP BP MP BP MP
GlxG2  59.434** 65.539 ** -30.004** -30.004** 91.319** 105.943 ** -39.988 ** -35.728 ** -29.663 ** -22.042 **
GlxG3  128.226 ** 136.874 ** -42.857 ** -33.333 ** 78.777** 86.410 ** -28.854 ** -11.907 ** -29.268 ** -25.720 **
GlxG4  -21.125** 6.382 ** 0.004" 11.111** -39.858 ** -29.708 ** -14.294 ** 0.661** -24.045 ** -15.288 **
GlxG5  11.532** 59.306 ** -18.000 ** -8.889 ** 22.227** 51.102 ** 0.218** 2.534 ** -27.191 ** -21.739 **
GlxG6  43.732** 71.146 ** 0.004™ 0.004™ -29.069 ** -22.205** 0.323** 7.161** -31.910 ** -21.705 **
GlxG7  -23.172** 12.382** -20.004** -11.111** -48.146 ** -30.824 ** -13.235** -8.308 ** -31.461** -20.261 **
G1lxG8  64.054** 118.126 ** 0.004" 0.004" -30.728 ** 0.298 ** 48.017 ** 75.325 ** -26.517 ** -16.900 **
G2xGl  87.707 ** 94.894 ** 0.004" 0.004" 32.066 ** 42.160** -46.704 ** -42.921 ** -8.764 ** 1.121**
G2xG3  162.842 ** 182.837 ** -28.571** -16.667 ** 90.262 ** 112.854 ** -68.879 ** -59.417 ** -28.049 ** -16.706 **
G2xG4  27.089 ** 67.079 ** -20.004** -11.111** 5.806 ** 31.419** -40.719 ** -26.346 ** -5.307 ** -4.641 **
G2xG5  -9.621 ** 26.219** -10.004** 0.004" -3.895 ** 25.621 ** 10.028 ** 20.364 ** -0.522 ** 2.834 **
G2xG6  186.322 ** 230.288 ** -20.004** -20.004** 88.718 ** 121.166 ** 6.564 ** 6.865 ** -11.453 ** -7.715 **
G2xG7  12.446** 61.038 ** -22.000 ** -13.333** -24.695 ** 5.448 ** -61.241** -60.689 ** 26.257 ** 33.333**
G2xG8  20.459 ** 55.998 ** 0.004" 0.004" -44.662 ** -16.608 ** -25.185 ** -16.579 ** 3.631** 6.000 **
G3xGl  118.783 ** 127.073 ** -38.571** -28.333 ** -5.108 ** -1.057 ** -82.679 ** -78.554 ** -14.837 ** -10.566 **
G3xG2  94.138** 108.906 ** -28.571** -16.667 ** 3.039 ** 15.274** -64.729 ** -54.006 ** -26.016 ** -14.353 **
G3xG4  16.350** 60.748 ** -35.714 ** -18.182 ** 25.111** 40.998 ** -47.180 ** -43.669 ** -30.081 ** -18.580 **
G3xG5  -23.745** 11.240** -42.857 ** -27.273 ** -17.763 ** -1.684 ** -51.270 ** -40.732 ** -27.033 ** -17.943 **
G3xGB  -7.483 ** 13.517 ** -44.286 ** -35.000 ** 2.312** 7.868 ** -56.659 ** -43.593 ** 4.065** 24726 **
G3xG7  -72.354** -58.751 ** -35.714 ** -18.182 ** -45.541 ** -29.443 ** -41.401 ** -24.347 ** -37.805 ** -24.631 **
G3xG8  -11.591** 20.498 ** 7.143 ** 25.000 ** -76.511 ** -66.808 ** -34.622 ** -8.152 ** -34.553 ** -22.782 **
G4AxGl  -27.524** -2.248 ** -20.004** -11.111 ** -10.900 ** 4,137 ** 12.321** 31.921** -14.607 ** -4.762 **
G4xG2  -1.841** 29.045 ** 0.004" 11.111** -50.624 ** -38.671** 19.177 ** 48.073 ** -4.469 ** -3.797 **
G4xG3  -57.994 ** -41.965 ** -42.857 ** -27.273** 23.255** 38.906 ** -11.295 ** -5.399 ** -33.130 ** -22.130 **
G4xGh5  -28.922 ** -22.271** 0.004" 0.004" -55.818 ** -52.713 ** -34.605 ** -24.666 ** -14.883 ** -11.413**
G4xG6  3.382** 20.883 ** -20.004** -11.111 %= -37.630 ** -33.065 ** -54.508 ** -43.599 ** -12.748 ** -9.677 **
G4xG7  -48.846** -41.891 ** 25.000 ** 25.000 ** -18.181 ** -3.848 ** -5.079 ** 16.658 ** 1.983 ** 6.984 **
G4xG8  3.165** 5.397 ** -4.000 ** 6.667 ** -55.610 ** -42.207 ** 37.688 ** 85.574 ** 9.632 ** 11.367 **

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Table 13 (Cont’d)

Relative Water . Vitamin C Titrable Fruit
Brix (%) -
Content content Acidity (%) pH

BP MP BP MP BP MP BP MP BP MP
G5xGl  -33.793** -5.434 ** -40.004** -33.333 ** 11.262 ** 37.5647 ** -14.924 ** -12.957 ** -6.292 ** 0.725**
G5xG2  -3.125 ** 35.291 ** -42.000 ** -35.556 ** -20.343 ** 4,122 ** 20.778 ** 32.124** -18.799 ** -16.059 **
G5xG3  -47.323** -23.156 ** -57.143 ** -45.455 ** -18.408 ** -2.455 ** -36.963 ** -23.330 ** -24.187 ** -14.743 **
G5xG4  -34.695** -28.584 ** 0.004" 0.004" 24.485** 33.233** -29.044 ** -18.259 ** -13.838 ** -10.326 **
G5xG6  -21.526** -1.220 ** -16.000 ** -6.667 ** -18.730 ** -7.131 ** -39.288 ** -33.755 ** -16.971 ** -10.674 **
G5xG7  -17.889** -14.364 ** -25.000 ** -25.000 ** -33.294 ** -26.209 ** -67.158 ** -64.538 ** 2.611** 11.807 **
G5xG8  -1.141** 10.226 ** -36.000 ** -28.889 ** -66.956 ** -59.136 ** -62.224 ** -54.415 ** -8.616 ** -3.448 **
G6xGl  29.586 ** 54.301** 0.004" 0.004" -20.042 ** -12.304 ** 57.955** 68.722 ** -26.742 ** -15.762 **
G6xG2  54.706 ** 78.462 ** -40.004** -40.004** 22.946 ** 44,085 ** -12.381 ** -12.133** -0.559 ** 3.639 **
G6xG3  26.522** 55.240 ** -44.286 ** -35.000 ** -7.145 ** -2.103 ** 49.964 ** 95.172 ** -32.724 ** -19.367 **
G6xG4  -19.253** -5.584 ** -10.004** 0.004" 12.117** 20.323** -3.218 ** 19.991 ** -2.833 ** 0.587 **
G6xG5  -12.867 ** 9.679 ** 0.004" 11.111** -46.143 ** -38.456 ** 15.132** 25.624 ** -2.611 ** 4.775**
G6xG7  -43.383** -26.490 ** -14.000 ** -4.444 ** 1.362 ** 26.218 ** 127.908 ** 130.514 ** 16.109 ** 17.720**
G6xG8  -9.091 ** 4,381 ** -20.004** -20.004** -33.713 ** -9.386 ** -12.816 ** -2.545 ** 3.216 ** 5.216 **
G7xGl  -11.433** 29.553 ** -30.004** -22.222 ** 17518 ** 56.776 ** -42.607 ** -30.349 ** -23.596 ** -11.111 **
G7xG2  -15.406** 21.150** 0.004" 11.111** -49.710 ** -29.580 ** -66.297 ** -65.816 ** 17.039 ** 23.599 **
G7xG3  -51.495** -27.629 ** -28.571** -9.091 ** 2.665** 33.011** -69.047 ** -60.039 ** -27.439 ** -12.069 **
G7xG4  -73.182** -69.535 ** -2.500 ** -2.500 ** 23.771** 45.453 ** -66.687 ** -59.058 ** -5.949 ** -1.337 **
G7xG5  -37.258 ** -34.564 ** 5.000 ** 5.000 ** -19.483 ** -10.932 ** -24.481 ** -18.456 ** -7.050 ** 1.280 **
G7/xG6  -72.685** -64.535 ** -22.000 ** -13.333** 23511 ** 53.798 ** -18.689 ** -17.760 ** 1.520 ** 2.928 **
G7/xG8  -67.056** -61.880 ** -20.004** -11.111 ** -26.945 ** -17.168 ** 30.951 ** 47.853 ** -1.170 ** 2.115**
G8xGl  -20.909 ** 5.159 ** -28.000 ** -28.000 ** 6.895 ** 54.770** -27.302 ** -13.890 ** -7.640 ** 4.447 **
G8xG2  -42.500** -25.536 ** -12.000 ** -12.000 ** -32.718 ** 1.390 ** -12.440 ** -2.369 ** 25.698 ** 28.571**
G8xG3  -9.773 ** 22.976 ** -28.571** -16.667 ** -24.756 ** 6.326 ** -72.835** -61.837 ** -22.764 ** -8.873 **
G8xG4  -37.971** -36.629 ** -10.004** 0.004" -24.557 ** -1.778 ** -72.212 ** -62.547 ** -5.666 ** -4,173 **
G8xGH  -46.241** -40.060 ** 4.000 ** 15.556 ** -7.040 ** 14.962 ** -30.443 ** -16.064 ** 12.272** 18.621**
G8xG6  -0.227 ** 14,558 ** -36.000 ** -36.000 ** -28.936 ** -2.855 ** 38.291 ** 54,583 ** 14.035** 16.244 **
G8xG7  -52.157** -44.639 ** -28.000 ** -20.004** -15.400 ** -4.078 ** 16.668 ** 31.727 ** -8.772 ** -5.740 **

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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4.3.12 Fruit area index (cm?)

Among the 56 cross combinations 23 crosses showed positive heterobeltosis for
fruit area index and 33 crosses showed negative heterosis (Table 12). Heterosis
for this character ranged from -48.765 % to 102.635 %. The highest negative
heterosis was observed in G1xG6 (-48.765 %). The highest positive heterosis
effect was observed in the cross G5xG2 (102.635 %).

Thirty-four crosses showed positive heterosis over mid parent and 22 of them

showed negative heterosis (Table 12). The estimate of heterosis ranges from-

40.262% to 110.904%. The highest significant positive heterosis was observed in
the cross G5xG2 (110.904%). The highest significant negative heterosis was
observed in the cross G1xG6 (-40.262%).

4.3.13 Fruit Yield per plant (kg)

Among the 56 cross combinations 27 crosses showed positive heterobeltosis for
fruit Yield per plant and 29 crosses showed negative heterosis (Table 12).
Heterosis for this character ranged from -68.87 % to 129.88 %. The highest
negative heterosis was observed in G1xG6 (-68.87 %). The highest positive
heterosis effect was observed in the cross G2xG7 (129.88 %).

Thirty-six crosses showed positive heterosis over mid parent and 20 of them
showed negative heterosis (Table 12). The estimate of heterosis ranges from -
62.5% to 135.7%. The highest significant positive heterosis was observed in the
cross G3xG4 (135.7%) and the highest significant negative heterosis was found
in the cross G1xG6 (-62.5%).

4.3.14 Leaf chlorophyll content

Among the 56 cross combinations 11 crosses showed positive heterobeltosis for
leaf chlorophyll content and 45 crosses showed negative heterosis (Table 12).
Heterosis for this character ranged from -64.235% to 36.12%. The highest
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negative heterosis was observed in  G4xG2 (-64.235%). The highest positive

heterosis effect was observed in the cross G1xG6 (36.12%).

Twenty-one crosses showed positive heterosis over mid parent and 35 of them
showed negative heterosis (Table 12). The estimate of heterosis ranges from -
57.155% to 53.583%. The highest significant positive heterosis was observed in
the cross G7xG6 (53.583%). The highest significant negative heterosis was
observed in the cross G4xG2 (-57.155%).

4.3.15 Relative Water Content (RWC)

Among the 56 cross combinations 19 crosses showed positive heterobeltosis for
relative Water Content and 37 crosses showed negative heterosis (Table 13).
Heterosis for this character ranged from -73.182 % to 186.322 %. The highest
negative heterosis was observed in  G7xG4 (-73.182 %). The highest positive
heterosis effect was observed in the cross G2xG6 (186.322 %).

Thirty-five crosses showed positive heterosis over mid parent and 21 of them
showed negative heterosis (Table 13). The estimate of heterosis ranges from -
69.535% to 230.288%. The highest significant positive heterosis was observed in
the cross G2xG6 (230.288%). The highest significant negative heterosis was
observed in the cross G7xG4 (-69.535%).

4.3.16 Brix percentage (%)

Among the 56 cross combinations 15 crosses showed positive heterobeltosis for
brix percentage and 41 crosses showed negative heterosis (Table 13). Heterosis
for this character ranged from -57.143 % to 25 %. The highest negative heterosis
was observed in  G5xG3 (-57.143 %). The highest positive heterosis effect was
observed in the cross G4xG7 (25 %).

Ninteen crosses showed positive heterosis over mid parent and 37 showed
negative heterosis. The estimate of heterosis ranges from -45.455 % to 25%. The
highest significant positive heterosis was found in the cross G3xG8 (25%). The
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highest significant negative heterosis was observed in the cross G5xG3 (-45.455

%).

4.3.17 Vitamin C content (mg/100 g fruit)

Among the 56 cross combinations 21 crosses showed positive heterobeltosis for
Vitamin C content and 35 crosses showed negative heterosis (Table 13).
Heterosis for this character ranged from -76.511 % to 91.319 %. The highest
negative heterosis was observed in  G3xG8 (-76.511 %). The highest positive
heterosis effect was observed in the cross G1xG2 (91.319 %).

Twenty-nine crosses showed positive heterosis over mid parent and 27 of them
showed negative heterosis (Table 13). The estimate of heterosis ranges from -
66.808 % to 121.166%. The highest significant positive heterosis was observed in
the cross G2xG6 (121.166%). The highest significant negative heterosis was
observed in the cross G3xG8 (-66.808 %).

4.3.18 Titrable acidity (%)

Among the 56 cross combinations 16 crosses showed positive heterobeltosis for
titrable acidity and 40 crosses showed negative heterosis (Table 13). Heterosis for
this character ranged from -82.679 % to 127.908 %. The highest negative
heterosis was observed in  G3xG1 (-82.679 %). The highest positive heterosis
effect was observed in the cross G6xG7 (127.908 %).

Nineteen crosses showed positive heterosis over mid parent and 37 of them
showed negative heterosis (Table 13). The estimate of heterosis ranges from -
78.554 % to 130.514 %. The highest significant positive heterosis was observed
in the cross G3xG1 (130.514 %). The highest significant negative heterosis was
observed in the cross G3xG1 (-78.554 %).

4.3.19 Fruit pH
Among the 56 cross combinations 13 crosses showed positive heterobeltosis for
fruit pH and 43 crosses showed negative heterosis (Table 13). Heterosis for this
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character ranged from -37.805 % to 26.257 %. The highest negative heterosis was
observed in G3xG7 (-37.805 %) and highest positive heterosis effect was
observed in the cross G2xG7 (26.257 %).

Thenty-two crosses showed positive heterosis over mid parent and thirty four
crosses showed negative heterosis (Table 13). The estimate of heterosis ranges
from -25.72 % to 33.333 %. The highest significant positive heterosis was
observed in the cross G2xG7 (33.333 %) while the highest significant negative
heterosis was found in the cross G1xG3 (-25.72 %).
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.8

QUMARY AND CONCLSION




CHAPTER V

SUMMARY AND CONCLUSION

An experiment was conducted to study the heterosis and combining ability of
tomato during the winter season of 2017-2018 and 2018-2019 at the experimental
farm of Sher-e-Bangla Agricultural University, Sher-e-Bangla Nagar, Dhaka-
1207. The nature of combining ability and heterosis of eight parents and 56 cross

combinations were evaluated for ninteen parameters.

Among the eight parents G1 showed significant positive GCA effects for number
of branches per plant, days to maturity, Relative Water Content (RWC), Titrable
acidity (%) and Fruit pH. The parent G2 showed significant positive GCA effects
for Number of locule per fruit, Relative Water Content (RWC), Brix percentage
(%), Fruit pH. The parent G3 showed significant positive GCA effects for
Number of fruits per Plant, Fruit Yield per plant (kg), Brix percentage (%),
Titrable acidity (%), Fruit pH. The parent G4 showed significant positive GCA
effects for Fruit skin diameter, Number of locule per fruit, Fruit area index, Fruit
Yield per plant (kg), Leaf chlorophyll content, Titrable acidity (%). The parent
G5 showed significant positive GCA effects for Number of branches per plant,
Days to maturity, Number of locule per fruit, Relative Water Content (RWC),
Fruit pH. The parent G6 showed significant positive GCA effects for Plant
height, Leaf chlorophyll content, Relative Water Content (RWC), Titrable acidity
(%). The parent G7 showed significant positive GCA effects for Fruit skin
diameter (mm), Vitamin C content (mg/100 g fruit). The parent G8 showed
significant positive GCA effects for Leaf chlorophyll content, Brix percentage

(%), Vitamin C content (mg/100 g fruit), Fruit pH.

The maximum SCA effects was observed in the cross combinations G6xG3 for
Plant height, G4xG3 for Days to first flowering, G4xG3 for Days to 50%
flowering, G7xG1 for Number of branches per plant, G6xG1 and G7xG1 for
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Number of cluster per plant, G3xG1 for Number of fruits per Plant, G7xG1 for
Days to maturity, G2xG1 for Awverage fruit weight (g), G7xG1 for Fruit skin
diameter (mm), G5xG4 for Number of locule per fruit, G2xG1 for Fruit area
index (cm?), G2xG1 for Fruit Yield per plant (kg), G4xG8 for Leaf chlorophyll
content, G2xG6 for Relative Water Content (RWC), G8xG3 for Brix percentage
(%), G2xG6 for Vitamin C content, G8xG4 for Titrable acidity (%), G6xG3 for
Fruit pH.

Heterotic responses ower the better parent were calculated and significant
heterosis was found. Highest significant positive heterobeltosis was observed in
the cross G2xG6 (plant height), G3xG6 (number of branches), G2xG8 (number
of cluster per plant), G4xG3 (fruit per cluster), G2xG8 (number of fruit per
plant), G1xG6 (average fruit weight), G8xG7 (fruit skin diameter), G2xG3
(number of locule per plant), G5xG2 (fruit area), G2xG7 (yield per plant),
G1xG6 (leaf chlorophyll content), G2xG6 (relative water content), G4xG7
(Brix%), G1xG2 (Vit-C content), G6xG7 (titrable acidity%) and G2xG7 (fruit
pH). Significant negative heterosis over the better parent were found in crosses
G3xG5 (Days to first flowering), G7xG6 (days to 50% flowering) and G1xG8
(days to maturity).

G2xGlcould be recommended for selection of higher vyield for variety
development. G2xG7 could be recommended for selection to obtain short

duration crop and G2xG1 for early maturity.
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APPENDICES

Appendix I. Map showing the experimental site under the study
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Appendix Il. Morphological, physical and chemical characteristics of initial
soil (0- 15 cm depth) of the experimental site

A. Morphological characteristics of the experimental field

Morphological features Characteristics

Location Sher-e-Bangla Agricultural
University Research Farm, Dhaka

AEZ AEZ-28, Modhupur Tract

General Soil Type Deep Red Brown Terrace Soil

Land type High land

Soil series Tejgaon

Topography Fairly lewveled

B. Physical composition of the soil

Soil separates %

Methods employed

Sand 26 Hydrometer method (Day, 1915)
Silt 45 Do
Clay 29 Do
Texture class Silty loam Do
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Appendix Il. (Cont’d)

C. Chemical composition of the soil

SI. | Soil characteristics Analytical Methods employed
No. data
1 Organic carbon (%) 0.45 Walkley and Black, 1947
2 Total N (%) 0.03 Bremner and Mulvaney,
1965
3 Total S (ppm) 225.00 Bardsley and Lanester,
1965
4 | Total P (ppm) 840.00 Olsen and Sommers, 1982
5 Available N (kg/ha) 54.00 Bremner, 1965
6 | Available P (ppm) 20.54 Olsen and Dean, 1965
7 Exchangeable K | 0.10 Pratt, 1965
(me/100 g soil)
8 Available S (ppm) 16.00 Hunter, 1984
9 pH (1:2.5 soil to water) | 5.6 Jackson, 1958
10 |CEC 11.23 Chapman, 1965

Source: Soil Resource and Development Institute (SRDI), Farmgate, Dhaka
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Appendix I1l. Monthly average temperature, average relative humidity and

total rainfall and average sunshine of the experimental site
during the period from October, 2017 to March, 2018.

Month Average Averag | Rainfall | Average
temperature (°c) e RH (mm) | sunshine
Minimum | Maximum (%) (total) (hr)
October, 2017 25 32 79 175 6
Nowvenber, 2017 21 30 65 35 8
December, 2017 15 29 74 15 9
January, 2018 13 24 68 7 9
February, 2018 18 30 57 25 8
March, 2018 20 33 57 65 7

Source: Bangladesh Meteorological Department (Climate & Weather

Agargoan, Dhaka — 1212
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Appendix V. Monthly records of air temperature, relative humidity, rainfall
and sunshine hours during the period from November 2018 to

March 2019

Month | Year Monthly average air Average Total Total
temperature (° C) relative | rainfall | sunshine

humidity | (mm) (hours)

(%0)
Maximum | Minimum | Mean

Nov | 2018 31 18 24 63 Trace 216.4
Dec | 2018 27.12 11.56 19.34 61 Trace 212.50
Jan. 2019 28 10 14 65 Trace 212.50
Feb | 2019 32 12 22 73.23 4.0 195.00
Mar. | 2019 34 16 25 67.23 4.5 225.50

Source: Bangladesh Meteorological Department (Climate division), Agargaon,
Dhaka-1212.
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Appendix V. Fruits of F; generation including 8 parents in diallel pattern



Appendix VI. Analysis of variance (MS Value) for 19 different characters of Solanum lycopersicum L.

Source d.f Plant Days to Days to Number  Number Number Number  Days to Fruit

Height First 50% of of Cluster of Fruit of Fruit Maturity  Weight

Flowering Flowering Branches perPlant per per Plant
per Plant Cluster

Replication 2 166.40 86.79 58.33 23.94 15.66 0.11 28.44 23.94 229.81
Genotype 63 1884.93** 59.57** 66.29** 15.38** 12.46* 1.21" 66.11** 15.38** 219.47**
Error 126 366.14 28.57 29.42 7.46 9.87 1.51 18.87 7.46 96.28
"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
Appendix V. (Cont’d)
Source d.f Fr_uitSkin Number Frl_Jit area  Yield per Leaf Relative Vitamin C Titraple Fruit

Diameter of index Plant (kg) Chlorophy Water Brix (%) content Acidity pH

(mm) locule per (cm?) I content (%)
fruit Content

Replication 2 0.01 0.40 11.08 508873.42 144.00 576.00 40.96 368.64 23.04 23.04
Genotype 63 0.02" 2.69** 458257.04  321804.94 255.11" 623.70™ 2.05%* 307.75%* 6.01" 0.61**
Error 126 0.02 3.01E-01 6261.888 146908.36  -3.70E-12  -1.85E-12 1.80E-14 9.24E-13 -1.62E-14 7.22E-15

"=Non-significant, *=Significant at 5% probability level, **= Significant at 1% probability level
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Appendix VII. Pictorial views of the experimental field.

Visit of research supervisor in the field
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