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Abstract 

Tomato  ranked as the 2nd most cultivated and consumed vegetable crop round the 

globe. Regular consumption of tomato can decrease the risk of different chronic and 

heart related diseases because of antioxidants like lycopene, carotenoids and vitamin C. 

Aim of the first study was to estimate heritability, genetic advance correlation between 

yield and yield components and fruit quality parameters in 50 tomato genotypes to 

establish the selection criteria. Analysis of variance showed significant mean square for 

all that traits indicating scope of improvement in tested genotypes. High heritability and 

high genetic advance was observed in cluster per plant, plant height, fruit weight, 

vitamin C and protein contents proposed additive the gene action and early 

improvement of those traits via selection. Yield/plant had significant and positive 

correlation with plant height, fruit weight, fruit width and fruit length suggesting 

improvement in yield via those traits. Flowers per cluster had highest direct positive 

effect on yield followed by fruit width, fruit length, plant height, fruit firmness and total 

carotenoids. So, keeping in view the results of heritability, genetic advance, correlation 

and path analysis yield can be increased by number of flowers, plant height, fruit width 

and length, fruit firmness, total carotenoids and vitamin C. 

 Assessment of diversity in the germplasm can provide a baseline to screen out 

the parental line in a framework of breeding program. Second study was designed with 

an objective to describe antioxidant and biochemical potential of diverse tomato 

germplasm including backcross populations, modern and vintage cultivars, open 

pollinated varieties, hybrids and introgression lines to generate useful information for 

breeders to devise a breeding scheme for enhancing quality of tomatoes. Hence, fruits 

were collected at fully ripened stage from the experiment having completely 

randomized block design (RCBD) in triplets and then fruits were subjected to analysis 

for different antioxidants and biochemical compounds. Introgression lines of S. 

Pennillii possessed maximum total phenolic contents (T.P.C) (806.7 mg/kg F.W.), total 

carotenoids (172.66 mg/kg F.W.), lycopene (83.58 mg/kg F.W.) total oxidant status 

(151.28 µM/g F.W.) and reducing sugar (78.82 µg/g F.W.). while backcross population 

had maximum amount of total chlorophyll, chlorophyll a and chlorophyll b (159.09 
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µg/g F.W., 59.24 µg/g F.W., and 96.85 µg/g F.W. respectively). Commercial and elite 

hybrids showed least mean value of all studied antioxidants and phytochemicals except 

peroxidase activity (POD) among all the tested classes of tomatoes. Results indicated 

that Introgression lines of S. pennellii, can be elucidated as good genetic resources to 

device a judicious breeding program for quality improvement in tomato. 

In third study 24 hybrids along with 10 parental genotypes were analyzed for  

different genetic components, analysis of vaiance, general combining ablitiy, specific 

combining ablity and all type of  heterosis. Analysis for the mean preformance of 

hybrids revealed that Vendor × V48 had maximum No. of cluster/plant (95.3), No. of 

flowers/cluster (9.0), fruit weight (58.3), fruit width (45.1) and fruit yield per plant (3.8) 

among hybrids. However, LA4141 × WV-63 have 6.0 kg/f fruit and 84.2 cm, fruit 

firmness and plant height respectively. In case of days to maturity (151), number fruits 

per cluster (7) and vitamin c contents (4131.4), Lyp-1 × LA4157 preformed best among 

the hybrids for the said traits. LA4141 × V48 has highest protein contents (316.3), while 

LA4141 × 21354 has maximum carotenoids (20.6) and lycopene (11.4) contents among 

the hybrids. ANOVA indicated the presence of genetic variability and wide scope of 

improvement in yield, yield related and quality parameters in the tested hybrids and 

parents. Moreover, Variance of σ2SCA was greater than that of σ2GCA all yield related 

and all the quality related traits. Variance of σ2SCA represents SCA of the presents, 

while σ2GCA variance of GCA of the parents.  Magnitudes of σ2SCA and σ2D were 

higher than their corresponding σ2GCA and additive σ2A components for all the 

characters except fruit firmness. High [h2(b.s)] and accoupled with GA on the high side 

was recorded for number of cluster per plant, fruit weight,  fruit length, fruit firmness, 

carotenoids, lycopene and protein contents. High heritability [h2(b.s)] acoupled with 

moderate genetic advance (G.A) was noted in case of fruit width and plant height. High 

[h2(b.s)] accoupled with less G.A was identified for days to maturity and vitamin C 

contents. Moderate [h2(b.s)] with moderate genetic advance was noted for number of 

flower per cluster, while moderate [h2(b.s)] with high genetic advance was recorded 

for no. of fruits per.  While [h2(b.s)] represents  heritability in broad sense. However, 

estimates of general combining ability revealed Vendar a female parent had desirable 

GCA effect for most of the yeild related paramters like number of cluster per plant 

(12.74), days to maturity (-1.76), number of flower per cluster (0.48), single fruit weight 

(6.18), fruit width (1.77), fruit firmness (0.35), plant height (3.25), and fruit yeild per 
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plant(0.18).  While, B-L-35 a female line which can be elucidated as a desirable parent 

for most of the qaulity parameters like total carotenoids (3.32), lycopene (1.31) and 

protien contents (15.44). Among tester Wv-65 was considered as  best general combiner 

for many different traits which are under investigation in this study. Estimates SCA 

effects  reavelad that Vendor x V48, Lyp-1 x LA4157 and B-L-35 x LA4157 might be 

rated as best specific combiner for most of the yield related components and yield. 

While, LA4097 x V48 and LA4097 x WV-63 were rated as best specific combiner for 

quality attributes. Vendor x V48, Lyp-1x LA4157 and B-L-35 x LA4157 were the best 

hybrids considering heterosis expressions for yield and its contributing different 

factors.while, LA4141 × V48 and LA4141 × 21354 were elucidated as best hybrids 

while taking account of all three types of heterosis for quality related traits. 

Molecular confirmation of the hybrids were carried out in forth study  to confirm 

true hybrids. DNA was extracted from the young seedlings using CTAB mehtod. 

Different DNA based markers systems such as RADP, SSR , URP.s and SCAR were 

used to detect polymorphism in the F1 hybrids. Molecular analysis revealed that OPU-

3 a RAPD primer confirmed 6 recombinants hybrids Viz; H-24 × V48, Lyp-1 × V48, 

LA4097 × V48, LA4141 × V48, Vendor × V48 and B-L-35 × V48. All these hyrids 

had a male specific band of V-48. Another RAPD primer UBC-840 showed a male 

parent specific band in LA4157 confirming the true recobination of hybrids that were  

H-24 × LA4157, Lyp-1 × LA4157, LA4097 × LA4157,  LA4141 × LA4157, Vendor × 

LA4157, B-L-35 × LA4157.  UBC-840 a RAPD primer detected a male parent specific 

band in LA415. Thus hybrids, H-24 × LA4157, Lyp-1 × LA4157, LA4097 × LA4157,  

LA4141 × LA4157, Vendor × LA4157 and  B-L-35 × LA4157 were confrimed using 

this primer. LA4157 a male parent showed polymorphism using OPW-04 primer six 

hybrids (H-24 × LA4157, Lyp-1 × LA4157, LA4097 × LA4157, LA4141 × LA4157, 

Vendor × LA4157, B-L-35 × LA4157) had the male specific band in their genome 

confirming them as true hybrids. In this study URP’s, SSR and SCAR markers did not 

effectivley detect polymorphism in F1 recombinants. Hence, all the hybrids used in this 

the study were confirmed as true recombinants containing the male DNA part in their 

genome. So, the phenotypic/morphological expresssions of the hybrids were beacause 

of the recombinant genome of these hybrids not only due to environmental factors. 
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 Introduction 

1.1 Tomato 

Tomato which is now Solanum lycospersicum L. (2n = 2x = 24) was previously 

called  Lycopersicon esculentum is of Solanaceae family. It is one of the important crop 

of temperate and tropic region. The centre of origin of tomato is South America[1] 

however, it is also considered that tomato plant can have a possible centre along the 

Pacific coast between the Equator and the north of Chile, including the Galapagos 

Islands, to an elevation of approximately 2,000 m in the Andes mountain range [2]. 

Wild relatives of the cultivated tomatoes were cherry tomatoes (L. Esculenton and 

Cerasiforme) they were present in  Peru and Ecuador areas and were wildy grown [1]. 

It is considered that tomatoes were domesticated from its bushy forms which were  

present in north Mexico [3]. 

1.2 Taxonomy of Tomato Plant 

Tomato plant belongs to Solanum genus and its sub family is Solanoidaeae [2]. 

Solaneae family consist of different cultivated and wild species including Solanum 

lycopersicum , Solanum hirsutm  and Solanum cheesemannii [3]. Scientific name of 

tomato Lycopersicon esculentum was given by a Scottish botanist,(table 1.1) Philip 

Miller in 1970s [4, 5]. The cultivaled types of Solanum lycopersicum are very different 

from their wild [6]. Cherry tomatoes are supposed to the ancestors of the cultivated 

tomato (Solanum lycopersicum) [7, 8] . According to the recent modification in the 

taxon of tomato this family consist of seventeen different species Viz : 13 species of 

lycopersicum, two species of Lycopersicoides and two different species of  

Juglandifolium [9, 10].   
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Table 1.1Taxonomy of Tomato plant 

Kingdom Plantae Type 

Sub-kingdom Tracheobionta. Vascular-plants 

Super-division Spermatophyta. Seed-Plants 

Division. Magnolioohyta. Flowering Plants 

Class. Magnoliopsida. Dicotyledons 

Sub-class Asteridae  

Order. Solanales.  

Family. Solanaceae. Potato family 

Genus. Solanum. Night-shade 

Species. Solanum lycopersicum. Garden-tomato 

 

 Table 1.2 Tomato species with genus Solanum with the counterparts of species 

previously  known as Lycopersicon.  

 [1] 

1.3 Climate, Fertilizer, Soil and Cultural Practices Required 

for Tomato Production 
In majority of the world’s region tomato is cultivated as annual warm weather 

crop grown both in greenhouse and in open field. However, tomatoes can grow in 

various climatic conditions but optimum temperatures for good growth and 

development of tomato plant is between 21 to 27 °C [11] . At optimum temperatures 

superior quality and healthy seedlind will germinate within 7 days of sowings. 

Temperature is an important parameter which can disturb  flowering and pollination. 

Prolonged dry weather accoupled with high temperature can cause dryness of flowers 

Solanum   Lycopersicon  

Solanum. Arcanum Lycopersicon.  Peruvianum 

Solanum. Cheesmaniae Lycopersicon. Cheesmaniae 

Solanum. Chilense Lycopersicon. Chilense 

Solanum. Chmielewskii Lycopersicon. Chmielewskii 

Solanum. Corneliomuelleri Lycopersicon. Peruvianum 

Solanum. Galapagense Lycopersicon. Cheesmaniae 

Solanum. Habrochaites Lycopersicon. Hirsutum 

Solanum. Huaylasense Lycopersicon. Peruvianum 

Solanum. Lycopersicum Lycopersicon. Esculentum 

Solanum. Neorickii Lycopersicon. Parviflorum 

Solanum. Pennellii Lycopersicon. Pennellii 

Solanum. Peruvianum Lycopersicon. Peruvianum 

Solanum. Pimpinellifolium Lycopersicon. Pimpinellifolium 
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distrub pollination process. Tomato plant is also affect by day length. According to the 

day length classification this plant is netural  [12]. Light intensity ranged from 400-500 

μmol.m-2 s-1 is considered as the perfect for optimal growth and development of the 

tomato plant. Different physiological disorder like fruit cracking green shoulder and 

sunscald can be caused due to high intensity of the light [13]. However, imperfect 

fertilization of ovules can be occurred in temperature below 150C which can restrict 

pollen release [14]. Tomatoes is generally considered as high water demanding crop 

but excessive water  supply will results in root rot [13] and wilt [12].  Many scietist 

thinks that tomato is among the senstitive crops to water deficiency at reproductive 

stages [13]. If dry period prolonged dropping of buds and flowers can occur affecting 

the yield of the plant. Tomato can be produced in different soil types, but preferably 

well drained fertile sandy loam is best suited to produce tomatoes [12]. Suitable soil pH 

for tomato production is between 6.0 to 7.0. while, if pH of the soil is less than 5.5 it 

can disturb different physiological functions of the plant such as bloom root-rot can be 

occured [15]. Tomato yeild and fruit quality can be increased by adequate supply of 

mineral elements in soil [16]. 

Cultural practices required for the tomato production includes numerous factors 

which help in increasing yield of the plant. Such cultural practices include plant growth 

and development, planting density, patterns of plantations, eradication of weeds, 

adequate water supply, insect and pest management / fertilizer requirement [17]. Seeds 

of cultivated tomato can be sown at the start of the wet season [18]. Generally, seedlings 

with 6 to 4 inches height were transplanted in field keeping plant × plant distance 50 

cm and bed × bed distance 1.5 m, respectively. Before transplanting if flowers were 

developed in plant it can adversely affect growth which can cause in yeild loss because 

photosynthates produced in the plant might be used for maturing the fruit and less 

photosynthates will be utilized by vegetative growth [16]. After transplanting in the 

field fruits ripening take 3-4 months [6, 19]. 

  Production of tomato is severely affected in muck soils because of the presence 

of excessive nitrogen, which favours vegetative growth severely effecting the fruit 

setting ability of the plant [20, 21]. Soils having elevated levels of phosphorus are good 

at transplanting, which gives good root anchorage to the seedlings [17]. However, for 

proper growth in soils with low level of minerals, timely side dressing of fertilizer of 

macronuntrients can help to keep a balanced supply of the mineral nutrients which help 
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in adequate fruit growth and development [17]. Moreover, adequate supply of nitrogen, 

phosphorous and potassium throughout the growing period. Nitrogen supply is vital 

good vegetative growth of tomato which results in the protection of fruit from sun 

damage.  Phosphorus will increase the root growth which will results in better fruit 

quality . Potassium is essential element in stimulating early plant growth and regulating 

normal carbohydrate and protein metabolism in the fruit. Generally, in Pakistani soil 

the fertilizer requirement for tomato cultivation is Nitrogen (N): Phosphorous (P): 

Potash (K) applied @ 90:45:75 kg per acre respectively.  N was generally applied in 

the split farm; one-third dose of the N and full dose of both P and K was usually applied 

at transplanting while half of N was applied at flowering and fruiting stage.     

1.4 Production of Tomato Globally and in Pakistan 

Tomato is considered as an important vegetables worldwide with 14% of contribution 

in the vegetable production around the globe [22]. Worldwide production of tomatoes 

is approximately 37.01 million metric tonnes with an annual average yield of 34.85 

kilogram/hectare. China (56.8 million tons) is a leading country in the production of 

the tomatoes followed by India (18.7 million tons). In United stated of America in 2017 

the annual production of tomato was 14.5 million tons. 

 

Figure 1.1 Global production of tomato in 2017 

However, tomato production in Pakistan has been static to the tune of 9.5-10.1 

tonne per hectare for last few decades[23] despite of the fact that area under cultivation 

of the tomato increased vigorously in past few years. Low average yield in Pakistan is  

because of many factors such as unavailibility of higher yielder cultivars and 
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indeginously produced hybrids which is adopted to local environment, water scarcity, 

resistant against different diseases insects and varitey of pests, lack of nutrients. 

However, absence of higher yielder cultivars and  hybrid seeds are two of the main 

yield limiting factors in Pakistan [24]. In last few years there is a significant increase in 

cultivated area and production of tomato in Pakistan. The area under cultivation was 

58.196 thousand ha with the total production of 574.052 thousand tones[23]. During 

the year 2015-16, domestic production of Pakistan was 3,561,000 tons in which the 

share of province Punjab was approxmately 3,400,000 tons, along with that Sindh 

contributed 4,010 tons, (K.P.K) had 126,100 tons and 30,020 tons was produced by 

Baluchistan. In 2017-18 total production of tomatoes in Pakistan was 2,901,000 tons 

[25]. 

1.5 Characteristics of the Crop 

Tomato is considered fruit as per botanical description and it is also considered 

as vegetable as defined by horticulturist [26]. There are different of physiological and 

plant structure components that define this plant as both, these includes the fruit clusters 

of flowers leaves, seeds and different roots [27]. Tomato plant has numerous 

morphological variations. Determinate and indeterminate are two chief growth types of 

tomato growing habits. Determinate are bush short structure plants while indeterminate 

plants can reach more than six feet in height. In case of determinate plant growth type 

a terminal flower is produced in a cluster at the end of each stem which cease the 

development of apical bud. Due to less production of branches a very compact and 

small  plant develops [28]. In determinate type of plant growth leaves and fruits are 

exposed to sunlight more as compared to in-determinate type of plant growth because 

vegetative growth is restricted in the former. Hence, determinate tomato plants can ripe 

early as compared to indeterminate tomato plants. Therefore, determinate plants of 

tomatoes are ideal for mechanical harvesting [17]. 

The stems in a tomato plant structure are very frail.  Monopodial branches of 

the plant with the advent in plant growth develops into sympodial branches. As the 

plants reaches it puberty leaves and stem develop different shapes of trichomes having 

unpleasant odour. Leaves of tomato are compound leaves with  petiolate and odd-

pinnate/imparipinate which can be 10 to 30 cm in length with number of irregular 

margins moreover there is no coherence in stem and leaves and are uneven. In flower 
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of tomato the style is protected by the staminal cone. The inflorescence of small flower 

has five different lobes of the corolla [3].  

Indeterminate type of tomatoes are grown in tunnel to have fruit production 

throughout the season while determinate type of tomatoes are grown in the field [29]. 

Different fruit  products of tomato increase the worth of this plant. The fruit can be 

consumed directly as salad while it can also be used as processed food to make pickle 

tomato ketchup and juice. It is also used in cooking to enhance the flavour of the cooked 

food [30, 31]. Tomato plant is not known for its agriculture and economical importance, 

but it is also renowned as model plant system to study genetics [26]. Tomato plant is an 

important plant system for understanding different processes like fruit shape size, fruit 

development and pathological studies [32, 33]. Genome sequencing of tomato can helps 

in understanding the genetic diversity occurs in the plant [34]. Tomato genome is 

approximately of 950 MB, which consist of 77% of  heterochromatin part  and 23 % of  

euchromatin part [35, 36]. 

1.6 Anatomy of Tomato  

 Six sepals and petals are present in tomato flower it will constitutes the worlles 

of coeolla and callys that surround the ovary, style and stigma as shown in figure 1.3 

[32]. Anthers are in stamen in which pollens are produced and filament is the structure 

that supports and holds the anther. Female reproductive part consists of style and 

stigma, which are protected and covered by a tube-like structure [27]. Male 

reproductive organs are anther and stigma. Both male and female reproductive organs 

are in same flower due to this reason tomato plant is highly self-pollinated and pollens 

can be transferred from the male part to the female part effectively and efficiently in 

order to develop fruits. 

Fruit of tomato plant can be classified as true to type which is matured a 

bicarpellary ovary. There is a wide range of variations among tomato fruits for colour, 

size and shape is presented in figure 1.2. Fruit colour can be changed upon maturation 

depending upon the genotypes. The flavour of the tomato fruit is linked with the 

external color, shape and size [37]. Flavour also depends upon the storage conditions 

and the stage at which the fruits were harvested [36].  
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Tomato fruit consists of two cavities containing seeds that are covered in a 

sticky medium which produce fluid as the fruit matures ( figure 1.4) [16, 38]. However, 

two vital pigments lycopene, a carotenoid that give red colour to the tomato and β 

carotene, gives orange shade to the fruit [37]. Tomato fruit shape affected by number 

of biotic and abiotic factors ranging from sunlight soil humidity to the soil composition 

factors [16, 17]. 

 

Figure 1.2 Different categories of shapes for tomato fruits [39] 
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Figure 1.3 Diagram representing the complete structure of tomato flower. Ovary 

present in the flower developed into tomato fruit. During the development of the 

fruit stigma, petal and stamens fall off [40]. 

 

Figure 1.4 Cross-sectional view of tomato fruit representing various parts of the 

fruit [41] 

1.7 Nutritional Composition of Tomato 

Tomato fruit consist of 93-95% water while, remaining 5-7% consists of sugars 

like glucose, fructose and sucrose, solids insoluble like proteins, cellulose, pectin and 

polysaccharides, inorganic compounds, organic acids (citric and malic), carotenoids 

and lipids [42]. Carotenoids are important for human’s health because of their 

nutraceutic property. Lycopene, a carotenoid is responsible for the red colour in the 

fruit and it constitutes 75-83% of the total carotenoids. However, β carotene is 3-7 
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percent of the carotenoid and yellow color of the fruit is because of this carotenoid [41]. 

Tomato is known for great amount of lycopene content present in it however, it can 

vary with respect to geographic location, time of harvesting and genetic makeup of the 

genotypes. Highest concentrations of lycopene were found in wild cultivars [41]. 

Lycopene is present in human blood plasm which is an essential fraction of human body 

and act as natural antimutagenic agent. While, β-carotene present in tomatoes was cited 

as important biochemical agent for the prevention of cardiac and cancer disease [43]. 

While, concentration of β-carotene can vary among species, cultivars or lineages. The 

concentration can be 100 times high in the F1 obtained by crossing cultivated species 

L. esculentum and the wild species L. hirsutum [44]. Important vitamins like B1 

(thiamine), B2 (riboflavin), B3 (pantothenic acid), B6, niacin, folic acid, biotin, C 

(ascorbic acid) and E (a-tocopherol) are also present in tomato, however several studies 

reported the importance of the vitamin C for human because of its antioxidant properties 

[45]. Seeds tomatoes are enriched in vitamin E most of the time seeds were eliminated 

during different processes so its contribution in human diet become irrelevant [46].  

In addition to the biochemical substances mentioned above, total soluble solids 

are one of the main characteristics of tomato fruits. They are also the important 

indicators of the quality of the fruits for processing, an increased one unit of °Brix 

(percentage of soluble solids as flavour indicator) in fruit, 20% of the industrial yield is 

supposed to increased [47]. Total soluble content is not only genetically controlled 

characteristic of the cultivar but also influenced by the edaphoclimatic conditions of the 

cultivation region [41]. Reducing sugars (Glucose and sucrose) makeup 50% of the dry 

matter content of tomato fruit while the remaining being proteins, pectin, cellulose, 

hemicelluloses, organic acids, minerals, pigments, vitamins and lipids. Organic acids 

are vital for the flavour of the fruits and characteristics related to processing. Citric acid 

and malic acids are vital acids present in the tomato fruit however, citric acid is 

predominant over malic acid [48]. The acids also influence the pH of tomato fruit in 

general tomato pulp with a pH lower than 4.5 is desirable which inhibits the growth of 

microorganisms in the processed products [49]. 

Tomato fruit colour is also an important parameter for consumption of fresh 

fruit as well for the tomato processing industry. Consumers associate the colour 

characteristics of foods with other quality attributes such as flavour and nutritional 

value. Tomato fruit colour is due to carotenoids, chlorophyll and xanthophylls. 
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However, the green colour of immature fruits is due to a combination of chlorophylls 

which keep decreasing with the maturing of the fruit and fruit become yellow in color 

due to the production of β-carotene. Afterwards, lycopene concentration increases 

rapidly which gives the fruit a red colour [49]. Tomato fruit also consists of trace 

amount of mineral like potassium, sodium, zinc and iron etc [50]. Potassium is 

important in the control of the osmotic pressure of the blood, kidney function and 

control of heart muscle contractions [51].  

1.8 Role of Tomato Fruit Minerals and Antioxidants in 

Human Health  

The tomato fruit have important mineral nutrients (Zn, Fe, K, P etc) and antioxidants 

(Vitamin C, β-carotene, lycopene, folic acid, and lutein). Tomato eating is valuable for 

healty heart and other organs of body [52]. Like, Potassium is important to control the 

osmotic pressure of the blood, kidney function and control of heart muscle contractions 

[51]. The fruit can wash-down toxins that hurt the corporeal structures of human body, 

this gives tomato a prime medicinal importance in maintaining human health [53]. Risk 

of breast cancer [54], neck and head cancers [55] can be minimized using tomatoes. It 

is also very valuable to give shield for neurodegenerative diseases [56, 57].  

β carotene, phenols and flavonoids and Vitamin C present in tomato fruit helps 

in reducing the risk of mutation in DNA, caused by oxidative stresses. However, 

lycopene of tomato reduces the risk of several cancer types and heart attack. It also 

helps to reduce the risk factors associated with some chronic diseases [58]. Moreover, 

according to the various researches on human health concluded that the risk of different 

heart related diseases and cancer can be lower down by increasing the intake of tomato 

[59]. While, deficiency of β-carotene, which is also known as pro-vitamin A carotenoid, 

can cause xerophthalmia, blindness and premature death [60]. The recent development 

in field of medical science has increase the awareness in consumers to intake higher 

amount of  fruits and vegetables like tomato [61]. 

1.9 Breeding of Cultivated Tomato with Wild Species 

Tomato is highly self-pollinated crop due to the phenomenon of self-pollination 

breeding of tomato is bit difficult [62]. The evolution of wild tomatoes is due to 

different hybrization patterns of the species [63-65]. Self-incompatibility in tomato is 
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due to the exertion in the length of stigma due to which outcrossing can occurred due 

to this phenomenon the genetic makeup of the wild species can be changed [66]. A self-

incompatible species Solanum pimpinellifolium having exerted stigma and greater 

number of flowers out crossed with other species of tomatoes. A small amount of 

population of this is autogamous having small flowers and without exertion of stigma 

is proved to be a good genetic source for diversity [62]. Moreover, wild species of 

tomatoes are considered to be a good source of the resistance against different stresses 

(biotic and abiotic).   

 Convertion of self-incompatible species into self-compatible is infrequent and 

independent phenomenon [67]. While, hybridization is the only other possible 

phenomenon to create genetic variability. Tomato wild species are mostly diploid in 

nature and can be crossed (difficulty) with cultivated species to incorporate resistance 

against different stresses [64, 68]. Interspecific breeding in tomato works when 

Lycopersicum esculentum (cultivated specie) is utilized as the female parent. 

Hybridization of Lycopersicum esculentum with Lycopersicum parviflorum, 

Lycopersicum pennellii, Lycopersicum hirsutum, Lycopersicum pimpinellifolim, 

Lycopersicum cheesmanii and Lycopersicum chimielewskii, is comparatively easy as 

compared to with Lycopersicum chilense and Lycopersicum peruvianum which are 

proved to be much harder [69]. 

1.10  Breeding Objectives For Improments in Tomato 

In Europe mainly in Italy the breeding of tomato for improving yield and resistance 

have been started over 200 years. However, in United States of America breeding for 

different traits of tomato on track 100 years back and A.W. Livingston was one of the 

leading tomato breeder of that era [44]. Until 19th century tomato breeding was mainly 

focused for fullfilling the requirments of vegetable processsing plants and fresh 

vegatable markets. But presently the requirments of the processing industry and fresh 

market is different they need to meet the requirments of consumers. However, in 

general focus of tomato breeder is to increase the yield of fruit area-1. Some important 

traits which were supposed critical for tomato was resistance for stresses which can be 

abiotic and biotic, early maturing trait, firm fruit, and diverse fruit quality features [65, 

70]. 
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1.11  Yield 

Yield is an important traits for crops improvement in the yield is always the primary 

objective of the breeders [71]. Cultivar with one or more improved triats other than 

yield is not considered cultivar to be released as variety. In U.S.A the average yield of 

tomato was increased from 10 ton/ha to 106 ton/ha from 1920 to 2016 respectively. It 

is assessed half of the increase in yield of is due to the new improved cultivars available 

through plant breeding, while improved cultural practices and advancement in the 

production technology also played vital role in increasing the productivity [72]. Even 

now a day, increase in tomato yield with greater fruit quality is the primary objective 

of the major plant breeding projects. This can be achieved by selecting the cultivars 

with improved resistance against disease, insect, pest, abiotic stress early maturing and 

enhanced sugar contents [73].  The yield of tomato was increased by improving the heat 

tolerance of the cultivars at Florida State University. Yield is a complex phenomenon 

it is controlled by many factors and it is the resultant of many contributing traits. 

However, with the recent advancement in molecular markers, the traits can be identified 

which can directly and indirectly contributed towards yield [74].  

1.12  Disease Resistance 

Disease resistance is one the most important trait for the better productivity of fresh and 

processed tomato. The crop is susceptible to numerous biotic and abiotic stresses which 

can cause the yield loss up to 80%. Biotic stresses mainly include viral, bacterial fungal 

and nematode disease. There are 200 disease which can affect the tomato plant around 

the globe [75]. Among these, late blight caused by phytophthora infestant, early blight 

by Alternaria Solani and fusarial wilt caused by Fusarium oxysporum are the leading 

and major fungal disease [75]. Fungicides are available to control these disease 

however, it will increase the cost of production and these fungicides are not completely 

effective against these disease. Viral diseases are among the devastated tomato disease 

because of the unavailability of the viricides for their control. More than 20 viruses are 

so far known that can infect the tomato plant and cause the yield reduction up to 90 % 

[76]. However, there are seven viral disease which effect the tomato plant adversely 

namely; Tomato leaf curl, tomato ring spot, tomato mosaic, potato X , tomato spotted 

wilt, cucumber mosaic and tomato yellow top  [77]. Tomato mosaic (ToMV) is most 

commonly and widely reported in Pakistan [78, 79].  
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Usually the source of resistance against the disease can be found in wild species 

of the plant (table 1.3) [75]. Lycopersicum pimpinellifolium and Lycopersicum hirsutum 

(wild relatives) are found resistance to the various diseases like late blight and early 

blight in both vertical and horizontal fashion. However, cultivated tomatoes varieties 

are not completely resistant to these diseases therefore, an Integrated Disease 

Management (IDM) program is adopted by various researcher to control these diseases 

[80]. 

1.13  Insect Resistance 

Tomato is a sensitive crop for the insect and pest attach. The attach of some pests and 

insects can start from the day of sowing till harvest, adversely affecting the economical 

yield [81]. Sucking insect and pests of tomatoes grown in the field and tunnels are major 

form insect pests for the last few years in Pakistan [82].  At the early stage of tomato 

growth White flies, aphids, spider mites, flea beetles and leaf miners affect the plant 

[83] However, different insect pests like whitefly (Jassid Amrasca bigutella bigutella, 

Bemisia tabaci), Aphid (Aphis gossipii Glover), thrip (Scirtothrips dorsalis) and 

american bollworm (Helicorverpa armigera) attaches the plant at the later stages of 

development but they damage to the crop severely if left unattended [84]. Presence of 

small number of ladybeetls and Crysoperla carnae can damage the crop up to 10-15 % 

[85]. Aphid is among the devastating pest of tomato in Punjab province of Pakistan 

[86]. Most of the cultivars available in Pakistan are highly susceptible to the aphid [87] 

Moreover, whitefly Bemisia tabaci can damage 10-90% of the crop based on the stage 

of the crop and infestation severity. However, Lycopersicum pennellii and 

Lycopersicum hirsutum wild species can serve as potential genetic resource to 

incorporate insect and pest resistance in cultivated tomatoes [88]. 
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Table 1.3 Biotic stresses and their source of resistance in tomato  

Different biotic stress  Genetic resource for resistance  

Tomato Leaf Curl Virus 

(TYLCV) 

H-88-78-1, L. hirsutum f. Glabratum, L. peruvianum, L. pimpinellifolium and L. hirsutum, HS101,L. hirsutum (LA 386, LA 1777, Pl 390513, L. 

glandulosum (EC 68003) and L. peruvianum Pl 127830 and Pl127831 H-88-78-1, H88-78-2, H-88-87) 

Yellow Leaf Curl UPVTY 1, 3, 6, 9, 17, 53 

Septoria lycopersici KT-4, EC-2750, EC-4555, EC-6993, EC-7785 

Buck Eye rot Chamba Exh 64, Early Market Selection, Flat Large Red, Kopiah PO x 45727, Molokai, Red Cherry, San Marzano 

Fusarium Wilt L. hirsutum f. Glabratum Wir 4172, L. hirsutum Pl 13448 and L. Peruvianum EC 148898, Columbia, Roma, HS 110.,Fla. 7547, Fla. 7481 

Early blight L. hirsutum (Pl 134437), P-1 and H-86-7, H-86-11 EC 529061, WIR-3928, H-88-28-1 

Bacterial wilt Lycopersicon pimpinellifolium, Acc 99, Sweet 72, Acc 151, Hyb 54, IIHR 663-12-3,BWR 1, BWR 5, LE 79 BT 1, BT 10 BT-10, H-24, BRH-2, 

LE-415, H-86,Capitan, Caravel, Ga. 1565, Ga 219, CRA 66 

Fruit borer L. hirsutum f. Glabratum 

White fly L. hirsutum and L. hirsutum f. Glabratum 

[89] 
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1.14  Abiotic Stress Tolerance 

Cultivated tomatoes are continuously bred for different abiotic stresses. Tomato is a 

sensitive crop towards environmental stresses including drought, salt, heavy metal 

toxicity frost and heat. Most of the commercial and cultivated species do not have wide 

genetic variation for these stresses. However, genetic source for the abiotic stress 

tolerance is present in the wild species [90]. These species include S. lycopersicoides 

and S. rickii, these species are closely related to the tomato family. However, some 

distantly related species which posed the genetic resource are S. juglandifolium and S. 

ochranthum [69, 91] 

Different wild species of tomatoes was characterized genetically and 

physiologically for abiotic stress tolerance that can be used in different breeding 

strategies [92]. However, only few reports are available for developing stress tolerance 

tomatoes via traditional breeding approaches. This is due to the complexity of abiotic 

stress tolerance traits. Plant response to different environmental stresses condition is 

due to different agronomical and physiological characters. These characters may be 

controlled by the action of many genes whose expressions finally determine the plant 

response. In tomato plant, the abiotic stress tolerance is stage specific phenomenon and 

developmentally regulated: tolerance at one stage cannot be corelated with the tolerance 

at other developmental stage of the plant [93]. For higher yield of tomato under stress 

abiotic stress tolerance may be required majority of stress sensitive stages [74]. 

1.15  Fruit Quality 

Fruit value is the top most imporatant concern for processing industry, consumers and 

tomato breeders. Fruit quality parameters includes shape size colour firmness taste and 

nutritive value and total solid contents. These parameters are of vital importance for the 

tomato processing industry [94]. Fruit colour is among the important physical character 

on which the initial grading is carried out. Balance between ratio of chlorophyll and 

carotenoids will lead to the colour of tomato. Lycopene is reponsible for the  red colour 

of tomato fruit [95]. Moreover, acidity is an important phenomenon which gives flavour 

to the fruit it also helps to lower the pH.  Acidic pH up to 4.1 helps to reduce the risk 

of different microbial attack [96]. In order to have the desired pH numerous breeding 

programs were started during the past 2 decades and were considered successful up-to 

some extent. Tomato flavour is  mainly due to diverse volatile aromatic biochemical 
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compounds [96, 97] . Out of total 400 volatile aromatic components 16 are of vital 

importance [98]. Tomato fruit flavour is affected by environmental changes. While, 

pre- and post-harvest handling also have a significant effect on the fruit flavour [99, 

100] . Moreover, lycopene is also an important quality factor which is affected by the 

environment. Fruit quality is dependent upon the environment changes a cultivar 

expressed itself differently under different environmental conditions. However, fruit 

quality is not only dependent upon environment but also vary with the developmental 

stages of the fruit [99, 101].  

1.16  Hybrid Production in Tomato  

Hybrid breeding is one of the modern and environmentally safe technique to produce 

the new cultivars. Hybrids are preferred over conventical cultivars due to the disease 

resistance and greater yield potential. Yield potential of the hybrid tomato seed is 2-3 

time higher than that of open pollinated varieties however, hybrid seed production is 

difficult as compared to conventical varieties.  Usually hybrid seeds of tomato can be 

produced following two systems one is fertile base hybrid production second is sterile 

base hybrid production. Moreover, tomato is highly self-pollinated crop therefore 

variation can’t be caused naturally [102]. Hybrid breeding of tomato started at the 

beginning of 20th century. In 1946 1st hybrid of tomato was released with higher yield 

and increase fruit size [103, 104]. Now a day all the commercial cultivars for fresh and 

processed tomato consumption in U.S.A are hybrids [74]. 

While, “Heterosis is the increase in size, productivity, resistance against insect, 

disease, extreme climatic conditions and yield of offspring’s over their parents [105]. 

However, heterosis can be positive and negative the desiribility of type of heterosis for 

crop improvement depends upon breeding aims. Heterosis is of 3 different types namely 

mid-parent, better or high parent and standard heterosis. While, high parent and 

standard heterosis are both widely used terms in hybrid breeding [106].  However, 

Hybrid vigor is phenomenon in hybrids was firstly described by J. Koelreuter [107, 

108]. Charles Darwin [109] after series of exprinments stated that  crossed plants higher 

plant height than that of the self-fertilized plants. The terminology of heterosis was 1st 

used  by George H. Shull [110]. Yield of the crop due to heterosis is expected to increase 

yield by 15-50% [111].   
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1.17  Previous Studies for Estimation of Heterosis in Tomato 

for Improving Fruit Quality and Yield 

Heterosis studies in tomato for increasing marketable and improving nutritive quality 

of the fruit, were carried out by various researcher in the past. However, positive 

heterosis for number of fruits and yield was first observed by Hedrick and Booth [112]. 

After that heterosis studies were extensively carried out to increase yield, its 

contributing factors and for different fruit quality attributes. Choudhury and co-workers 

[113] evaluated 24 F1 hybrids farmed by 12 lines and 2 testers following line into tester 

matting design in completely randomized block design. The result of the study indicated 

heterosis over better parent and standard check for fruit yield and yield contributing 

factors. Moreover, in another investigation [114] results suggested that, heterosis 

phenomenon not merly increased the final marketable yield in F1s but also increased 

the nutritive quality, size and uniformity in the fruit size. While, the hybrids were also 

early maturing than their parents. 

In another study conducted by Yeshiwas and Tolessa [115] they reported 

increase in yield and fruit quality of tomato hybrids over their parents under control 

conditions. An exprienment preformed by Ahmad, et al. [116] for the evaluation of 21 

hybrids and their parents, identified three parental combinations which showed early 

flowering as compared to their parents. While two parental combinations showed 16.67 

% to 14.44 % increase for individual fruit weight then commercial checks. In a study 

[117] Diallel analysis of hybrids and parents revealed significant differences among 

quality parameters of tomato fruits (total soluble solids, lycopene and ascorbic acid). 

Results of the study also suggested additive gene action for some quality attributes. 

They found three parents as best general combiners while four hybrids had significant 

and greater SCA effect which suggested the presence of heterosis for some quality 

traits. Line into tester analysis of 20 hybrids along with 10 lines and 2 testers were 

subjected to analysis for fruit quality parameters in 2015 [118]. Results elucidates 9 

desirable hybrids for ascorbic acid contents and 7 hybrids for total soluble solids over 

better parent heterosis. However, none of the hybrid was found favourable for heterosis 

over standard check in case of ascorbic acid contents.  

Positive heterosis over better parent (71.25 %) and commercial (77.26 %) check 

for lycopene was reported by Kumar, et al. [119]. While in case of acid content negative 
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heterosis was observed in maximum crosses suggesting the deterioration in the fruit 

quality in the crosses. A study was conducted by Tamta and Singh [120] for the 

estimation of mid, better parent and commercial heterosis for fruit quality traits of 43 

genotypes including 13 parents and 30 F1 hybrids. The results indicated that 3 hybrids 

have better commercial heterosis for lycopene total soluble solids and carotenoids. 

However, negative commercial heterosis for the same hybrids were observed for the 

total sugars and proteins. These results suggested the existence of  negative and positive 

heterosis depending upon the nature of the character. Thirty hybrids along with 10 

female lines and 3 testers males were evaluated [121] economical attributes and quality 

parameters by means of line and tester hybridizatation techinique. One hybrid 

performed better than parents and commercial check for pericarp thickness however 

two hybrids performed better than its parent and commercial check for fruit shape 

index. None of the hybrid in under investigation in the study outperformed its parents 

and commercial check for yield per plant. 

A study conducted by Figueiredo, et al. [122] on forty-five hybrids their parents 

on fruit quality attributes. The investigation reported the presistance of non-additive 

gene action for each trait which was studied in this series of exprinment. They suggested 

the presence of high genetic divergence among the tested parents which can contribute 

positively to heterosis values for the said traits. Moreover, they screen out three parental 

lines having favourable alleles for the traits and can be further used to develop hybrids 

with enhance fruit quality. However, a study carried out on forty-five indeterminate 

hybrids along with their 10 parents to evaluated yield potential and yield contributing 

traits [123]. Variable number of crosses performed better than their parents 2 hybrids 

were elucidated for more yield as compared to their parents, 10 hybrids were early 

maturing and 1 cross had more number of fruits as compared its parents. While, 3 

crosses had more pericarp thickness as compared to their better parent.  

1.18  Molecular Confirmation of Tomato Hybrids 

DNA based confirmation of the F1s is very effective approach to confirm the genetic 

purity of the hybrids at initial stages of plant development without looking at 

phenotypic performance [124]. In self-pollinated crops the genetic purity is a 

mandatory approach to screen out the true hybrids. DNA marker based confirmation of 

hybrids in self-pollinated crops like tomato is time saving, requires less labour and is 
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an accurate technique as compared to isoenzymes analysis and morphological traits 

[125]. Different DNA based marker systems were used by scientists in previous studies 

to check the polymorphism and monomorphism in tomato hybrids [126]. These DNA 

based markers system consisted of RAPD, SSR, SCAR, AFLP and ISSR. 

In  a study conducted by Hameed, et al. [124] 58 molecular including RAPD, 

SSR,  RAPD and  EST-SSR, were used to confirm the polymorphism in 8 tomato 

hybrids. These hybrids were also evaluated against late blight and cucumber mosaic 

virus. In another study 24F1 interspecific hybrids were confirmed using SSR markers 

for the resistance against ToLCV virus. These hybrids were grouped into four different 

clusters depending upon their morphological performance and their confirmation by 

SSR markers. However, in an investigation [127] on 208 F1 hybrids using three DNA 

based markers ISSR, SSR and RAPD to confirm the confirm the genetic relationship 

of hybrids with their parents. Result of the study indicated the presence of ten false 

hybrids among the tested lot. While, the tested hybrids have 95 % of the genetic purity. 

To estimate the genetic diversity of 19 Azerbaijan tomato cultivars RAPD (Random 

Amplified Polymorphic DNA) markers were used. The study revealed the presence of 

genetic similarities among the tested cultivars ranging from 0.188 to 1.000 [128]. 

Twenty-Two F5 recombinant inbred lines derived because of crosses between line L121 

× Vaibhav to increase the self-life and to evaluate certain morphological traits of fruit 

quality characters.  Some crosses were characterise using the SSR polymorphic markers 

for self-life [129]. 

Hybrids derived by crossing of G. herbaceum and G. raimondii these 

intraspecific crosses were evaluated for morphological traits [130]. In order to confirm 

the hybrids purity cytogenetic and molecular analyses were carried out. Single sequence 

repeat (SSR) markers confirmed the presence of the DNA bands inherited from both 

male and female parents. Cytogenetic analysis revealed presence of abnormal meiotic 

behaviour of hybrids. However, there were certain bands present in hybrids genome 

which were not present in male and female parental lines. So, it was assumed that these 

novel bands in hybrids might be due to the sudden mutation or due to the chromosomal 

recombination occurred during hybridization.  

1.19  Challenges for Hybrid Production of Tomato in Pakistan 

The pace of hybrid breeding on tomato in Pakistan has been slow. In contrast to 
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productivity of open pollinated cultivars, hybrid produce 3-4 times higher yield (>80 

tonne/hectare) with more uniformity, tolerance to diseases and insect pest and improved 

nutritive quality. However, before initiating hybrid production, development of 

heterotic groups has key role in achieving the goals. The term heterotic group refers to 

‘a group of related or unrelated genotypes from the same or different populations, 

which display similar combining ability and heterotic response when crossed with 

genotypes from other genetically distinct germplasm groups’ [131]. Parallel to that 

available tomato germplasm must undergo evaluation for morphological, agronomic 

and nutritive parameters to understand the genetic information controlling their 

expression [132] and to make best choices of genotypes for hybridization to develop 

desired hybrid combinations.  

Pakistan is not self-sufficient in tomato production. The prospectus to increase 

tomato production via increasing area is not so great due to competition with major 

crops and scarcity of water. The alternative remedy is development of hybrids on 

sustainable basis. Keeping in view the breeding bottlenecks involved in hybrid 

production and tomato productivity in Pakistan, the current study has been planned. 

1.20  Objectives 

The general objective is to evolve heterotic groups suitable to hybrid production on 

sustainable basis.  

  Specific Objectives 

1. Characterization of tomato germplasm for agronomic and quality parameters 

2. Hybridization following line x tester mating design  

3. Identification of good general and specific combiners  

4. Estimation of different heterosis responses (relative, heterobeltiosis and 

standard) 

5. Develop and utilize DNA based markers to confirm genetic purity of promising 

hybrids. 
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 Material and Methods 

2.1 Location of experiments  

Series of experiments were preformed at tomato research field of Nuclear Institute for 

Agriculture and Biology (NIAB), Faisalabad in crop season 2015 to 2018. These sites 

of exprinments were located at approximately 184 m above sea level with a latitude of 

31 25′00″N and longitude of 73 04′59″E. Faisalabad (73-74° E, 30-31.10° N) is among 

the 3 biggest urban cities of Pakistan with major taxtile industry the area. The average 

climate of Faisalabad is dry and hot (arid). The average annual rainfall in the region is 

approximately 350 mm. Approximately 70 % of the rainfall is confined to the monsoon 

season in the area. There are four different climatic conditions soft spring (March-May), 

after that a spell of harsh hot and rainy summer in June-August an autumn in 

September-November and mildly cold and dry winter from December to February. 

Minimum and maximum average temperature during summer is 27 °C and 40 °C and 

in winter 6 °C and 21°C, respectively. Generally, wind blows in Faisalabad from the 

southwest with an average humidity in summer ranges from 67 to 85% while in winter 

relative humidity 58 % to 79 %. however, in rainy season (monsoon) mean relative 

humidity is from 60 to 88%. 

 

Figure 2.1 Map of Pakistan indicating location of Faisalabad 
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2.2 Study 01 Relationship Of Path Coefficient Analysis And 

Different Genetic Components In Diverse Tomato 

Germplasm 

 Plant Material and Crop Husbandry  

A total of 49 diverse tomato genotypes were collected and grown under field condition 

during 2014-15 following RCBD plan with 3 replications (table 2.1). Healthy seedlings 

of approximately 4 to 6 inches height were transplanted in the well ploughed field. The 

plant × plant and bed × bed distance was 50 cm and 1.5 m, respectively.  Each 

replication consists of seven plants of each genotype and were grown by applying 

Nitrogen (N): Phosphorous (P): Potash (K) @ of 90:45:75 kg per acre. One third of N 

while full dose of P and K was applied at the time of transplanting while remaining N 

was applied at reproductive stages. Plants were irrigated fortnightly during winter and 

weekly during summer. Crop was protected from insect pest and diseases by using 

recommended insecticide/fungicide. 

 Data Collection for Yield and Yield Components  

Observations were taken on five plants for  the following attributes no. of clusters and 

yield  (kg)  per plant, number of flowers and fruits per cluster, plant height(cm), fruit 

firmness (kg/f) weight (g), length (mm), width( mm) as per tomato descriptor [133].  

 Quality Parameters   

However, in order to determine the different biochemical parameters fully matured 

fruits were collected from the field and extract was collected in falcon tubes by using 

Westpoint juicer blender grinder model number 7701. The extract was then centrifuged 

at 15,000 rpm, supernatant was collected and stored at − 20 oC and analyzed. To 

measure the lycopene content, the tomatoes were homogenized by a Bosch Easy Mix 

crusher (type CNHR6, Robert Bosch GmbH, Stuttgart, Germany). Lycopene was 

identified spectrophotometrically [134]. To total carotenoids were 

spectrophotometrically determined [135]. The fully matured fruits were taken to extract 

the pigments. The photosynthetic pigments were extracted from a 0.5 g of fruit in an 

aqueous acetone 85% (v/v) solution. The extract was centrifuged at 4000 rpm for 10 

min; the supernatants were then diluted with 85% aqueous acetone solution to the 

appropriate concentration for spectrophotometric analysis. The extinction was 
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evaluated against a blank of a pure 85% aqueous acetone at wavelengths of 453, 645 

and 663 nm. Ascorbic acid was determented by the method of 2, 6-dichloroindophenol 

(DCIP) which was  introduced by [136]. Estimation of total soluble protein content was 

performed using Bradford’s method [137]. 

 Statistical Analysis 

Data (average) was analysed for analysis of variance techniques using the method 

followed by Steel et al., [138]. [h2 (b.s)] broad sense heritability estimated following 

the technique of  Lush, [139] , Johnson et al., [140] and Hanson et al., [141]. Heritability 

can have categorized as low less than 30%, moderate range was 30 to 60% and high 

greater than 60%. Genetic advance (GA%) on 5% selection intensity was calculated 

and it classified as low less than 10%, moderate range is between 10 to 20% and high 

was greater than 20%, following the technique introduced by Lush (1949). Estimation 

of genotypic and phenotypic correlations  were figured out using the standard 

techniques set by  Johnson, et al. [142]  Hanson, et al. [141] Correlation coefficients 

were further partitioned into components of direct and indirect effects by path analysis 

[143, 144]. 
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Table 2.1 List of tomato genotypes used in study 1 

Ascension ID. Line/Cultivar Pedigree Traits Region/country 

LA3845 NCEBR-5 S. lycopersicum (Mutant) Early Blight resistant U.S.A (north Carolina) 

LA3846 NCEBR-6 S. lycopersicum (Mutant) Early Blight resistant Peru 

LA1035 CLN2768A S. cheesmaniae(wild type) Wild specie  Ecuador 

 BV 3 L. esculentum Yield  Bulgaria 

 BV 4 L. esculentum Yield Bulgaria 

 H-24 L. esculentum Early blight  Pakistan(Faisalabad) 

Romaking V54 L. esculentum Late Blight resistance  Pakistan(Islamabad) 

Pak0010576 V48 L. esculentum Late Blight resistance North korea 

 Titano S. lycopersicum Late Blight resistance Pakistan (Faisalabad) 

 Galia S. lycopersicum Late Blight resistance Pakistan(Gujranwala) 

LA3475 M-82 S. lycopersicum(Mutant) Late Blight resistance U.S.A(Califonia 

 Lyp-1  Fruit quality  Pakistan(Faisalabad) 

LA4347 B-L-35 L. esculentum(Mutant) Disease resistance, Fruit quality Spain 

 Canada Acc-1 S Fruit quality  

 West Viginia-63  Disease   

LA3847 NC HS-1 S. lycopersicum(Mutant) Disease resistant, Stress tolerant, Fruit quality Guatemala 

LA2938 UC-N28 L. esculentum(Mutant) Fruit quality traits U.S.A(California) 

 Naqeeb S. lycopersicum Yield  Pakistan(Faisalabad) 

 Meijielo L. esculentum Yield  China 

LA3913 TA1258 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus Spain 

LA3921 TA1105 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus U.S.A(California) 

LA3925 TA1111 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus Spain 

LA3930 TA1133 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus U.S.A(California) 

LA3938 TA1287 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus U.S.A(Indiana) 

LA3960 TA1550 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus Spain(Madrid) 

LA3969 TA1121 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus U.S.A(New York) 
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Table 2.1 continued 

Ascension ID. Line/Cultivar Pedigree Traits Region/country 

LA4043 IL 3-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4054 IL 5-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4071 IL 8-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4078 IL 9-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4087 IL 10-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4097 IL 12-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4099 IL 12-2 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4139 TA2874 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Turkey 

LA4141 TA2876 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Turkey 

LA4142 TA2877 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru  

LA4145 TA2880 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru 

LA4146 TA2881 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru 

LA4147 TA2882 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru 

LA4149 TA2884 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  U.S.A (New York) 

LA4151 TA2886 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru 

LA4153 TA2888 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Turkey 

LA4154 TA2890 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Ecuador 

LA4157 TA2893 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Ecuador 

LA4158 TA2894 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Ecuador 

LA4159 TA2895 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Ecuador 

LA4160 TA2896 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  U.S.A (New York) 

 21354  Fruit quality  Mexico 

 21396  Disease resistance and yield  Guatemala 

 Islamabad 4-2  Yield   

 RioMutant-400  Yield   
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2.3 Study 2: Genetic variation for antioxidant potential and 

quality attributes in diverse tomato germplasm 

 Plant Material 

A total of 49 tomato genotypes diverse in genetic makeup were collected from different 

countries and grown under field condition following RCBD design with triplets at 

NIAB. Six to four inches height of seedlings were transplanted in field. Keeping bed × 

bed distance 1.5 m, while plant × plant distance was 50 cm respectively. Each 

replication consisted of 7 plants per genotype. Nitrogen (N): Phosphorous (P): Potash 

(K) were applied @ 90:45:75 kg per acre. N was applied in the split farm; 1/3 dose of 

the N and full dose of both P and K was applied at transplanting while half of N was 

applied at flowering and fruiting stage. 

 Biochemical Analysis 

Sample Extraction for Biochemical Analysis  

Fully matured fruits from different replications were collected from the field and extract 

was collected in falcon tubes by using Westpoint juicer blender grinder model number 

7701. Samples of weight 0.2 g  fruit was take out in 2 ml (50mM) potassium phosphate 

buffer with pH 7.4. after that centrifugation at 14462xg for 10 min at 4°C was carried 

out to separate the supernant. Separated supernatant was then subject to analysis for 

different antioxidants and quality parameters. Data was in triplicate. 

Measurement of Total Phenolic Content (TPC) 

Total phenolics in tomato fruits were determined by a micro-colorimetric method  

described by Ainsworth and Gillespie in [145] . This method utilizes Folin-Ciocalteu 

(F-C) reagent. The standard curve was prepared using the various concentrations of the 

Gallic acid and afterward regression equation was worked out or calculated. Linear 

regression equation was used to calculate the TPC of the samples will be directly equal 

to the gallic acid present in the samples. 

Analysis of Vitamin C 

Ascorbic acid in fully ripened  fruit of tomato was estimated by using method 

established earlier [136]. In this process 2, 6-dichloroindophenol (DCIP) method was 

used. This method calculates reduced ascorbic acid in the samples. DCIPH2 was farmed 

by converting the molecule of DCIP with the help of every Vitamin C molecule and 
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this conversion was monitored on spectrophotometer, as a decrease in the absorbance 

at 520 nm. Standard curve was prepared with the help succession of known ascorbic 

acid concentrations. 

Determination of Reducing Sugar: 

Reducing sugars in tomato fruits were estimated following the procedure explained by 

Miller, [146] 

Estimation of Chlorophyll Content and Carotenoids: 

Total chlorophyll, total carotenoids and cholorophyll a, b were estimated with the   

spectrophotometer following the procedure explained by Metzner et al., [135]. 

Pigments were extracted from the 0.5 g of fully matured tomato fruits in 85% 

(volume/volume) liquid acetone solution. The extract of the solution was then subjected 

to @ 4000 rpm for 7-10 minutes.  Supernatants were collected and diluted to a 

appropriate concentration for spectrophotometric analysis with the help of 85% 

aqueous acetone solution. Reading of blank was measured   at wavelengths of 453, 645 

and 663 nm for 85% aqueous acetone and then this reading was subtracted from the 

samples.  

Determination of Lycopene: 

Lycopene and β-carotene contents were determined by spectrophotometer [134]. 

Tomato fruits were homogenized by a Bosch Easy Mix crusher in order to measure the 

lycopene concentration. 

Analysis of Protein:  

Bradford’s method [137] was used to estimated soluble proteins in the tomato samples. 

Determination of Peroxidase Activity (POD): 

Liu & Huang’s [147] procedure of determining the peroxidase activity(POD) was used. 

3ml Peroxidase reaction solution have 50mM KH2PO4 buffer having a maintained pH 

of 7.8, guaiacol 20mM, H2O2 40mM, and enzyme extract 100μl. At 470nm wavelength 

the changes in absorbance of the reaction solution were determined after every 20 sec. 

A unit of POD activity is equivalent to change of 0.01 per units per min of absorbance. 
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Analysis of Superoxide Dismutase (SOD): 

Superoxide dismutase (SOD) activity was assayed by measuring its ability to inhibit 

the photochemical reduction of nitrobluetetrazolium (NBT) following the method 

of[148, 149] with some modification. The SOD reaction solution (3 ml) contained 50 

μM NBT, 1.3 μM riboflavin, 13 mM methionine, 75 mM EDTA, 50 mM phosphate 

buffer (pH 7.8) and 50 μl enzyme extract. The tubes containing the reaction solution 

were irradiated under a light (15 W fluorescent lamps) at 78 μmolām-2 s-1 for 15 min. 

The absorbance of the irradiated solution at 560 nm was determined with a 

spectrophotometer (Hitachi U-2100, Tokyo, Japan). One unit of SOD activity was 

defined as the amount of enzyme which caused 50% inhibition of photochemical 

reduction of NBT. 

Estimation of Total Oxidant Status 

T.O.S of the tomato fruits was estimated following the set procedure followed by Erel 

[150]. This methods measures the ions of ferrous odinisidine complex. The color of the 

reaction which was directly equalent to the quantity  of oxidant molecules which were 

qualtified using spectrophotometer of HITACHI model  U-2800. This reaction mixture 

consisted of reagent R1 (stock xylenol orange solution (0.38g in 500 μL of 25 mM 

H2SO4), 0.49g NaCl, 500 μL glycerol and volume up to 50mL with 25 mM H2SO4), 

Sample extract and reagent R2 (0.0317g θ-anisidine, 0.0196g ferrous ammonium 

sulphate (II)). After 5 min. the absorption of each assay mixture was measured at 

wavelength 560 nm with the spectrophotometer (HITACHI U-2800). The μ moL H2O2 

equivalents/L term was used to express the results. 

Measurement of Malondialdehyde 

Malondialdehyde (MDA), a product of lipid peroxidation was determined by methodof 

Heath and Packer [151]. In this method modifications were made by Dhindsa [152] and 

Zhang and Kirham [153]. This method measures the amount of lipid peroxidation in 

the samples by using thiobarbituric acid (TBA). Fruit samples weighing 0.25g were 

homogenized in 5 ml 0.1% TCA and then was centrifuged at 10,000 rpm for 5 min. 

Add 4 ml of 20% TCA containing 0.5% TBA to 1ml of the supernatant. The mixture 

was heated at 95oC for 30 min and then quickly cooled in an ice bath. After 

centrifugation at 10,000 rmp for 10 min, the absorbance of the supernatant at 532 nm 



 

29 

 

was read and the value for the nonspecific absorption at 600 nm was subtracted. The 

MDA content was calculated by using an extinction coefficient of 155 mM-1 cm-1. 

 Statistical analysis 

For elaborating and understanding the statistical difference among the different groups 

of genotypes, analysis of variance was performed. Excel stat version (2015) was used 

to preform one-way analysis (with replications). Least significant difference (LSD) 

with 5% probability was used to test the means. Amount of variability within a specific 

group was indicated by the vertical bars in the graphs. 

2.4 Study 3 heterosis and combining ability studies for yield 

and quality attributes in tomato 

 Nursery Sowing 

To prepare nursery, the ploughed, levelled and divided into different section sections 

according to the different treatments.  Before sowing the seeds of each treatments were 

treated with Topsin 60 fungicide by hand in 1st week of October. The nursery was well 

watered twice a day. Healthy (disease free) seedlings of about 4-6˝ tallest of all the 

genotypes were transplanted in the field area. 

 Transplanting  

The study was led in R.C.B.D. (completely randomized block design) with triplets 

keeping bed to bed distance 1.50 m and plant × plant space was 0.50 m.  Every 

replication consists of 7 plants of a specific genotype . 

 Irrigation and Fertilization 

All the agronomic practice such as fertilizer application irrigation, hoeing and weeding 

were carried out adopting the standard practice as defined in a tomato descriptor. Seven 

plants of each genotype per replication were grown by applying Nitrogen (N): 

Phosphorous (P): Potash (K) @ of 90:45:75 kg per acre. One third of N while full dose 

of P and K was applied at the time of transplanting while remaining N was applied at 

reproductive stages. 
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 Data Collection and Data Analysis 

Data pertaining to yeild and its contributing attributes were collected for individual 

plants, the average of five randomly sampled plants were used.  

 Data for Yield and Yield Components 

Data was acquired for each five  plants for plant height(cm), DTM of the crop, no. of 

clusters and yield  (kg)  per plant, number of flowers and fruits per cluster, plant 

height(cm), fruit firmness (kg/f) weight (g), length (mm), width( mm) discribed in 

tomato discriptor [133].  

 Quality parameters 

Sample extraction for biochemical analysis  

Fully matured fruits from different replications were collected from the field and extract 

was collected in falcon tubes by using Westpoint juicer blender grinder model number 

7701. Samples of weight 0.2 g  fruit was take out in 2 ml (50mM) potassium phosphate 

buffer with pH 7.4. after that centrifugation at 14462xg for 10 min at 4°C was carried 

out to separate the supernant. Separated supernatant was then subject to analysis for 

different antioxidants and quality parameters. Data was in triplicate. 

Estimation of Total Carotenoids, Vitamin C, Lycopene and Protein Contents in 

Hybrids and Parental Genotypes. 

However, in order to determine the different biochemical parameters fully matured 

fruits were collected from the field and extract was collected in falcon tubes by using 

Westpoint juicer blender grinder model number 7701. The extract was then centrifuged 

at 15,000 rpm, supernatant was collected and stored at -20 oC and analysed. To measure 

the lycopene content, the tomatoes were homogenized by a Bosch Easy Mix crusher 

(type CNHR6, Robert Bosch GmbH, Stuttgart, Germany). Lycopene was identified 

spectrophotometrically (Scott, 2001). To total carotenoids were spectrophotometrically 

determined [154]. The fully matured fruits were taken to extract the pigments. The 

photosynthetic pigments were extracted from a 0.5 g of fruit in an aqueous acetone 85% 

(v/v) solution. The extract was centrifuged at 4000 rpm for 10 min; the supernatants 

were then diluted with 85% aqueous acetone solution to the appropriate concentration 

for spectrophotometric analysis. The extinction was evaluated against a blank of a pure 

85% aqueous acetone at wavelengths of 453, 645 and 663 nm. Ascorbic acid was 
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determented by the method of 2, 6-dichloroindophenol (DCIP) which was  introduced 

by Hameed, et al. [136]. Estimation of total soluble protein content was performed 

using Bradford’s method [137]. 

 Statistical Analysis 

Data for parental genotypes including lines testers and crosses were collected following 

standard procedures and then the data subjected to analysis of variance technique.  

Means of each line, tester and hybrids for the all traits were compared to grand means 

of lines, testers and hybrids respectively. If difference among means was found more 

than the calculated critical difference at 0.01 and 0.05 level, these differences were 

considered as significant. To estimate the extent of variation among the studied 

characters the coefficient of variation was calculated [155]. LSD ( least Significant test 

) was used to analysed the average performance of genotypes for different traits [156]. 

To calculate the variance of general combining ability(σ2SCA) , additive genetic 

variance (σ2A),  variance of specific combing ability (σ2SCA) and dominance genetic 

variance (σ2D) for the studied parameters a modified line x tester technique was used 

[157].  

Analysis of Variance of Line × Tester. 

ANOVA of diverse lines × testers analysis was carried out and various component of it 

is presented in the table 2.2. 
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Table 2.2 ANOVA Table 

Source of variation Degree of freedom (df) Mean Square 

Replications (r) (r-1)  

Genotypes (g) (g-1) MS2 

Parents (p) (p-1)  

Parents vs crosses 1  

Crosses (c) (c-1)  

Lines (l) (l-1) Ml 

Testers (t) (t-1) Mt 

Lines x testers (l-1) (t-1) Mlxt 

Error (r-1) (t-1) MS1 

Genotypic mean square was represented by MS2 however, M1 was lines mean square, 

Mt was presented as testerw mean square, lines × testers MS were presented by Mlxt 

and MS1 was error mean square in the table outlined above. 

Calculation of Contribution of Lines, Testers and Line × Tester Interaction 

Contribution of lines, tester and their interaction was calculated using the method 

described by R. K. Singh and B. D. Chaudhary [155]. 

  Contribution of lines =  
𝑆𝑆(lines)

SS (crosses)
x 100      (2 − 1)    

Contribution of testers =  
𝑆𝑆(testers)

SS (crosses)
x 100               (2 − 2)        

Contribution of (l x t) interaction     =  
𝑆𝑆(lxt)

SS (crosses)
x 100         (2 − 3) 

Where, SS of lines, testers and line× testers represented sum of square of each 

component respectively. 

2.5 Estimation of Combining Ability Effects 

Different combining abilities were calculated using line× tester analysis technique 

described by Nadarajan [157], Kempthorne [158].  General combining ability of parents 

(lines and testers) and specific combining ability of crosses (hybrids) were calculated 

using the formulas given below:  
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 Calculation of General Combining Ability (GCA) 

Effects 

Lines:     𝑔𝑖 =  
𝑥𝑖. .

𝑡𝑟
−

𝑥 …

𝑙𝑡𝑟
                   (2 − 4) 

      Testers    𝑔𝑡 =  
𝑥.𝑗.

𝑙𝑟
−

𝑥…

𝑙𝑡𝑟
                (2 − 5)  

Different Abbreviations     

L = Number of female parental genotypes used in the analysis (lines) 

T = Number of male parental genotypes used in the analysis (testers) 

R =Number of replications used in an experiment 

Xi = The total of F1 hybrids produced after crossing ith lines with the tester            

used in the study  

x.j.  = Total of all crosses of jth testers used with all the lines used in the 

expriement  

x…=Grand total of all crosses 

Calculation of specific combining (SCA)ability effects   

𝑆𝑖𝑗 =  
𝑥𝑖𝑗

𝑟
−

𝑥𝑖. .

𝑡𝑟
−  

𝑥. 𝑗

𝑙𝑟
+

𝑥 …

𝑙𝑡𝑟
        (2 − 6) 

xij represents: 

 xij=Total of F1 resulting from crossing ith lines with jth testers. 

 T test for Combining Ability Effects 

Statistical significance of different combining abilities effects was determined using t 

test at 1% and 5% probability level. The formulas of these calculation were presented 

below. 

              𝑡 (𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 ) 𝑓𝑜𝑟 𝑙𝑖𝑛𝑒𝑠 =  
𝐺𝐶𝐴

𝑆.𝐸.(𝑔𝑙)
     (2 − 7) 

𝑡 (𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 ) 𝑓𝑜𝑟 𝑡𝑒𝑠𝑡𝑒𝑟𝑠 =  
𝐺𝐶𝐴

𝑆. 𝐸. (𝑔𝑡)
     (2 − 8) 
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𝑡 (𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 )𝑓𝑜𝑟 𝑙𝑖𝑛𝑒x𝑡𝑒𝑠𝑡𝑒𝑟 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =  
𝑆𝐶𝐴

𝑆. 𝐸. (𝑙𝑡)
     (2 − 9) 

Standard errors for different combining abilities effects were calculated using 

following equations: 

𝑆. 𝐸. (𝑔𝑐𝑎 𝑓𝑜𝑟 𝑙𝑖𝑛𝑒) =  𝑆. 𝐸. (𝑔𝑙)        =    √
𝑀𝑒

𝑟𝑡
                         (2 − 10)  

𝑆. 𝐸. (𝑔𝑐𝑎 𝑓𝑜𝑟 𝑡𝑒𝑠𝑡𝑒𝑟) =  𝑆. 𝐸. (𝑔𝑡)    =   √
𝑀𝑒

𝑟𝑙
                         (2 − 11)  

     𝑆. 𝐸. (𝑠𝑐𝑎 𝑒𝑓𝑓𝑒𝑐𝑡𝑠) =  𝑆. 𝐸. (𝑙𝑡)     = √
𝑀𝑒

𝑟
                           (2 − 12)  

  𝑆. 𝐸. (𝑔𝑙𝑖 − 𝑔𝑙𝑗) 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑔𝑐𝑎 𝑒𝑓𝑓𝑒𝑐𝑡𝑠 𝑜𝑓 𝑡𝑤𝑜 𝑙𝑖𝑛𝑒𝑠 = √
2𝑀𝑒

𝑟𝑡
               (2 − 13) 

𝑆. 𝐸. (𝑔𝑡𝑖 − 𝑔𝑡𝑗) 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑔𝑐𝑎 𝑒𝑓𝑓𝑒𝑐𝑡𝑠 𝑜𝑓 𝑡𝑤𝑜 𝑡𝑒𝑠𝑡𝑒𝑟𝑠 = √
2𝑀𝑒

𝑙𝑟
             (2 − 14) 

𝑆. 𝐸. (𝑠𝑖𝑗 − 𝑠𝑘𝑙) 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑐𝑎 𝑒𝑓𝑓𝑒𝑐𝑡𝑠 𝑜𝑓 𝑡𝑤𝑜 𝑐𝑟𝑜𝑠𝑠𝑒𝑠 = √
2𝑀𝑒

𝑟
               (2 − 15) 

Where, 

S.E stands for standard error 

Me stands for error mean square 

2.6 Heterosis Calculation  

Two way ANOVA table represented the significance of the hybrids[11].  Different 

types of heterosis were calculated using S. Narayanam and P. Singh method [159]. 
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 Mid Parent Heterosis.  

Mid parent heterosis was calculated using the following formula. Performance of 

hybrids was evaluated against the average presentation of the particular parentages. The 

heterosis was expressed in terms of percentage. 

𝑀𝑖𝑑, 𝑝𝑎𝑟𝑒𝑛𝑡 −  ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠 =    
𝐹1 − 𝑀𝑃

𝑀𝑃
 𝑋 100         (2 − 16) 

Where: 

F1= Mean value of F1 hybrid 

MP = Average of two parents involved in the cross 

 Better Parent Heterosis 

Better parent heterosis was calculated using the formula given below.  In case of hyrids 

Better or high parent heterosis was assessed by comparing the mean performance of the 

hybrids against the better parent and the value was expressed in percentage: 

𝐵𝑒𝑡𝑡𝑒𝑟 − 𝑝𝑎𝑟𝑒𝑛𝑡 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠 =    
𝐹1 − 𝐻𝑃

𝐻𝑃
 𝑋 100         (2 − 17) 

F1= Mean performance value of F1 hybrid 

HP= Mean performance value to better-parent of the specific cross 

 Standard/Commercial Heterosis 

Standard or commercial heterosis was calculated using the formula given below. The 

heterosis was expressed in term of percentage increase or decrease in the mean value 

of F1 hybrids over the commercial check. 

𝑆𝑡𝑎𝑛𝑑𝑎𝑎𝑟𝑑 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠 =    
𝐹1 − 𝑆𝐶

𝑆𝐶
 𝑋 100         (2 − 18) 

Where, 

 F1= mean value of the F1hybrid 

SC = mean value of the standard check variety 
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 T Test for Estimation of Significance of Different 

Heterosis Calculations 

T test was done in order to check the level of significance of better parent mid parent 

and commercial heterosis. Following formulas were used to calculate the T values of 

the respective heterosis. 

𝑇 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑚𝑖𝑑 − 𝑝𝑎𝑟𝑒𝑛𝑡 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠 =    
 𝐹1 − 𝑀𝑃

𝑆. 𝐸.
              (2 − 19)  

Where, 

 S.E. =standard error for mid-parent heterosis 

                 𝑇 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝐵𝑒𝑡𝑡𝑒𝑟 − 𝑝𝑎𝑟𝑒𝑛𝑡 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠 =
 𝐹1−𝐵𝑃

𝑆.𝐸.
             (2 − 20) 

Where, 

 S.E. =standard error for high-parent heterosis 

         𝑇 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠 =  
𝐹1 − 𝑆𝐶

 𝑆. 𝐸.
                     (2 − 21) 

Standard error was estimated using the formulas given below: 

𝑆. 𝐸. 𝑜𝑓 𝑚𝑖𝑑 − 𝑝𝑎𝑟𝑒𝑛𝑡 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠   =     √
3

2𝑟
𝑀𝑒               (2 − 22) 

𝑆. 𝐸. 𝑜𝑓 ℎ𝑖𝑔ℎ − 𝑝𝑎𝑟𝑒𝑛𝑡 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠    =   √
2

𝑟
𝑀𝑒               (2 − 23) 

                   𝑆. 𝐸. 𝑜𝑓 𝑐𝑜𝑚𝑚𝑟𝑒𝑐𝑖𝑎𝑙 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠    =  √
2

𝑟
𝑀𝑒                    (2 − 24) 

In order to check the significance at 5 % and 1% the calculated t value was 

compared with tabulated T of error degree of freedom. 
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2.7  Study 4: Confirmation of Genetic Purity of Hybrids 

Using Different Molecular Markers 

 DNA Extraction 

DNA was extracted at seedlings stage from hybrids and parents using CTAB method 

described by DNA J. J. Doyle [160] with slight  modifications. 

 CTAB Buffer 

CTAB was prepared by weighing 2g of Polyvinyl Pyrrolidine (PVP-40) 0.584g of 

Ethylene Diamine tetra Acetic acid (EDTA), 2g of Cetyl Trimethyl Ammonium 

Bromide (CTAB), 1.21g of Trizma and 5.84g of sodium chloride (Nacl). All the 

weighed chemicals were dissolved in 50 micro litre of distilled water. After that the 

solution was then heated up to 65oC for 30 mins. The solution was then allowed to cool 

for 20 mins at room temperature. Makeup the final volume of the buffer up to 100 ml 

and in addition to that add 0.4 micro litre of β-mercaptoethanol every time just before 

using the buffer. 

 Isoamylalcohol: Chloroform (1:24) 

Take a falcon tube add 1 ml of isoamylalcohol and then add 24 ml of chloroform 

to it to prepare 1:24 Isoamylalcohol: Chloroform 

 Ethanol (75 %) 

In order to prepare 75 % of ethanol take 75ml of pure high-grade ethanol in 

measuring beaker and then make up the volume up to 100ml using distil water. 

Table 2.3 Equiments used for DNA Extration  

Pestle and mortar Pipettes Tips 

Centrifuge Water - Bath Eppendorf tubes 

 

Table 2.4 Reagnets used for DNA Extration   

2-Propenol Deionized Distilled H202 75% Ethanol 

Isoamyl alcohol: Chloroform (1:24) CTAB buffer  
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 Collection of Leaves Samples for the Extraction of 

DNA  

Young fresh leaves (7-8) were collected from the healthy and diseased free seedlings 

of the respective genotypes early in the morning using Sharpe blades/ scissors. The 

collected leaves and then these collected leaves were rinsed with distilled water. These 

leaves were then packed accordingly in the zipper bag, kept in ice bucket and brought 

to the lab for the further DNA extraction. 

 Steps of DNA Extraction 

➢ Healthy young leaves (6-7) of tomato plant were taken and thoroughly 

washed with the help of distilled water. 

➢ After that the washed leaves were grinded in 1ml prewarmed CTAB 

buffer by using sterilized pestle mortar. 

➢ The grinded samples were transferred to the falcon tubes/ Eppendorf 

tubes labelled with the name of genotypes or codes 

➢ Incubate the leaves samples in a water bath at 65 Co for 45 minutes with 

occasional gentle mixing after every 10 minutes 

➢ Then add 0.44 ml Isoamylalcohol: Chloroform (1:24) in the Eppendorf 

tubes after the incubation period.  The mixture in the tubes was left 

without lid  at room temperature for 10 minutes with gentle occasional 

mixing. 

➢ The mixture was then centrifuged at 12,000 rpm for 20 minutes. 

➢ Then collect the supernatant and transferred it to the fresh labelled 

eppendorf tubes with respective genotype names/ codes. 

➢ Then add 0.66 ml of chilled 2-propanol and left the mixture at room 

temperature for 40 minutes. 

➢ Centrifuged the mixture at 12,000 rpm for 9 minutes and then pour off 

the supernatant to keep the pallet. 

➢ After that add 0.5 ml of ethanol 75% and keep the mixture at room 

temperature for 15 mins. 

➢ This mixture was then centrifuged at 12,000 rpm for 4 minutes. 
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➢ After removing the supernatant product keep the pallet and left the 

eppendrof tube uncovered until the ethanol evaporates leaving behind 

the pallet.  

➢ Add 100 µl of double deionized water in the pallet and stored it at 4 Co 

for future analysis. 

 Quality of DNA 

The quality of DNA was checked before using it for further molecular analysis. In the 

first step  DNA concentration was measured at 260 nm quantified by Nano Drop-1000 

version 3.3.1 spectrophotometer. The quality was checked using with 1.5% agarose gel 

electrophoresis prepared using 1X TBE buffer and 6X DNA loading dye using different 

extracted samples of DNA. The gel was run for 40 mins and afterward the prodct was 

observed under ultraviolet emmiter and the picture was taken using syngene Gel 

Documentation system [161]  Stock of DNA samples in eppendrof were stored at -20°C 

for further analysis. 

2.8 Polymerase Chain Reaction: 

Polymerase chain  reaction technique was first introduced by kary mullis in 1983 [162]. 

It is used to amplify DNA molecules into several million copies with few hours. This 

technique is usually known as molecular photocopier. PCR was performed using SSR, 

RAPD and URP marker using the method described by different scientists [161] . PCR 

mixture consist of 1 U Taq polymerase, 0.2 mM dNTPs,1X PCR buffer and 1.50 mM 

MgCl2 mixed with 0.40 μM of respective primers and 4 μl of 25ng/μl DNA template. 

Thermal cycler (Bio RADT-100 USA) was used for PCR amplifications of SSR, RAPD 

and URP markers. The PCR profiles used for the amplification of DNA markers were 

presented in table 2.7  

Table 2.5 Equipments used for polymerase chain reaction 

Different callibrated pipettes and tips  Microfuge tubes 

Micro pipettes of range 2-20µl, 20 – 200µl and 100-1000µl Thermal cycler, 

 

Table 2.6 Reagents for polymerase chain reaction 

DNA Template Double Deionized Distilled Water Forward primers 

PCR Master Mix Polymerase chain reaction (PCR) Reverse primers 
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Table 2.7 PCR Profile for the Amplification of DNA Markers Used in the Study. 

PCR Profile RAPD SSR URP 

Temperature for initial denaturation 94 C0 94 °C 94 °C  

Time required for initial denaturation 4 minutes 2 minutes 3 minutes 

Temperature of denaturation 94 C0 94 °C 94 °C  

Time required of denaturation 30 seconds  30 seconds 1 minute 

Temperature for primer annealing  35 C0 50-60 °C  55 °C  

Time required for primer annealing 1 minute 30 seconds 1 minute 

Temperature for primer extension  2 C0 72 °C 72 °C  

Time required for primer extension 2 minutes  1 minute 2 minutes 

Temperature for the final extension  72 C0 72 °C  72 °C  

Time required for the final extension 7 minutes  10 minutes 10 

minutes 
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 Results 

3.1 Study 1: Relationship Of Path Coefficient Analysis And 

Different Genetic Components In Diverse Tomato 

Germplasm 

 Analysis of variance 

Analysis of variance showed highly significant mean square of genotypes for all traits 

(Table: 3.20). C.V for quality and agronomic traits ranged 10-20 % respectively. PCOV 

was reasonably on the higher side than that of the GCOV in each and every trait which 

was investigated in this experiment (Table: 3.20). Cluster per plant, plant height, fruit 

weight, vitamin C and protein contents had high heritability and high G.A. While, 

flowers per clusters, fruits per clusters, fruit firmness, lycopene, total carotenoids & 

yield / plant had higher value of heritability accoupled with low value of G. A. In this 

investigation high heritability accoupled moderated G.A was shown by f. w and f. l.  

 Genotypic and phenotypic correlations 

Correlation has been shown in table 3.3 both genotypic and phenotypic were present in 

that table. Yield/plant with plant height (0.4006, 0.3912), f. w ( 0.4493, 0.4240 ), fruit 

width (0.2739, 0.2459) and fruit length (0.4049, 0.3785) had significant and positive 

correlations (phenotypic & genotypic). While, correlation for positive for yield/ plant 

was measured as positive but It was non-significant for both rg and rp coefficients with 

protein contents. Contrary to this significant but negative associations of rg and rp was 

measured for characters like flowers / cluster, fruit / cluster and fruit firmness with yield 

/ plant. Negative rg and rp was measured (non-significant association) for lycopene 

contents and vitamin C contents with yield / plant. However, rg association was on 

negative side but it was non-significant, while, rp association was on the side positive 

for total caroteniods with yield / plant.  
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 Path analysis  

Path analysis results in table 3.4 indicated that number of flowers per cluster had highest 

direct positive effect on yield per plant followed by fruit width, fruit length plant height, 

fruit firmness and total carotenoids. While, there are certain traits which contributed 

indirectly towards yield per plant these traits were clusters per plant via plant height, 

fruit per clusters via fruit firmness and fruit width. Lycopene also contributed indirectly 

through flowers/clusters and fruit firmness and vitamin C through flowers per clusters, 

plant height and fruit length towards yield kg per plant. 
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Table 3.1 List of Tomato genotypes used in Study 1 

Ascension ID. Line/Cultivar Pedigree Traits Region/country 

LA3845 NCEBR-5 S. lycopersicum (Mutant) Early Blight resistant U.S.A (north Carolina) 

LA3846 NCEBR-6 S. lycopersicum (Mutant) Early Blight resistant Peru 

LA1035 CLN2768A S. cheesmaniae(wild type) Wild specie  Ecuador 

 BV 3 L. esculentum Yield  Bulgaria 

 BV 4 L. esculentum Yield Bulgaria 

 H-24 L. esculentum Early blight  Pakistan(Faisalabad) 

Romaking V54 L. esculentum Late Blight resistance  Pakistan(Islamabad) 

Pak0010576 V48 L. esculentum Late Blight resistance North korea 

 Titano S. lycopersicum Late Blight resistance Pakistan (Faisalabad) 

 Galia S. lycopersicum Late Blight resistance Pakistan(Gujranwala) 

LA3475 M-82 S. lycopersicum(Mutant) Late Blight resistance U.S.A(Califonia 

 Lyp-1  Fruit quality  Pakistan(Faisalabad) 

LA4347 B-L-35 L. esculentum(Mutant) Disease resistance, Fruit quality Spain 

 Canada Acc-1 S Fruit quality  

 West Viginia-63  Disease   

LA3847 NC HS-1 S. lycopersicum(Mutant) Disease resistant, Stress tolerant, Fruit quality Guatemala 

LA2938 UC-N28 L. esculentum(Mutant) Fruit quality traits U.S.A(California) 

 Naqeeb S. lycopersicum Yield  Pakistan(Faisalabad) 

 Meijielo L. esculentum Yield  China 

LA3913 TA1258 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus Spain 

LA3921 TA1105 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus U.S.A(California) 

LA3925 TA1111 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus Spain 

LA3930 TA1133 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus U.S.A(California) 

LA3938 TA1287 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus U.S.A(Indiana) 

LA3960 TA1550 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus Spain(Madrid) 

LA3969 TA1121 Introgression line (S. habrochaites) Resistance to Tobacco mosaic virus U.S.A(New York) 

LA4043 IL 3-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 
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Table 3.1 continued  
Ascension ID. Line/Cultivar Pedigree Traits Region/country 

LA4054 IL 5-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4071 IL 8-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4078 IL 9-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4087 IL 10-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4097 IL 12-1 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4099 IL 12-2 Introgression line (S. pennellii) Drought tolerant, Fruit development & quality Israel(Jerusalem) 

LA4139 TA2874 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Turkey 

LA4141 TA2876 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Turkey 

LA4142 TA2877 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru  

LA4145 TA2880 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru 

LA4146 TA2881 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru 

LA4147 TA2882 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru 

LA4149 TA2884 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  U.S.A (New York) 

LA4151 TA2886 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Peru 

LA4153 TA2888 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Turkey 

LA4154 TA2890 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Ecuador 

LA4157 TA2893 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Ecuador 

LA4158 TA2894 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Ecuador 

LA4159 TA2895 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  Ecuador 

LA4160 TA2896 Inbred line of S. pimpinellifolium Biotic & abiotic stresses, fruit quality  U.S.A (New York) 

 21354  Fruit quality  Mexico 

 21396  Disease resistance and yield  Guatemala 

 Islamabad 4-2  Yield   

 RioMutant-400  Yield   
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Table 3.2 Analysis of variance and estimates of genetic parameter of differnet yield parameter and fruit quality traits in tomato 

genotypes 

Source d.f Clusters 

/Plant 

Flowers 

/Clusters 

Fruits/ 

Clusters 

Plant 

height 

(cm) 

Fruit 

firmness 

(Kg/cm2) 

Single 

fruit 

weight 

(g) 

Single 

fruit 

width 

(mm) 

Single 

fruit 

length 

(mm) 

Lycopene 

(mg/g 

f.wt) 

Total 

Carotenoid 

(mg/g f.wt) 

Vitman 

C 

(ug/g. 

f.wt) 

Protein 

content

s 

(mg/g f. 

wt) 

Yeild/ 

Plant 

(kg) 

Replications 2 10.01 0.180 0.607 15.89 0.09647 106.52 12.990 11.203 0.00685 0.1994 4454 168.84 0.02 

Genotypes 49 453.4 

** 

5.021 

** 

5.56 

** 

1324.6 

** 

3.77 

** 

1676.6 

** 

120.62 

** 

221.47 

** 

5.38 

** 

19.09 

** 

141268 

** 

3575.8 

** 

0.64 

** 

Error 98 9.76 0.337 0.566 15.31 0.09558 96.33 18.247 14.962 0.02244 1.0789 4699 132.85 0.02 

Mean± S.E  78.17± 

2.5510 

5.38± 

0.4736 

4.77± 

0.6142 

65.43± 

3.1946 

5.41± 

0.2524 

58.55± 

8.0136 

45.17± 

3.4878 

50.03± 

3.1583 

6.48± 

0.1223 

14.04± 

0.8481 

4139.2± 

55.970 

223.2± 

9.4111 

1.16± 

0.1084 

C.V %  4.00 10.78 15.78 5.98 5.71 16.76 9.46 7.73 2.31 7.40 1.66 5.16 11.47 

σ2g  3704.70 33.187 33.813 891.038 29.213 1075.47 69.673 140.541 29.469 24.929 92942.9 2343.1 55.94 

σ2p  3711.35 34.358 40.938 901.456 29.591 1141.03 82.091 150.724 29.530 25.665 96140.9 2433.5 56.74 

GCOV  77.86 3.188 3.188 45.619 2.498 56.011 18.477 23.696 3.644 12.255 7.365 21.69 0.42 

PCOV  77.93 3.417 3.417 45.885 2.563 57.69 20.057 24.540 3.659 12.898 7.491 22.11 0.43 

h2(b.s) in 

%age 

 99.8 93.3 89.9 99.8 97.5 94.3 84.9 93.2 99.6 94.3 96.7 96.0 97.0 

G.A% of 

mean 

 85.14 2.41 2.46 41.55 2.19 44.57 10.77 16.03 2.67 4.76 419.65 66.50 0.89 

1 *, ** = Significant at 0.05 and highly significant 0.01 level of probability 



 

46 

 

 Table 3.3 Genotypic and phenotypic correlation coefficients of different yieldparameters and fruit quality traits in tomato genotypes 
 

 Cluster

s 

/Plant 

Flowers 

/Clusters 

Fruits/ 

Clusters 

Plant 

height 

(cm) 

Fruit 

firmness 

(Kg/f) 

S. Fruit 

weight 

(g) 

Single fruit 

width 

(mm) 

S. fruit 

length 

(mm) 

Lycopene 

(mg/g 

f.wt) 

Total 

Carotenoid 

(mg/g f.wt) 

Vitamin 

C 

(ug/g. 

f.wt) 

Proteins 

(mg/g f. 

wt) 

Yeild/ 

Plant 

(kg) 

Clusters 

/Plant 

G 1.000 

1.000 

0.3473* 

0.3345** 

0.1155* 

0.1098 

0.4593* 

0.4560** 

-0.3887* 

-0.3835** 

-0.2622* 

-0.2537* 

-0.2252* 

-0.2038 

-0.4170* 

-0.3992** 

0.1482* 

0.1480 

0.2433* 

0.2356* 

0.0904* 

0.0885 

-0.4437* 

-0.4342** 

0.0587* 

0.0578 P 

Flowers 

/Clusters 

G  1.000 

1.000 

0.889* 

0.862** 

-0.1089* 

-0.1087 

0.3117* 

0.2995** 

-0.2074* 

-0.2072 

-0.1092* 

-0.0976 

-0.2673* 

0.2571* 

0.118 

0.1053 

0.1438* 

0.1389 

0.1215* 

0.1242 

-0.4280* 

-0.4021** 

-0.2558* 

-0.2397* P 

Fruits/ 

Clusters 

G   1.000 

1.000 

-0.2419* 

-0.2337* 

0.4564* 

0.422** 

-0.1260* 

-0.1284 

0.0237 

0.0273 

-0.1305* 

-0.1245 

-0.0433 

-0.0404 

0.0694 

0.0607 

0.0864* 

0.0877 

-0.2477* 

-0.2348* 

-0.4173* 

-0.3794** P 

Plant height 

(cm) 

G    1.000 

1.000 

-0.4541* 

-0.4464** 

0.2147* 

0.2091 

-0.0457* 

-0.0424 

0.2023* 

0.1939 

-0.1387* 

-0.1383 

-0.1703* 

-0.1710 

0.0283* 

0.0257 

-0.0451* 

-0.0458 

0.4006* 

0.3912** P 

Fruit firmness 

(Kg/f) 

G     1.000 

1.000 

-0.2526* 

-0.2447* 

-0.1799* 

-0.1615 

-0.1287* 

-0.1228 

0.2212* 

0.2175 

0.2391* 

0.2351* 

-0.1573* 

-0.1555 

0.0168 

0.0132 

-0.3187* 

-0.3049** P 

Single fruit 

weight (g) 

G      1.000 

1.000 

0.8902* 

0.8126** 

0.7076* 

0.6800* 

-0.4263* 

-0.4116** 

-0.4560* 

-0.4371* 

-0.1047* 

-0.0976 

0.3196* 

0.3052** 

0.4493* 

0.4240** P 

Single fruit width 

(mm) 

G       1.000 

1.000 

0.4171* 

0.3920** 

-0.2843* 

-0.2645* 

-0.2107* 

-0.1959 

-0.0645* 

-0.0581 

0.3239* 

0.2974** 

0.2739* 

0.2459* P 

Single fruit length 

(mm 

G        1.000 

1.000 

-0.4164* 

-0.4031** 

-0.4853* 

-0.4548** 

0.0082* 

0.0018 

0.1960* 

0.1945 

0.4049* 

0.3785** P 

Lycopene 

(mg/g f.wt) 

G         1.000 

1.000 

0.9255* 

0.8943** 

-0.0047 

-0.0048 

-0.4524* 

-0.4429** 

-0.1191 

-0.1173 P 
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Table 3.3 Continued 

  Cluster

s 

/Plant 

Flowers 

/Clusters 

Fruits/ 

Clusters 

Plant 

height 

(cm) 

Fruit 

firmness 

(Kg/f) 

S. Fruit 

weight 

(g) 

Single fruit 

width 

(mm) 

S. fruit 

length 

(mm) 

Lycopene 

(mg/g 

f.wt) 

Total 

Carotenoid 

(mg/g f.wt) 

Vitamin 

C 

(ug/g. 

f.wt) 

Proteins 

contents 

(mg/g f. 

wt) 

Yeild/ 

Plant 

(kg) 

 

Total Carotenoid 

(mg/g f.wt 

 

G 

          

1.000 

       1.000 

 

0.0055 

0.0001 

 

-0.5340* 

-0.5108** 

 

-0.1364 

0.1266 P 

Vitman C 

(ug/g. f.wt 

G           1.000 

1.000 

-0.2870* 

-0.2813* 

-0.0065 

-0.0043 P 

Protein contents 

(mg/g f. wt) 

G            1.000 

1.000 

0.0026 

0.0058 P 

Yield kg/Plant G             1.000 

1.000 P 

1..* Significant at 5% level :  2** Significant at 1% level 
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Table 3.4 Genotypic path coefficient of different yield parameters and fruit quality traits on fruit yield in tomato genotypes 
 

Clusters 

/Plant 

Flowers 

/Clusters 

Fruits/ 

Clusters 

Plant 

height 

(cm) 

Fruit 

firmness 

(Kg/f) 

Single 

fruit 

weight 

(g) 

Single 

fruit 

width 

(mm) 

Single 

fruit 

length 

(mm) 

Lycopene 

(mg/g 

f.wt) 

Total 

Carotenoid 

(mg/g f.wt) 

Vitman C 

(ug/g. f.wt) 

Protein 

contents 

(mg/g f. 

wt) 

Yeild/ 

Plant 

(kg) 

G. Cor 

Clusters/Plant -0.0687 0.5055 -0.2181 0.1822 -0.1130 0.3063 -0.2665 -0.3226 -0.1022 0.1156 -0.0061 0.0462 0.0587* 

Flowers/ 

Cluster 
-0.0239 1.4554 -1.6686 -0.0432 0.0906 0.2423 -0.1292 -0.2068 -0.0771 0.0683 -0.0082 0.0445 -0.2558* 

Fruits /cluster -0.0079 1.2857 -1.8888 -0.0959 0.1326 0.1472 0.0280 -0.1010 0.0299 0.0330 -0.0058 0.0258 -0.4173* 

Plant height 

(cm) 
-0.0315 -0.1585 0.4568 0.3966 -0.1320 -0.2508 -0.0540 0.1565 0.0956 -0.0809 -0.0019 0.0047 0.4006* 

Fruit firmness 

(Kg/f) 
0.0267 0.4536 -0.8621 -0.1801 0.2906 0.2951 -0.2129 -0.0996 -0.1525 0.1136 0.0106 -0.0017 -0.3187* 

Single fruit 

weight (g) 
0.0180 -0.3019 0.2381 0.0851 -0.0734 1.1682 1.0533 0.5473 0.2939 -0.2167 0.0071 -0.0332 0.4493* 

Single fruit 

width(mm) 
0.0155 -0.1589 -0.0447 -0.0181 -0.0523 -1.0400 1.1831 0.3226 0.1960 -0.1001 0.0044 -0.0337 0.2739* 

Single fruit 

length(mm) 
0.0286 -0.3891 0.2466 0.0802 -0.0374 -0.8266 0.4934 0.7735 0.2871 -0.2306 -0.0006 -0.0204 0.4049* 

Lycopene 

(mg/g f.wt) 
-0.0102 0.1628 0.0818 -0.0550 0.0643 0.4980 -0.3364 -0.3221 -0.6894 0.4398 0.0003 0.0471 -0.1191 

Total 

Carotenoids 

(mg/g f.wt) 

-0.0167 0.2093 -0.1312 -0.0676 0.0695 0.5327 -0.2492 -0.3754 -0.6381 0.4751 -0.0004 0.0555 -0.1364 

Vitman C 

(ug/g. f.wt) 
-0.0062 0.1769 -0.1633 0.0112 -0.0457 0.1223 -0.0763 0.0063 0.0033 0.0026 -0.0675 0.0298 -0.0065 

Protein 

contents 

(mg/g f. wt) 

0.0305 -0.6229 0.4678 -0.0179 0.0049 -0.3733 0.3832 0.1516 0.3119 -0.2537 0.0194 -0.1040 0.0026 

* Significant at 5% level       2** Significant at 1% level           3 Diagonal values (Bold) indicate direct effect 
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3.2 Study2: Genetic Variation for Antioxidant Potential and 

Quality Attributes in Diverse Tomato Germplasm 

Mean values of the all the categories for all the studied parameters were presented in 

the figures, however mean performance of the individuals among the various categories 

were shown in the table 3.5. TPC for different categories of tomatoes were presented 

(fig. 3.1) highest mean value of 806.7 mg/kg F.W. was recorded for introgression lines 

of S. pennellii. While open pollinated varieties had 659.5 mg/kg F.W. backcross 

populations had 644.1 mg/kg F.W, introgression lines of S. habrochaites had 540.4 

mg/kg F.W., modern vintage and cultivars 248.5 mg/kg F.W. Elite hybrids and 

commercial hybrids recorded least mean TPC among different tested categories of 

tomatoes (155.3 mg/kg F.W. and 128.1 mg/kg F.W.). while among the introgression 

lines of S. pennellii Lyp-1 (950.9 mg/kg F.W.) has maximum amount of TPC presented 

in table 3.5. Vitamin C content of modern and vintage cultivars were 427 mg/kg F.W. 

followed by contents of introgression lines of S. pennellii (424 mg/kg F.W.). Minimum 

value of vitamin C (395.3 mg/kg F.W.) was recorded in elite hybrids as indicated in 

figure 3.1. Mean performance of the different categories of tomotes for reducing sugar 

were presented in figure.3.2. Highest mean value of reducing sugar was recorded for 

introgression lines of S. pennellii (78.8 mg/kg F.W.) followed by backcross populations 

(68.67 mg/kg F.W). However, elite hybrids possessed 7.6 mg/kg F.W. and commercial 

hybrids had 5.6 mg/kg F.W. mean values for reducing sugars. LA 4097 in table 3.5 

among introgression lines of S. pennellii had highest mean value (109 mg/kg. F.W) for 

reducing sugar. NBH-3 of elite hybrid and T-1359 of commercial hybrid had 16.5 

mg/kg F.W. and 9 mg/kg F.W. mean reducing sugar contents respectively (table 3.5). 

Mean value of different tomatoes categories for total carotenoids were presented in 

figure 3.3. Maximum value of total carotenoids was observed for introgression lines of 

S. pennellii (172.6 mg/kg F.W.) followed by backcross population (157.6 mg/kg F.W.). 

Elite and commercial hybrids have 20.3 mg/kg F.W. and 22.90 mg/kg F.W. mean 

carotenoids contents respectively which were lowest of all the categories. While among 

tested genotypes of introgression lines of S. pennellii LA4043 had maximum value (195 

mg/kg F.W) for carotenoids contents (Table 3.5). Variation for lycopene content in 

tomato genotypes was observed and data was recorded (table 3.5). Introgression lines 

of S. pennellii had  maximum of 83.6 mg/kg F.W. lycopene followed by that of 

backcross populations (71.6 mg./kg F.W.) presented in figure 3.3. Lowest mean 
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lycopene content was recorded for Elite hybrids (11.7 mg/kg F.W.) while commercial 

hybrids possessed 13.5 mg/kg F.W. lycopene contents. Within Introgression lines of S. 

pennellii LA 4099 and LA 4054 had similar lycopene contents (89.3 mg/kg F.W.). Open 

pollinated varieties recorded highest mean value of protein content (238.31 mg/g F.W.), 

lowest mean proteins contents were in elite and commercial hybrids (fig.3.3). Within 

open pollinated varieties, B30 showed maximum value (285.5 mg/g F.W.) of protein 

content while in commercial hybrids, T-1359 had least protein content (21.5 mg/g 

F.W.). Average protein contents of commercial hybrids were 31.5 mg/g F.W. Mean 

protein contents of modern and vintage cultivars were 235.8 mg/g F.W., introgression 

lines of S. habrochaites recorded 234.2 mg/g F.W. and introgression lines of S. pennellii 

recorded mean protein contents of 205.1 mg/g F.W. Backcross populations recorded a 

mean value of protein i.e. 202.6 mg/g F.W. Maximum variation for the fruit protein 

content was observed in modern and vintage cultivars (from 206.7 to 282.5 mg/g F.W.) 

followed open pollinated varieties. Peroxidase (POD) activity for different categories 

of tomatoes were presented figure 3.4. Highest POD activity was observed for 

commercial hybrids (2641.50 Units/g F.W.) followed by that of elite hybrids (2091 

units/g F.W.). Introgression lines of S. pennellii recorded 952 Units/g F.W. POD 

activity. Among commercial hybrids maximum value for POD was recorded in T-1359 

that was 2649 Units/g F.W. with a very narrow range of variability (figure 3.4), while 

highest mean value of POD among elite hybrids was recorded for NBH-7 (2945 Units/g 

F.W.) in the respective categories (table.3.5). Introgression lines of S. habrochaites 

recorded highest value of mean superoxide dismutase (111.5 Unit/g F.W) followed by 

open pollinated group with 89.2 Unit/g F.W. and backcross populations with 88.7 

Unit/g F.W. mean SOD value (figure 3.4). LA 3938 (137.8 Unit/g F.W.) among 

introgression lines of S. habrochaites recorded highest mean SOD contents (table 3.5). 

Mean values of for all the chlorophylls inducing total a and b contents for different 

groups of tomatoes have been recorded and presented in figure 3.5. Highest mean value 

for chlorophyll a, b and total chlorophyll contents were recorded for backcross 

populations category (59.24 µg/g F.W 96.85 µg/g F.W 159.09 µg/g F.W respectively). 

Lowest mean value for all the chlorophylls inducing total a and b contents was recorded 

for elite hybrids category. Total oxidant status of different classes of tomatoes were 

shown in figure 3.6. Mean TOS value for introgression lines of S. pennellii was 151.3 

µM/g F.W. followed by that of backcross populations with 137.3 µM/g F.W. while, 

open pollinated varieties had (128.1 µM/g F.W.), modern and vintage cultivars (126.4 
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µM/g. F.W.) and introgression lines of S. habrochaites (125.1 µM/g. F.W.) possessed 

mean TOS value. On the other hand, elite hybrids recorded 75.1 µM/g F.W. and 

commercial hybrids recorded 70.4 µM/g F.W. means TOS. LA 3475 among 

introgression lines of S. pennellii (188.6 µM/g F.W.) recorded the maximum TOS 

content. However, mean MDA contents presented in figure 3.7 for S. pennellii were 

1.24 µM/g F.W. While, elite and commercial hybrids have 0.6 µM/g F.W. and 0.71 

µM/g F.W. MDA contents However, modern and vintage cultivars have 2.0 µM/g F.W. 

MDA contents. 

 Correlation Between Total Carotenoids and Other 

Parameters 

Data for correlation studies between total carotenoids and other antioxidants were 

presented in table 3.6. To understand the relationship of different antioxidants with total 

carotenoids hence, it revealed that total carotenoids had a positive and significant 

correlation with lycopene content (r =0.961), chlorophyll a (r=0.607), chlorophyll b 

(r=0.689), total chlorophyll content (r=0.682), reducing sugar (r=0.713), total oxygen 

status (r=0.559), protein (r=.616) and total phenolic content (r=.535). Contrary to that 

negative correlation existed between total carotenoids and peroxidase activity with an 

r value of -0.539. Nonsignificant correlation was present between carotenoids content, 

vitamin C and MDA. 
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Table 3.5 Mean values for different parameters tested in tomato genotypes 

Genotype

s 

Total 

pheno

ls 

mg/kg 

F.W. 

 

Vitami

n C 

mg/kg 

F.W. 

Reduci

ng 

Sugar 

mg/g 

F.W. 

Total 

carotenoi

d 

mg/kg 

F.W. 

Lycope

ne 

mg/kg 

F.W. 

Protei

n 

mg/g 

F.W. 

Per 

oxidas

e 

activit

y 

Unit/g  

 F .W. 

Superoxi

de 

dismutas

e 

Unit/g 

F.W. 

Chloroph

yll 

a 

µg/g F.W. 

Chloroph

yll 

b 

µg/g F.W. 

Total 

Chloroph

yll 

µg/g F.W. 

Total 

Oxida

nt 

Status. 

µM/g 

F.W. 

Malondialdehy

de 

µM/g F.W. 

i.Introgression lines of S. habrochaites 

LA3969 443.7 420.1 62 162.6 81.7 244.0 800 111.4 125.1 140.8 266.0 137.0 1.39 

LA3960 678.3 392.9 49.7 110.3 50.8 239.4 667 89.2 43.5 76.4 118.2 123.2 1.707 

LA3938 609.1 412.2 56 156.6 72.4 204.4 579 137.8 67.7 112.1 179.9 107.6 1.624 

LA3930 583.6 431.8 71 137.5 51.3 213.8 577 106.6 13.4 23.6 49.0 123.3 1.954 

LA3925 331.3 417.8 45.8 129.4 62.9 249.6 577 121.8 62.1 103.1 165.2 110.4 1.311 

LA3921 735.9 439 68.2 141.1 56.9 224.4 622 117.9 12.6 63.4 75.9 136.1 2.03 

LA3913 401.2 381.9 82.6 160 67.5 263.6 607 95.8 57.5 90.3 147.8 138.0 1.376 

ii. Modern& Vintage Cultivars 

LA3846 113.0 431.3 32.7 106.1 56.2 282.5 355 106.4 64.7 103.5 168.2 160.3 2.364 

LA4347 373.8 431.8 33.2 106.7 50.5 214.9 518 26.1 53.7 82.7 136.5 111.3 1.889 

LA3845 135.9 411.3 87.8 111.8 58.2 206.7 252 44.9 64.7 104.5 169.2 125.1 2.508 

LA2938 371.2 436 27.1 97.3 44 239.0 696 79.2 40.7 62.2 102.8 109.0 1.297 

iii Open pollinated cultivars 

Romaking 842.4 388.1 87.5 127.2 56 260.6 148 107.3 42.6 67.7 110.3 94.2 1.796 

B31 582.3 368 76.6 108.1 50.2 256.9 237 106.2 44.1 71.0 115.1 161.8 2.147 

B30 428.1 382.4 31.8 120.4 58.1 285.5 237 68.7 53.6 86.1 139.7 119.8 1.827 
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Table 3.5 Continued 
  

Genotype

s 

Total 

pheno

ls 

mg/kg 

F.W. 

 

Vitami

n C 

mg/kg 

F.W. 

Reduci

ng 

Sugar 

mg/g 

F.W. 

Total 

carotenoi

ds 

mg/kg 

F.W. 

Lycope

ne 

mg/kg 

F.W. 

Protei

n 

mg/g 

F.W. 

Per 

oxidas

e 

activit

y 

Unit/g  

 F .W. 

Superoxi

de 

dismutas

e 

Unit/g 

F.W. 

Chloroph

yll 

a 

µg/g F.W. 

Chloroph

yll 

b 

µg/g F.W. 

Total 

Chloroph

yll 

µg/g F.W. 

Total 

Oxida

nt 

Status. 

µM/g 

F.W. 

Malondialdehy

de 

µM/g F.W. 

Galia 781.0 437.1 34.3 154.9 67.5 272.9 281 99.7 47.2 73.5 120.7 122.7 1.597 

Titano 737.8 432.9 52.2 108.6 51.6 244.3 266 71.5 47.4 76.7 124.1 189.0 1.81 

ISL. 4-2 674.5 431 80.8 152.3 77.7 180.4 992 89.2 79.2 135.0 214.2 112.9 1.738 

West 

Viginia-

63 

610.4 429.3 41.8 75.4 34 277.9 355 105.8 31.2 47.3 78.4 108.3 1.82 

Canada 

Acc-1 

852.2 429.4 26.2 90.1 36.2 229.8 918 86.5 25.2 39.7 64.9 135.9 1.094 

RioMutan

t-400 

515.0 422.2 65.3 170.8 80.6 174.5 858 57.8 64.9 112.5 177.4 113.9 0.977 

Meijielo 406.5 434.4 25.5 138.9 69.5 217.5 636 93.3 75.3 120.6 195.9 149.1 1.772 

Naqeeb 824.1 406 55.2 143.3 67.7 221.2 444 94.9 55.8 91.6 147.4 101.2 1.872 

iv. Backcross populations  

LA4149 345.7 441.3 65.2 163.3 74.4 216.7 770 73.2 43.8 77.8 121.7 146.3 1.342 

LA4147 708.4 399.4 70.1 171.7 69.4 203.4 1095 119.6 38.3 70.0 108.3 160.2 1.404 

LA4146 777.0 433.8 43.7 167 69.9 237.2 977 101.7 43.4 78.3 121.6 116.3 1.177 

LA4145 692.7 396 91.5 157.6 63.6 185.5 1051 73.0 35.8 65.4 101.3 161.1 1.27 

LA4142 445.1 394.9 82 151.1 63.1 174.8 1154 98.2 39.0 72.3 111.4 159.4 1.445 

LA4141 879.7 415.2 60.6 144.1 62.1 232.4 903 105.3 43.2 79.2 122.4 156.3 1.975 
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Table 3.5 Continued 

Genotype

s 

Total 

pheno

ls 

mg/kg 

F.W. 

 

Vitami

n C 

mg/kg 

F.W. 

Reduci

ng 

Sugar 

mg/g 

F.W. 

Total 

carotenoi

ds 

mg/kg 

F.W. 

Lycope

ne 

mg/kg 

F.W. 

Protei

n 

mg/g 

F.W. 

Per 

oxidas

e 

activit

y 

Unit/g  

 F .W. 

Superoxi

de 

dismutas

e 

Unit/g 

F.W. 

Chloroph

yll 

a 

µg/g F.W. 

Chloroph

yll 

b 

µg/g F.W. 

Total 

Chloroph

yll 

µg/g F.W. 

Total 

Oxida

nt 

Status. 

µM/g 

F.W. 

Malondialdehy

de 

µM/g F.W. 

LA4151 688.8 415.7 80.5 141.6 62 223.3 1184 106.5 46.4 83.0 129.4 116.8 1.703 

LA4153 943.0 399.8 50.9 146.5 70.5 217.6 962 80.5 72.0 112.1 184.2 136.8 1.779 

LA4154 699.9 418.6 69.9 152.3 74.9 210.1 932 80.1 59.2 102.2 161.4 110.4 1.469 

LA4157 707.1 442.4 49 168.6 81.1 197.8 770 51.1 73.0 126.6 199.6 110.2 1.136 

LA4158 499.3 411.2 82 169 85.1 168.9 947 78.8 80.0 142.3 222.4 128.6 1.683 

LA4159 313.0 400.7 65.5 178.6 83.8 208.6 977 131.6 69.8 120.7 190.6 157.3 1.273 

LA4160 510.4 431.3 82.2 166.2 89.3 184.2 1006 81.0 97.1 166.7 263.8 116.1 1.253 

LA4139 807.1 431.9 67.8 128.2 52.7 175.9 1095 61.4 32.2 59.2 91.4 146.7 1.6 

v. Intro  lines  of S. pennellii 

LA4099 867.9 402.1 70.6 178.1 89.3 162.07 947 46.2 49.3 56.1 105.4 141.3 1.02 

LA4097 657.5 416.6 109.3 176 86.2 206.81 1154 66.2 34.1 64.0 98.1 179.3 1.39 

LA4087 781.6 432.3 85.3 185.8 86.5 222.81 799 59.7 41.3 76.6 117.9 146.2 1.535 

LA4078 883.5 430 98.4 180 78.7 209.33 814 101.3 38.0 68.5 106.5 158.0 1.193 

LA4064 718.9 434.6 75.9 154.9 81 177.48 873 95.9 39.3 71.2 110.5 159.6 1.193 

LA4054 869.8 434.1 86.8 170.2 89.3 235.26 829 121.9 56.2 98.9 155.1 146.2 1.2 

LA4043 859.4 390.4 67.7 196 74.9 211.11 903 71.6 54.2 114.4 168.6 122.4 1.43 
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Table 3.5 Continued 

Genotype

s 

Total 

pheno

ls 

mg/kg 

F.W. 

 

Vitami

n C 

mg/kg 

F.W. 

Reduci

ng 

Sugar 

mg/g 

F.W. 

Total 

carotenoi

ds 

mg/kg 

F.W. 

Lycope

ne 

mg/kg 

F.W. 

Protei

n 

mg/g 

F.W. 

Per 

oxidas

e 

activit

y 

Unit/g  

 F .W. 

Superoxi

de 

dismutas

e 

Unit/g 

F.W. 

Chloroph

yll 

a 

µg/g F.W. 

Chloroph

yll 

b 

µg/g F.W. 

Total 

Chloroph

yll 

µg/g F.W. 

Total 

Oxida

nt 

Status. 

µM/g 

F.W. 

Malondialdehy

de 

µM/g F.W. 

LA3475 671.2 421 61.9 156 84.4 213.04 1717 27.6 48.7 78.2 126.9 188.6 1.037 

Lyp-1 950.9 414.9 52.9 156.8 82.4 208.15 533 105.3 57.7 93.0 150.7 119.9 1.16 

vi. Elite Hybrids  

NBH-3 147.0 392.7 16.5 20.8 12.2 33.8 1480 36.6 13.2 23.4 36.6 88.4 0.719 

NBH-2 151.0 392.1 4.2 19.6 11.1 54.7 1850 32.2 12.2 20.0 32.2 71.9 0.471 

NBH-7 168.0 401.2 2.1 20.3 11.8 42.2 2945 33.7 12.2 21.5 33.7 65.0 0.64 

vii . Commercial Hybrids 

Salar 162.7 411.8 4 19.8 12.1 41.5 2634 37.4 13.5 23.9 28.8 73.4 0.561 

T-1359 93.5 395.4 9 26 14.9 21.5 2649 49.9 16.0 33.9 38.2 67.3 0.86 

S.Eof 

Means 

CD(P=0.0

5) 

25.90 6.4 1.1 3.2 3.2 7.12 23.6 2.1 4.1 6.2 6.4 2.1 0.12 
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Table 3.6 Correlation studies between Total Carotenoids and other antioxidants 

Antioxidants  Protein 

mg/g 

F.W. 

Per 

peroxidase 

activity 

Unit/g  

F.W. 

Total 

phenols 

mg/kg 

F.W.  

Lycopene 

mg/kg 

F.W. 

Chlorophyll 

a  

µg/g F.W. 

Chlorophyll 

b 

µg/g F.W. 

Total 

carotenoids 

mg/kg 

F.W. 

Total 

Chlorophyll 

µg/g F.W. 

Superoxide 

dismutase 

Unit/g 

F.W. 

Vitamin 

C 

mg/kg 

F.W. 

Reducing 

Sugar 

mg/g 

F.W. 

Total 

Oxidant 

Status. 

µM/g 

F.W. 

M.D.A 

µM/g 

F.W. 

Proteins 
1 

            

Peroxidase 

activity 
-0.858 1            

Total phenols 0.457 -0.38 1           

Lycopene 0.585 -0.539 0.433 1          

Chlorophyll a 0.422 -0.409 0.091 0.768 1         

Chlorophyll b 0.425 -0.419 0.153 0.846 0.937 1        

Total carotenoids 0.616 -0.539 0.535 0.961 0.607 0.689 1       

Total chlorophyll 0.449 -0.443 0.143 0.839 0.976 0.988 0.682 1      

Superoxide 

dismutase 
0.583 -0.504 0.338 0.448 0.271 0.316 0.491 0.314 1     

Vitamin C 0.212 -0.170 0.183 0.249 0.129 0.164 0.228 0.161 0.072 1    

Reducing sugar 0.423 -0.447 0.441 0.654 0.319 0.423 0.713 0.402 0.418 -0.006 1   

Total oxidant 

status 
0.525 -0.396 0.388 0.478 0.206 0.232 0.559 0.238 0.272 0.172 0.507 1 

 
Malondialdehyde 0.658 -0.659 0.340 0.406 0.269 0.305 0.423 0.310 0.296 0.102 0.420 0.527 1 

Values in bold are different from 0 with a significance level alpha=0.05 



 

57 

 

 

Figure 3.1 Variation in the content of total phenols and vitamin c in different groups of tomato genotypes. Vertical bars indicate the 

extent of variation within the group
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Figure 3.2 Variation in the content of reducing sugars in different groups of tomato genotypes. Vertical bars indicate the extent of 

variation within the groups.
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Figure 3.3Variation in the content of total carotenoids, lycopene and Protiens in different groups of tomato genotypes. Vertical bars 

indicate the extent of variation within the groups.
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Figure 3.4 Variation in the content of Peroxidase activity and superoxide dismutase in different groups of tomato genotypes. Vertical 

bars indicate the extent of variation within the groups
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Figure 3.5 Variation in the content of chlorophyll a, chlorophyll b and total chlorophyll in different groups of tomato genotypes. Vertical 

bars indicate the extent of variation within the groups.
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Figure 3.6Variation in the content of Total Oxidant Status in different groups of tomato genotypes. Vertical bars indicate the extent of 

variation within the groups.
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Figure 3.7 Variation in the Malondialdehyde content in different groups of tomato genotypes. Vertical bars indicate the extent of 

variation within the groups
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3.3 Study 3: Evaluation of Hybrids for Yield, Yield 

Components and Fruit Quality Attributes 

 Mean Performance of Tomato Hybrids and Parents 

Mean values pertatining to the breeding material were listed in table 3.8. Result 

indicated that hybrid Vendor × V48 has maximum numbers of cluster / plant (95.3), 

numbers of flowers / clusters (9.0), fruit weight (58.3), fruit width (45.1) and fruits yield 

/ plant (3.8) among hybrids. However, LA4141 × WV-63 have 6.0 kg/f fruit and 84.2 

cm, fruit firmness and plant height respectively. In case of days to maturity (151) 

number fruits per cluster (7) and vitamin c contents (4131.4), Lyp-1× LA4157 

preformed best among the hybrids for the said traits. LA4141 × V48 has highest protein 

contents (316.3), while LA4141 × 21354 has maximum carotenoids (20.6) and 

lycopene (11.4) contents among the hybrids. Check hybrid T1359 have 92, 160.3, 7.3, 

3.7, 55.6, 43.5, 44.7, 5.1, 65.1, 16.1, 3433.3, 9.4,  254.2 and 3.2, numbers of clusters / 

plant, D.T.M , numbers of flowers / cluster, numbers of fruits / cluster, F. W , F. Wd, 

F. L , fruit firmness, plant height, carotenoids, vitamin C, lycopene, protein and fruit 

yield / plant respectively. 

 Analysis of Variance 

Average Values of different  economical yield & quality related parameter were 

analyzed by applying ANOVA technique in order to check weather the differences 

between the genotypes were significant (table 3.9) . The analysis revealed that the 

difference between tested genotypes were significant infact have higher significant 

level were noted, moreover the lines, tester and crosses showed  higher significant 

values. This indicated the presence of genetic variability and wide scope of 

improvement in yield, yield related and quality parameters in the tested genotypes 

 Genetic Components 

Estimatation  of diffferent genetic components have been shown in table 3.10. Variance 

of S.C.A (σ2SCA) was greater than that of variance of G.C.A  ability (σ2GCA) all yield 

related and all the quality related traits. Magnitudes of σ2SCA and σ2D were higher than 

their corresponding σ2GCA and additive σ2A components for all the characters except 

fruit firmness. Similarly, the comparative ratios (σ2GCA/σ2SCA) were less than one 

(<1) for all characters and ratio (σ2A/σ2D) is less the one for all the characters expect 
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fruit firmness. While comparative ratio of (σ2A/σ2D) was greater than one (>1) for fruit 

firmness on account of higher value of σ2GCA than σ2SCA and σ2A than σ2D. Values 

of σ2g were considerably low compared to those of σ2p.  [h2(b.s)] and high G.A was 

recorded for numbers of clusters / plant, F .W,  F . L, fruit firmness, carotenoids, 

lycopene and protein contents. High heritability in broad sense [h2(b.s)] with moderate 

genetic advance was observed for fruit width and plant height.  [h2(b.s)] with low G.A 

was noted  for D.T.M and vitamin C contents.  Moderate heritability in broad sense 

[h2(b.s)] with moderate genetic advance was observed for number of flower per cluster, 

while moderate  [h2(b.s)] with high G.A was noted  for numbers of fruits / cluster.  

In total variance lines have less contribution as compared to tester for f . w, f. 

wd, fruit length, fruit yield, plant height, carotenoids, lycopene contents and protein 

contents which were 17.22%, 25.5%, 20.07%, 28.74%, 21.59%, 15.80%, 14.76% and 

25.02% respectively. While, in total variance lines have  greater contribution as 

compared to that of tester for numbers of clusters / plant (39.5), days to maturity 

(22.25), numbers of flowers / cluster (29.9), numbers of fruits / clusters (24.18), fruit 

firmness (38.08) and vitamin c contents (28.59). Line × tester contribution to the total 

variance was greater than lines and tester in case of days to maturity (65.52%), numbers 

of flowers / cluster (64.3%), numbers of fruits / cluster (70.64%), f . l (52.7 %), fruit 

yield (53.31%), plant height (55.70%), vitamin C (63.43%) and protein contents (48.67 

%). 
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Table 3.7 Pedigree of the hybrids and codes given to the different hybrids and 

parents genotypes 

No. Hybrid Pedigree No. Hybrid Pedigree 

1 NBH-288 H-24x V48 19 NBH-306 H-24x 21354 

2 NBH-289 Lyp-1x V48 20 NBH-307 Lyp-1x 21354 

3 NBH-290 LA4097x V48 21 NBH-308 LA4097x 21354 

4 NBH-291 LA4141x V48 22 NBH-309 LA4141x 21354 

5 NBH-292 Vendor x V48 23 NBH-310 Vendor x 21354 

6 NBH-293 B-L-35 x V48 24 NBH-311 B-L-35x 21354 

7 NBH-294 H-24 x WV-63 25 T-1359 F1 T-1359 F1(control)S 

8 NBH-295 Lyp-1x WV-63 26                       Lines 

9 NBH-296 LA4097x WV-63 27 NB-264 H-24 

10 NBH-297 LA4141x WV-63 28 NB-265 Lyp-1 

11 NBH-298 Vendor x WV-63 29 NB-373 LA4097 

12 NBH-299 B-L-35x WV-63 30 NB-377 LA4141 

13 NBH-300 H-24x LA4157 31 NB-294 Vendor 

14 NBH-301 Lyp-1x LA4157 32 NB-299 B-L-35 

15 NBH-302 LA4097x LA4157                      Testers 

16 NBH-303 LA4141x LA4157 33 NB-55 V48 

17 NBH-304 Vendor x LA4157 34 NB-401 WV-63 

18 NBH-305 B-L-35x LA4157 35 NB-393 LA4157 

T1359 was used as control and not used in 

Hybridization  

36 NB-398 21354 
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Table 3.8 Mean performance of tomato hybrids 

 

Hybrids  No.C/P DTM No.F/C No.Fr./C F.W(g) F. Wid 

(mm) 

F.L 

(mm) 

Fr.F 

(kg/f) 

P.H. 

(cm) 

Cartenoid 

(mg/g 

f.wt) 

Vitamin 

C. 

(ug/g. 

f.wt) 

Lycopene. 

( mg/g 

f.wt) 

Protien. 

(mg/g 

f. wt) 

Fr.Y 

(kg/pl) 

H-24x V48 73.7 161.0 5.0 5.0 49.0 41.5 57.1 3.4 71.7 3.6 3636.3 0.7 217.3 3.2 

Lyp-1x V48 49.0 162.3 8.0 6.0 39.0 40.6 44.7 4.6 71.0 3.4 3650.7 0.6 202.1 2.8 

LA4097x V48 41.0 157.0 7.7 5.7 37.4 40.6 44.7 4.4 75.6 7.2 3680.1 1.9 302.7 2.9 

LA4141x V48 68.0 154.0 6.7 4.7 35.0 40.3 44.3 4.6 54.0 5.7 3659.7 2.1 316.3 1.5 

Vendor x V48 95.3 155.7 9.0 5.0 58.3 45.1 47.6 5.4 76.9 7.0 3575.0 2.9 315.1 3.8 

B-L-35 x V48 71.3 162.3 7.0 5.0 40.0 36.4 58.2 4.1 74.3 11.4 3578.9 2.8 265.3 3.3 

H-24 x WV-63 88.7 158.3 5.3 3.3 51.4 39.5 48.1 5.3 77.5 11.5 3608.3 4.3 245.2 3.1 

Lyp-1x WV-63 70.0 160.7 7.7 5.7 49.6 39.5 48.3 4.1 71.5 12.3 3506.0 5.0 244.0 2.8 

LA4097x WV-63 72.3 160.0 6.7 4.7 70.1 39.9 47.4 5.5 67.3 14.0 3657.3 5.8 281.8 2.7 

LA4141x WV-63 87.7 164.3 6.7 4.7 64.0 39.7 53.3 6.0 84.2 14.0 3834.4 5.2 272.0 2.7 

Vendor x WV-63 70.0 159.3 6.7 4.7 50.4 40.0 50.0 5.3 78.2 10.6 3666.7 4.8 242.7 3.1 

B-L-35x WV-63 90.3 159.3 7.7 5.7 67.3 41.5 54.8 4.2 72.2 10.5 3491.3 4.1 292.0 2.3 

H-24x LA4157 66.0 161.7 7.7 5.7 33.0 37.0 43.2 4.8 67.4 10.5 3498.7 4.1 232.3 2.1 

Lyp-1x LA4157 71.0 151.0 8.0 7.0 41.5 37.0 42.2 3.8 69.5 9.0 4131.4 4.0 237.9 3.3 

LA4097x LA4157 45.0 161.0 6.7 4.7 46.1 37.5 41.0 5.2 72.9 6.4 3514.2 2.2 160.4 2.1 

LA4141x LA4157 53.3 153.3 6.3 4.3 30.0 36.7 49.3 4.3 66.9 12.3 3309.3 5.3 244.1 2.7 

Vendor x LA4157 94.3 158.0 6.3 4.3 49.6 38.1 42.4 4.0 66.8 9.7 3642.0 3.7 235.7 1.5 

B-L-35x LA4157 79.7 161.7 6.7 4.7 52.9 36.7 48.6 5.4 77.1 19.4 3482.0 8.8 241.3 2.9 

H-24x 21354 92.7 158.3 6.7 4.7 48.4 41.3 43.9 4.7 76.9 14.9 3680.3 6.3 235.3 2.4 

Lyp-1x 21354 80.0 161.3 6.7 4.7 47.3 41.8 52.3 5.4 73.5 17.0 3726.3 7.1 211.7 2.1 

LA4097x 21354 74.3 159.0 8.3 6.3 36.5 40.5 41.6 4.4 65.5 13.9 3538.6 4.8 217.0 2.4 

LA4141x 21354 85.7 161.0 7.7 5.7 30.9 37.5 39.4 3.9 71.7 22.0 3512.2 11.4 268.1 2.4 

Vendor x 21354 89.0 157.7 8.0 6.0 52.5 41.6 53.4 5.3 77.5 14.3 3542.7 6.0 228.3 2.7 

B-L-35x 21354 78.0 168.0 5.7 4.0 36.6 35.9 44.1 3.5 59.0 18.3 3544.3 8.2 257.5 2.2 

T1359(Check)  92.0 160.3 7.3 3.7 55.6 43.5 44.7 5.1 65.1 16.1 3433.3 9.4 254.2 3.2 

LSD 5% 2.6 3.82 1.3 1.2 1.9 1.9 3.8 0.20 2.1 2.0 35.5 1.4 3.6 0.4 

C.V % 2.12 1.46 6.85 8.31 2.56 2.86 4.80 2.67 1.84 4.53 0.60 2.81 0.89 8.77 
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Table 3.9 Analysis of variance 

*, ** = Significant at 0.05 and 0.01 levels of probability, respectively 

SOV d.f No.C/P DTM No.F/C No.Fr./C F.W(g) F. Wid 

(mm) 

F.L 

(mm) 

Fr.F 

(kg/f) 

P.H. 

(cm) 

Cartenoid 

(mg/g f.wt) 

Vitamin C. 

(ug/g. 

f.wt) 

Lycopene. 

( mg/g f.wt) 

Protien. 

(mg/g 

f. wt) 

Fr.Y 

(kg/pl) 

Replication 2 12.93 2.43 0.85 1.13 2.99 0.04 5.96 0.00 5.60 1.28 239.57 1.59 12.88 0.02 

Genotypes  23 712.13 

** 

39.49 

** 

2.78 

** 

2.01 

** 

367.30 

** 

15.37 

** 

82.00 

** 

1.49 

** 

127.56 

** 

64.99 

** 

69898.95 

** 

19.32 

** 

4010.96 

** 

0.92 

** 

Line 5 1292.15 

** 

40.41 

** 

3.83 

** 

2.23 

** 

290.85 

** 

18.01 

** 

75.69 

** 

2.62 

** 

126.70 

** 

47.24 

** 

91956.30 

** 

13.12 

** 

4615.65 

** 

0.76 

** 

Tester 3 1264.05 

** 

37.05 

** 

1.24 

** 

0.80 

** 

1296.53 

** 

44.11 

** 

170.99 

** 

4.10 

** 

222.09 

** 

310.02 

** 

42726.03 

** 

89.94 

** 

8092.11 

** 

2.02 

** 

Crosses 15 408.41 

** 

39.67 

** 

2.74 

** 

2.17 

** 

206.93 

** 

8.74 

** 

66.30 

** 

0.60 

** 

108.95 

** 

21.90 

** 

67981.08 

** 

7.26 

** 

2993.17 

** 

0.75 

** 

Error 46 3.06 6.71 0.53 0.46 1.76 1.28 1.76 0.01 2.13 1.01 349.66 0.66 6.87 0.07 
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Table 3.10 Estimation of Genetic Components   

*, ** = Significant at 0.05 and 0.01 levels of probability, respectively

Genetic 

components 

No.C/P DTM No.F/C No.Fr.

/C 

F.W(g) F. Wid 

(mm) 

F.L 

(mm) 

Fr.F 

(kg/f) 

P.H. 

(cm) 

Carten

oid 

(mg/g 

f.wt) 

Vitamin C. 

(ug/g. 

f.wt) 

Lycopene

. 

( mg/g 

f.wt) 

Protien. 

(mg/g 

f. wt) 

Fr.Y 

(kg/pl) 

σ2GCA 912.26 0.65 1.04 0.01 120.24 10.4 12.88 2.13 21.53 34.94 23133.38 8.62 1792.45 0.05 

σ2SCA 1995.1 95.5 5.60 3.84 1007.7 24.0 304.49 2.77 512.08 93.97 334543.9 26.12 14860.47 2.71 

σ2GCA/σ2SCA 0.46 0.01 0.2 0.003 0.12 0.4 0.04 0.77 0.04 0.37 0.07 0.33 0.12 0.02 

σ2A 1824.5 1.31 2.1 0.03 240.48 20.9 25.76 4.27 43.05 68.88 46266.76 17.23 3584.89 0.1 

σ2D 1995.1 95.54 5.6 3.84 1007.7 24.0 304.49 2.77 512.08 93.97 334543.9 26.12 14860.5 2.71 

σ2A/σ2D 0.914 0.014 0.4 0.01 0.24 0.9 0.085 1.54 0.08 0.74 0.14 0.66 0.24 0.04 

σ2g 236.36 10.93 0.75 0.52 121.84 4.69 26.74 0.49 41.81 21.33 23183.09 6.22 1334.70 0.28 

σ2p 239.42 17.63 1.28 0.97 123.61 5.98 28.51 0.51 43.94 22.34 23532.76 6.88 1341.57 0.35 

σ2e 3.06 6.7 0.53 0.45 1.77 1.29 1.77 0.02 2.13 1.01 349.67 0.66 6.87 0.07 

h2(bs) 0.99** 0.62* 0.59* 0.53* 0.99** 0.79** 0.94** 0.97** 0.95** 0.95** 0.99** 0.90** 0.99** 0.81** 

S.E h2(bs) 0.01 0.10 0.23 0.061 0.02 0.27 0.06 0.09 0.04 0.08 0.01 0.24 0.01 0.47 

G.A (% of mean) 42.28 3.36 19.45 21.19 48.52 10.03 21.72 30.62 18.14 80.41 8.62 104.7 30.20 37.58 

Contribution in terms of percentage to total variance (lines, testers and crosses which represents LxT) 

Contribution of 

lines (%) 
39.5 22.25 29.9 24.18 17.22 25.5 20.07 38.08 21.59 15.80 28.59 14.76 25.02 17.95 

Contribution of 

testers (%) 
23.2 12.24 5.81 5.17 46.04 37.4 27.2 35.78 22.71 62.22 7.97 60.73 26.32 28.74 

Contribution of L x 

T (%) 
37.4 65.52 64.3 70.64 36.74 37.1 52.7 26.14 55.70 21.98 63.43 24.50 48.67 53.31 
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 Combining Abilities  

General Combining Ability 

General combining ability effects for parental genotypes  with different lines and testers 

were described  in table 3.11. 

Number of Clusters per Plants (NoCP) 

Significant GCA effect with positive value was noted  in numbers of clusters / plants 

for different female parental lines. Vendor have highest GCA effect of 12.74 followed 

by 5.82 of H-24. However, the lowest GCA effect for number of cluster per plants in 

lines was observed for LA4097 (-16.26). On the other hand, highest significant and 

positive GCA effect in case of male parents (testers) was observed for 21354 (8.85) and 

negative GCA effect for tester was observed for V-48(-8.04).  

Days to Maturity (DTM) 

Negative value of GCA for D.T.M effect was desirable for female parental lines Vendor 

(-1.76) was the desirable female parent according GCA effect present in table 3.11. 

However, GCA effect for male parents indicated the best male parent was LA4157(-

1.65) for developing the early maturity hybrids. 

Number of Flowers per Clusters (NoFlC) 

Estimate of GCA effects for number of clusters per plants indicated the presence of 

wide variation among the parental genotypes. Two lines namely as Lyp-1(0.56) and 

Vendor(0.48) were found desirable. However, no tester was found desirable for 

increasing number of cluster per plants. 

Number of Fruits per Clusters (NoFrC) 

Highly significant and positive GCA effect in term of numbers of fruit / clusters were 

shown by H-24 among lines with a value of 0.75. However, no tester was found best 

general combiner.  

3.3.4.6 Single Fruit Weight (SFW in g) 

Highly positive and significant GCA effects in case of females were observed for 

Vendor (6.18) followed by B-L-35 (2.99). In case of tester WV-63 had highly 

significant positive GCA effects. According to the results these lines and a tester was 

considered as desirable parents to increase the fruit weight. 
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Fruit Width (F. Wid in mm) 

Highly significant positive GCA was shown by Vendor with a value of 1.77, among 

lines. However, among tester the desirable male better was V-48 with a value of 1.33.  

Fruit Length (FL in mm) 

Estimates of GCA effect elucidated 2 desirable lines viz via H-24 and B-L-35 with the 

value of 1.98 and 3.23 respectively. V-48(1.71) and WV-63(3.44) have desirable 

significant GCA effects among tester. 

Fruit Firmness (FrF in kg/f) 

Estimates general combining ability effects revealed that 2 female parents lines viz via, 

Vendor and LA4097 with the value of 0.35 and 0.31 respectively. However, in case of 

testers WV-63 with the value of 0.41 was found desirable male parent for fruit firness. 

Plant Height  (PH in cm) 

GCA effect in case of plant height revealed significant positive effect for H-24 and 

Vendor with the values of 1.75 and 3.25 respectively. However, in case of tester WV-

63 have 3.51 highly significant GCA effect which made this tester as a desirable parent. 

Carotenoids (Car in mg/g f.wt) 

In case of carotenoids analysis for estimation of GCA effects revealed that B-L-35 

(3.32) was the desirable female parent and 21354 was the desirable male parent with 

the value of 4.94. 

Vitamin C (ug/g f.wt)  

Significant which is highly and positive GCA effect was possessed by the Lyp-1 with 

a value of 143.71. In case of tester the GCA effect analysis elucidated 2 best combiner 

testers V-48 and WV-63 with the value of 18.99 and 16.23 respectively. 

Lycopene (Lyco mg/g f.wt) 

Estimation for the analysis of G.C.A  elucidated 2 desirable female parental lines 

LA4141 and B-L-35 with the values of 1.32 and 1.31 respectively. However, best 

general combiner for male parents in case of lycopene was 21354 with a highly 

significant value of 2.64. 
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Protein (mg/g f.wt) 

Significant with higher positive value  general combining effects was note in case of 

proteins for female lines 3 lines, LA4141, Vendor and B-L-35 with the values of 26.55, 

6.85 and 15.44 respectively, were found best general combiners. In case of testers V-

48 and WV-63 both had positive and significant GCA effect which made both these 

parents were superior and good gerenal combiner.  

Yield per Plant (FYP in kg) 

G.C.A effects analysis  revealed that Vendor with a value of 0.18 was the best female 

general combiner in case of yield per plant. However, V-48 was found the best male 

general combiner with the value of 0.33 in case of yield per plant. 

Specific Combining Ability: 

Estimation of S.C. A of various parental genetic material for various yield and quality 

attributes were showed in table 3.12 and described in different sections. 

Number of Clusters per Plant (NoCP) 

Estimattion for specific combining ability analysis  exposed the incidence of significant 

positive and negative combining ability. Maximum of eleven hybrids viz. Vendor × 

V48, LA4097 × WV-63, LA4141 × WV-63, B-L-35 × WV-63, Lyp-1 × LA4157, 

Vendor × LA4157, B-L-35 × LA4157, H-24 × 21354, Lyp-1 × 21354, LA4097 × 21354 

and LA4141 × 21354 had significant and positive value for specific combining ability 

ranging from 3.15 to 16.21. So, in order to increase cluster per plant through hybrid 

breeding these hybrids might be used as genetic resource. 

Days to Maturity(DTM) 

In case of  DTM  negative and significant combining ability is looked-for for 

developing early maturity hybrids. The analysis revealed that Lyp-1 x V48 and LA4141 

× WV-63 were the desirable crosses to develop the early maturating hybrids with the 

value of -6.18 and -4.20 respectively.  

Number of Flowers per Cluster (NoFlC) 

For number of flowers / cluster only one cross resulting in hybrid Vendor × V48(1.31) 

were found desirable in order to have greater numbers of flowers / clusters. 
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Number of Fruits per Cluster (NoFrC) 

Analysis for the estimation S. C. A in for numbers of fruits /  cluster revealed that only 

two crosses viz, B-L-35 × WV-63 and Lyp-1  ×  LA4157 with the value of 1.14 SCA 

effect were found desirable crosses.  

Single Fruit Weight (SFW in g) 

Ten hybrids Viz, H-24 × V48, Vendor × V48, LA4097 × WV-63, LA4141 × WV-63, 

B-L-35 × WV-63, LA4097 × LA4157, B-L-35 × LA4157, H-24 × 21354, Lyp-1 × 

21354 and Lyp-1  ×  LA4157 had highly significant positive SCA values. These crosses 

were found desirable for the single fruit weight. This hybrid will proved helpful for 

increasing the fruit weight in the upcomming hybrid breeding program. 

Fruit Width (F. Wid in mm) 

The highest value for significantly +  S.C.A effects were noted for two hybrids viz, 

Vendor × V48 and B-L-35 × WV-63 with the value of 2.60 and 3.28 SCA effects. These 

hybrids can be used for future heterosis breeding for increasing the width of the fruit. 

Fruit Length (FL in mm): 

Five hybrids viz, H-24 × V48(5.88), B-L-35 × V48(5.63), LA4141 × LA4157(6.43), 

Lyp-1 × 21354(7.37) and Vendor × 21354(7.33) had highest positive significant. This 

useful  S.C.A  will be used in order to get hybrid  with increased fruit length.   

Fruit Firmness (FrF in kg/f) 

Highly significant positive values for S.C.A was noted by 10 hybrids (f1,s) for fruit 

firmness. Between these hybrids Lyp-1 × V48, Vendor × V48, H-24 × WV-63, LA4141 

× WV-63, H-24 × LA4157, LA4097 × LA4157, B-L-35 × LA4157, H-24 × 21354 Lyp-

1 × 21354 and Vendor × 21354 were desirable hybrids having SCA of 

0.31,0.59,0.35,0.91,0.30,0.33,1.19,0.31,1.04 and 0.43respectively. These hybrids were 

the most favourable and could be used in order to improve fruit firmness for heterosis 

breeding program.   

Plant Height (PH in cm) 

Ten hybrids Viz, LA4097 × V48, Vendor × V48, B-L-35 x V48, LA4141 × WV-63, 

LA4097 × LA4157, B-L-35 × LA4157, H-24 × 21354, Lyp-1 × 21354, LA4141 × 

21354 and Vendor × 21354 had significant and positive SCA effects with the value of 
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6.32, 3.07, 4.73, 11.49, 4.09, 7.91, 4.43, 2.96, 3.46 and 3.67 respectively. Hence these 

hybrids can be used in future hybrid breeding for developing plant with increased 

height. 

Carotenoids (Car in mg/g f.wt) 

Hybrids like LA4097 × V48, Vendor × V48, LA4097 × WV-63, B-L-35 × LA4157 and 

LA4141 × 21354 have highly significant and desirable positive SCA effects of 2.04, 

1.75, 3.00, 4.83 and 2.48 respectively for carotenoids contents. So, these hybrids could 

be provided helpful for increasing the  carotenoids contents in the hybrids/cultivars for 

future breeding program aiming to improve qaulity attributes. 

Vitamin C (ug/g f.wt) 

Analysis for SCA effects of hybrids for vitamin C contents lead to the identification of 

10 desirable hybrids viz, LA4097 × V48, LA4141 × V48, B-L-35 × V48, LA4097 × 

WV-63, LA4141 × WV-63, Vendor × WV-63, Lyp-1 X LA4157, Vendor × LA4157 

H-24 × 21354 and B-L-35 × 21354 with 63.77, 61.96, 35.96, 43.75, 239.50, 44.06, 

395.73, 49.65, 95.00 and 40.78 respectively.  

Lycopene (Lyco mg/g f.wt) 

S.C.A analysis showed that high significant and positive value of SCA effect were 

showed by LA4097 × WV-63 (1.90), B-L-35 × LA4157(2.78) and LA4141 × 

21354(2.74) as desirable hybrids for increasing lycopene content in future heterosis 

breeding program. 

Proteins (mg/g f.wt) 

Eleven hybrids viz, LA4097 × V48, LA4141 × V48, Vendor × V48, Lyp-1 × WV-63, 

LA4097 × WV-63, B-L-35 × WV-63, H-24 × LA4157, Lyp-1 × LA4157, H-24 × 

21354, LA4141 × 21354 and B-L-35 × 21354 had desirable positive and highly 

significant SCA effect. These hybrids were found attractive to increase the proteins 

contents in the any heterosis breeding program. 

Fruit yield per plant (FYP in kg) 

Analysis for the estimation of specific combining ability revealed the presence of four 

desirable hybrids. Vendor × V48, Lyp-1 × LA4157, LA4141 × LA4157 and B-L-35 × 

LA4157 with 0.75, 0.73, 0.54 and 0.46 value of SCA effect respectively were elucidated 
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as best hybrids to be used in a hybrid breeding program to increase the yield of the 

plant. 
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Table 3.11 General combining ability of the lines and testers  

*, ** = Significant at 0.05 and 0.01 levels of probability, respectively

Parents  No.C/P DTM No.F/C No.Fr./C F.W(g) F. Wid 

(mm) 

F.L 

(mm) 

Fr.F 

(kg/f) 

P.H. 

(cm) 

Carotenoid. 

(mg/g f.wt) 

Vitamin 

C. 

(ug/g. 

f.wt) 

Lycopene 

(mg/g 

f.wt) 

Protien 

(mg/g 

f. wt) 

Fr.Y 

(kg/pl) 

Lines               

H-24 5.82** 0.40 -0.86** -0.42* -1.07** 0.39 1.98** -0.10* 1.75** -1.45** -5.20 -0.79** -16.07** 0.08 

Lyp-1 -6.93** -0.60 0.56** 0.75** -2.17** 0.32 -0.55 -0.28** -0.22 -1.12** 143.71** -0.51* -24.67** 0.11 

LA4097 -16.26** -0.18 0.31 0.25 0.98* 0.20 -3.77** 0.31** -1.26** -1.19** -13.56* -1.00** -8.11** -0.08 

LA4141 -0.76 -1.26 -0.19 -0.25 -6.57** -0.85* -1.51** 0.05 -2.6** 1.60** -32.20** 1.32** 26.55** -0.30** 

Vendor 12.74** -1.76* 0.48** -0.08 6.18** 1.77** 0.62ns 0.35** 3.25** -1.16** -4.54 -0.33 6.85** 0.18* 

B-L-35 5.40** 3.40** -0.27 -0.25 2.92** -1.83** 3.23** -0.35** -0.93* 3.32** -88.2** 1.31** 15.44** 0.06 

S. E of lines 0.51 0.75 0.21 0.20 0.38 0.33 0.38 0.04 0.42 0.29 5.40 0.24 0.76 0.08 

Testers               

V48 -8.04 -0.71 0.19 0.14 -3.42 1.33** 1.71** -0.19 -1.04 -5.18** 18.99** -2.83** 21.21** 0.33** 

WV-63 5.40** 0.90 -0.25 -0.31 12.27** 0.59 3.44** 0.41** 3.51** 0.59 16.23** 0.19ns 14.35** 0.16 

LA4157 -6.21 -1.65** -0.08 0.03 -4.36 -2.26 -3.09 -0.05 -1.63 -0.34 -14.03** 0.00ns -23.28** -0.20 

21354 8.85** 1.46 0.15 0.14 -4.31 0.34 -2.06 -0.17 -0.83 4.94* -21.91** 2.64** -12.28** -0.25 

S. E of 

tester 

0.41 0.61 0.17 0.16 0.31 0.27 0.31 0.03 0.34 0.24 4.41 0.19 0.62 0.06 
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Table 3.12 Estimation of specific combining ability of hybrids 

*, ** = Significant at 0.05 and 0.01 levels of probability, respectively

Hybrids  No.C/P DTM No.F/C No.Fr./C F.W(g) F.Wid 

(mm) 

F.L 

(mm) 

Fr.F 

(kg/f) 

P.H. 

(cm) 

Carotenoid. 

(mg/g f.wt) 

Vitamin 

C. 

(ug/g. 

f.wt) 

Lycopene 

( mg/g 

f.wt) 

Protien 

(mg/g 

f. wt) 

Fr.Y 

(kg/pl) 

H-24x V48 1.46 1.87 -1.36** 0.19 7.00** 0.38 5.88** -0.96** -0.64 -1.31 11.63 -0.35 -36.40** 0.19 

Lyp-1x V48 -10.46** 4.21** 0.22 0.03 -1.90ns -0.48 -3.96** 0.31** 0.68 -1.87** -122.95** -0.76 -43.06** -0.27 

LA4097x V48 -9.12** -1.54 0.14 0.19 -6.69** -0.39 -1.24 -0.03 6.32** 2.04** 63.77** 1.08 40.97** 0.06 

LA4141x V48 2.38 -3.46 -0.36 -0.31 -1.50ns 0.42 -2.77** 0.10 -14.16** -2.26** 61.96** -1.03 19.94** -1.09** 

Vendor x V48 16.21** -1.29 1.31** -0.14 9.09** 2.60** -3.53** 0.59** 3.07** 1.75** -50.37** 1.4 38.46** 0.75** 

B-L-35 x V48 -0.46 0.21 0.05 0.03 -5.99** -2.53** 5.63** -0.01 4.73** 1.65 35.96** -0.34 -19.91** 0.36 

H-24 x WV-63 3.01 -2.40 -0.58** -1.03 -6.25** -0.91 1.51 0.35** 0.62 0.78 -13.61 0.27 -1.68 0.29 

Lyp-1x WV-63 -2.90 0.93 0.33 0.14 -6.97** -0.81 -2.04 -0.75** -3.41** 1.31 -264.86** 0.63 5.72** -0.12 

LA4097x WV-63 8.76** -0.15 -0.42 -0.36 10.35** -0.31 0.23 0.14 -6.54** 3.00** 43.75** 1.90** 26.95** 0.03 

LA4141x WV-63 8.60** 5.26** 0.08 0.14 11.81** 0.54 0.90 0.91** 11.49** 0.27 239.50** -1.00 -17.47** 0.19 

Vendor x WV-63 -22.57** 0.76 -0.58 -0.03 -14.54** -1.79 -1.20 -0.10 -0.17 -0.35 44.06** 0.24 -27.13** 0.17 

B-L-35x WV-63 5.10** -4.40** 1.16 1.14** 5.60** 3.28** 0.60 -0.54** -1.99 -5.01** -48.83** -2.04** 13.61** -0.56** 

H-24x LA4157 -8.04** 3.49 1.58 0.97 -8.05** -0.59 -4.83** 0.30** -4.41** 0.69 -93.02** 0.26 23.06** -0.40 

Lyp-1x LA4157 9.71** -6.18** 0.50 1.14** 1.55ns -0.46 -1.37 -0.60** -0.24 -1.10 395.73** -0.19 37.28** 0.73** 

LA4097x LA4157 -6.96** 3.40 -0.58 -0.69 2.96** 0.14 1.39 0.33** 4.09** -3.60** -69.10** -1.49** -56.75** -0.24 

LA4141x LA4157 -14.13** -3.18 -0.42 -0.53 -5.60** 0.42 6.43** -0.31** -0.78 -0.49 -255.35** -0.72 -7.71** 0.54** 

Vendor x LA4157 13.38** 1.99 -1.08 -0.69 1.32ns -0.84 -2.61** -0.91** -6.57** -0.33 49.65** -0.64 3.54 -1.09** 

B-L-35x LA4157 6.04** 0.49 -0.01 -0.19 7.82** 1.33 0.99 1.19** 7.91** 4.83** -27.91 2.78** 0.58 0.46** 

H-24x 21354 3.57** -2.96 0.36 -0.14 7.31** 1.11 -2.56** 0.31** 4.43** -0.16 95.00** -0.17 15.02** -0.08 

Lyp-1x 21354 3.65** 1.04 -1.06 -1.31** 7.32** 1.74 7.37** 1.04** 2.96** 1.67 -7.92 0.32 0.06 -0.35 

LA4097x 21354 7.32** -1.71 0.86 0.86 -6.62** 0.57 -0.37 -0.43** -3.86** -1.44 -38.42** -1.49** -11.17** 0.15 

LA4141x 21354 3.15** 1.38 0.69 0.69 -4.71** -1.38 -4.57** -0.70** 3.46** 2.48** -46.11** 2.74** 5.24** 0.36 

Vendor x 21354 -7.01** -1.46 0.36 0.86 4.13** 0.03 7.33** 0.43** 3.67** -1.07 -43.33** -1.00 -14.87** 0.17 

B-L-35x 21354 -10.68** 3.71 -1.20 -0.97 -7.43** -2.07** -7.21** -0.64** -10.65** -1.47 40.78** -0.40 5.72** -0.26 

S.E for hybrids 1.01 1.50 0.42 0.39 0.77 0.65 0.77 0.07 0.84 0.58 10.80 0.47 1.51 0.15 
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 Heterosis (%)  

In this study the different types of heterosis were estimated as a percentage increase or 

decrease of F1,s over high or better parent (heterobeltiosis), standard variety 

(standard/commercial heterosis) and mid-parent (relative heterosis) for different yield 

and fruit quality parameters.  Results of different characters pertaining to the heterosis 

were presented in tables 3-13, 3-14, 3-15 respectively. 

Number of Clusters per Plant (NoCP) 

Range of better-parent (table 3.13) heterosis was from 43.6% (Vendor × V48) to -29.5% 

(LA4097 × V48). While, values for mid-parent heterosis (table 3.14) were compartively 

highly positive value and  negatve  value is low. The range varies 64.6% (Vendor × 

V48) to -25.8% (LA4141 × LA4157) as indicated in table 3.14. F1 hybrid LA4097 × 

V48 had least value whereas, Vendor × V48 had the maximum value of heterosis for 

better-parent(3.13) and commercial heterosis (table 3.15). Out of 24 indegiously 

produced hybrids in this studies , 15 hybrids  had significant positive, 5 hybrids had 

significant negative and 4 hybrids had non-significant heterosis for estimates of better-

parent heterosis. While, heterosis calcutation of  mid-parent revaled 11  significantly 

positive F1 hybrids, 6 F1 s significantly negative and 7 6 F1 s possesed non-significant 

values.  For standared / commercial heterosis, eighteen 6 F1 s  showed highly significant 

negative heterosis and six 6 F1 s possesed statistically non-significant heterosis. In case 

of numbers of clusters / plant 2 6 F1 s Vendor × V48 and Vendor × LA4157 were 

elucidated as best hybrids while taking in account the values for b. p, m. p and c. h. 

Days to Maturity (DTM) 

In case of D.T.M  ususally negative values of  heterosis is vital in order to develop 

hybrid/cultivar with early matruting trait. Better or high-parent heterosis for D.T.M  had 

a range from -4.3%  between 4.8%. The hybrids, Vendor × V48 had highest negative 

whereas, B-L-35 × 21354 had maximum positive heterosis. In addition to Vendor × 

V48, nine hybrids viz. H-24 × V48, LA4097 × V48, LA4141 × V48, Vendor × V48, 

H-24 × WV-63, LA4141 × LA4157, H-24 × 21354, Vendor × 21354 and B-L-35 × 

21354 had significant wanted mid-parent heterosis. Seven F1 s expressed positive 

values which is not considerd good and three F1 s possesed non-significant - heterosis 

mean values for the above mention parameter (D.T.M.). The range for commercial 

heterosis was from -5.8 to 4.8. Lyp-1 × LA4157 showed lowest required significant 
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heterosis. LA4141 × V48 and LA4141 × LA4157 were found desirable hybrids based 

on estimation of better or high-parent and standard heterosis.  While mid-parent  

(Vendor × V48 with LA4141 × V48) heterosis showed highly significant negative 

heterosis. 

Number of Flowers per Cluster (NoFlC) 

Maximum values of heterobeltiosis (22.7%) and commercial heterosis (24.6%) were 

shown by the same hybrid Vendor × V48. While H-24 × V48 showed lowest negative 

heterosis of -18.9 and -31.8 over better or high-parent and standard check hybrid T-

1359. Vendor × LA4157 indicated minimum relative heterosis of -29.6 for the number 

of flowers. Twenty hybrids had non-significant and four hybrids showed significant 

positive, better or high-parent heterosis estimates. For mid-parent (table 3.14) heterosis 

only 1 hybrid had significant positive, 5 had significant negative and 18 hybrids had 

non-significant values. In case of commercial(table 3.15) heterosis 3 hybrids possessed 

significant negative and 19 hybrids possessed non-significant values. Hybrid Vendor × 

V48 was elucidated as top ranked hybrid for the number of flowers per clusters 

considering all three  types of heterosis becuase of desirable positive values.  

Number of Fruits per Cluster (NoFrC) 

Manifestation of heterosis effects for number of fruits per cluster was variable. The 

range of better or high-parent (table 3.13), mid-parent (table 3.14) and commercial 

heterosis (table 3.15) were from -28.6% (H-24 × WV-63) to 32.6% (LA4097 × 21354), 

-38.1% (Vendor × LA4157) to 38.5% (Lyp-1 × V48) and -9.1% (H-24 × WV-63) to 

90.9% (Lyp-1× LA4157), respectively among 24 hybrids. H-24 × WV-63 showed 

minimum heterosis over high-parent and commercial check Varity. While the highest 

value was indicated by LA4097 × 21354 (32.6%), Lyp-1 × V48 (38.5%) and Lyp-1 × 

LA4157 (90.9%) for better or high-parent, mid-parent and standard or commerical 

heterosis respectively. For better parent (heterobeltiosis) estimates, 9 hybrids revealed 

non-significant positive and 12 hybrids indicated non-significant negative 

heterobeltiosis. For mid-parent heterosis 5 hybrids had significant positive, 6 significant 

negative and 13 showed non-significant mid-parent heterosis. In case of commercial 

heterosis 23 hybrids expressed non-significant positive and 1 hybrid indicated non-

significant negative heterosis for number of fruits per cluster.  
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Single Fruit Weight (SFW in g) 

Minimum heterosis over better-parent, mid-parent and standard check was expressed 

by hybrid LA4141 × LA4157, it was -25.0%, -44.5% and -46.1%, respectively for the 

fruit weight. While, LA4141 × WV-63 (60.1%), Lyp-1 × 21354 (93.6%) and LA4097 

× WV-63 (26.0%) showed significant maximum better- parent (table 3.13), mid-parent 

heterosis (table 3.14) and commercial heterosis (table 3.15), respectively. Thirteen 

hybrids possessed significant positive, seven had significant negative and three hybrids 

had non-significant better or high parent heterosis (table 3.13). In case of mid-parent 

(table 3.14) heterosis 12 hybrids indicated significant positive, 9 significant negative 

and 3 hybrids had non-significant value. In case of commercial heterosis (3.15) 4 

hybrids showed significant positive heterosis while 20 hybrids indicated significant 

negative value for fruit weight.  

Fruit Width (F. Wid in mm) 

Estimation of better parent , mid-parent and commercial heterosis in case of fruit 

diameter or width revealeed the presence of heterosis in both negative and posstive 

values of distinct magnitude. The range for,  better or high parent heterosis, mid 

heterosis and commercial heterosis was from -4.6% to 10.7%, -17.6% to 25.2% and -

17.5% to 3.8%, respectively. Vendor × V48 had highest value for  better or high-parent 

heterosis (10.7) and commercial heterosis (3.8) for fruit width. While, for mid parent 

heterosis Lyp-1 × 21354 possessed highest value that was 25.2. However, for 

estimation of mid-parent heterosis 8 hybrids revealed significant postive and 11 hybrids 

had non-significant values. While, in case of estimation of heterosis over high parent 

indicated that 3 hybrids had significant positive and the reamining 21 had non-

significant values. Estimate of commercial heterosis showed that 23 hybrids indicated 

significant negative and 1 had non-significant positive average value.  

Fruit Length (FL in mm) 

Range of better-parent heterosis or heterobeltiosis for fruit length was -14.0% to 18.7%. 

While, range for mid- parent and commerical heterosis was -23.0% to 27.6%  and -

11.9% to 30.4% respectively. Hybrid, LA4141 × 21354 revealed minimum high and 

commercial heterosis while LA4141 × V48 had lowest mid-parent heterosis. Maximum 

values for heterobeltiosis, mid parent heterosis and commerical heterosis estimation 

was possessed by three hybrids H-24 × V48, Vendor × 21354 and B-L-35 × V48 
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respectively. In case of heterobeltiosis 8 hybrids showed significant positive, 2 hybrids 

had significant negative and 14 indicated non-significant values in case of fruit length. 

In case of estimation of mid parent heterosis 3 hybrids indicated significant positive, 12 

hybrids had significant negative and nine hybrids possessed non-significant heterosis. 

Five hybrids had significant negative, twelve significant positive and seven hybrids had 

non-significant commercial heterosis. Keeping in view the estimates of high, mid-

parent and standard heterosis, two hybrids viz. B-L-35 × V48 and H-24 × V48 were 

scored as promising hybrids for increased fruit length.  

Fruit Firmness (FrF in kg/f) 

In case of fruit firmness ranges for high-parent, mid parent and commerical heterosis 

were -23.0 to 27.7%,  -26.6 to 44.0% and -33.3 to 17.6 among all hybrids . Estimation 

of better parent heterosis elucidated 10 hybrids as best for the said trait. While, ten 

hybrids can be screened as best for mid-parent heterosis depending on the values of the 

heterosis. However, hybrid H-24 × V48 displayed minimum value of high, mid and 

commercial heterosis. While LA4141 ×WV-63 showed maximum high, mid-parent and 

commercial heterosis.  The best desirable hybrid for fruit firmness was LA4141 × WV-

63 considering the three different types of heterosis. 

Plant Height (PH in cm) 

The range of better or high-parent heterosis for plant height was -22.0 to 21.7%, mid-

parent heterosis was -39.9 to 29.1% and that of commercial heterosis was -17.1 to 

29.3%. Minimum values for better or high-parent, mid-parent and commercial heterosis 

were expressed by LA4141 × V48. While, LA4141 × WV-63, B-L-35 × LA4157 and 

B-L-35 × 21354 showed maximum high-parent, mid-parent and commercial heterosis, 

respectively. Eleven hybrids indicated significant positive heterobeltiosis, thirteen 

hybrids out of twenty-four displayed significant positive mid-parent heterosis while 

seventeen hybrids showed significant positive commercial heterosis.  

Carotenoid (Car in mg/g f.wt) 

Three hybrids Viz Via,  H-24 × V48 (-43.3%), Lyp-1 × V48 (-47.0%) and B-L-35 × 

WV-63 (-13.9%) had significant negative values for better parent heterosis in case of 

carotenoid. While, 15 hybrids indiccated significant positive values for better parent 

heterosis. The range for better parent heterosis was from -47.0% (Lyp-1 × V48) to 

203.4% (B-L-35 × LA4157). Estimatation of mid parent heterosis revelaed that one out 
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of twenty-four hybrids possessed positive heterosis. Among these hybrids , Lyp-1 × 

V48 had -83.3% while, LA4141 × 21354 (8) indicated significant positive mid-parent 

heterosis. In case of heterosis over standard commerical 18 hybrids showed significant 

negative value. Among these, three hybrids LA4141 × 21354 (27.7%), B-L-35 × 

LA4157 (20.1%) and B-L-35 × 21354 (13.8%) showed significant positive commercial 

heterosis. The range of commercial heterosis was from -79.0% (Lyp-1 × V48) to 27.7% 

(LA4141 × 21354). Among all these hybrids LA4141 × 21354 was the top most hybrid 

for carotenoid contents with a significant positive heterosis estimate. 

Vitamin C (ug/g f.wt) 

High and mid-parent heterosis ranged from -7.5 to 14.9% and -4.9 to 12.9% and 

commercial heterosis varied from -3.6 to 20.3%. LA4141 × LA4157 displayed the 

minimum high-parent and commercial heterosis while H-24 × LA4157 showed 

minimum mid-parent heterosis for Vitamin C. Considering the the values of estimation 

of  high, mid-parent and commercial heterosis bring about the identification of two 

hybrids having all threee type heterosis in a desirable direction. These hybrids were 

Lyp-1 × LA4157 and LA4141 × WV-63. Ten hybrids displayed significantly positive, 

ten hybrids significantly negative and four hybrids showed non-significant hybrid vigor 

over the better parent. In case of mid-parent, eight hybrids expressed significant 

positive, eleven significantly negative and five hybrids had non-significant mid-parent 

heterosis estimates. For commercial heterosis, one hybrid showed significantly 

negative and twenty-three hybrids had significantly positive commercial heterosis 

estimates. 

Lycopene (Lyco mg/g f.wt) 

Among hybrids, B-L-35 × LA4157 (376.8%), H-24 × LA4157 (58.0%) and LA4141 × 

21354 (21.5%) has the highest significant positive  values  of heterosis over high-parent 

mid-parent and commercial heterosis, respectively. Hybrid Lyp-1 × V48 had the lowest 

magnitude of significant negative heterosis over mid-parent (-94.5%) and standard 

variety T-1359 (-93.9%) for lycopene. Similarly, hybrid H-24 × V48 (-62.2) showed 

minimum non-significant negative high-parent heterosis. Eleven hybrids indicated 

significant positive and rest of them displayed non-significant high-parent heterosis 

values. Two hybrids showed significant positive and twenty-two hybrids had 

significant negative mid-parent heterosis. For commercial heterosis one hybrid 
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displayed significant positive and twenty-three hybrids had significant negative 

commercial heterosis estimates.  

Protein (mg/g f.wt) 

High-parent heterosis ranged from -28.8% (LA4097 × LA4157) to 25.9% (LA4097 × 

V48), -35.2% (LA4097 × LA4157) to 50.9 % (Vendor × V48) over mid-parent and -

20.5% (Lyp-1 × V48) to 24.4% (LA4141 × V48) over standard variety T-1359. For 

heterobeltiosis estimates, fourteen hybrids possed significant positive, seven hybrids 

significant negative and three hybrids indicated non-significant heterobeltiosis. For 

mid-parent heterosis eleven hybrids indicated significant positive, nine significant 

negative and four hybrids showed non-significant mid-parent heterosis. In case of 

commercial heterosis eight hybrids expressed significant positive, fifteen hybrids 

significant negative and one hybrid indicated non-significant heterosis for protein 

contents. LA4141 × V48 had significant positive heterobeltiosis, mid-parent heterosis 

effects coupled with significant higher commercial heterosis therefore, it can be used 

to improve protein contents through heterosis breeding. 

Fruit Yield in Plant (FYP in kg) 

One hybrid Vendor × V48 (37.9%, 84.0%, and 21.1%) showed maximum significant 

positive heterosis in a desirable direction over better parent, mid-parent and commercial 

heterosis. Four hybrids possessed significant positive heterosis over the high-parent. 

These hybrids were H-24 × V48 (19.2%), Vendor × V48 (37.9%), B-L-35 × V48 

(23.1%) and Lyp-1 × LA4157 (34.7%). The range of heterobeltiosis was from -38.8% 

(Vendor × LA4157) to 37.9% (Vendor × V48). For relative heterosis, seven hybrids H-

24 × V48 (62.7%), Lyp-1 × V48 (43.1%), LA4097 × V48 (50.0%), Vendor × V48 

(84.0%), B-L-35 × V48 (56.0%), Lyp-1 × LA4157 (55.6%), and B-L-35 × LA4157 

(29.4%) manifested significant positive heterosis. Seven hybrids showed significant 

negative mid-parent heterosis for fruit yield. Out of twenty four hybrids, twelve hybrids 

LA4141 × V48 (-51.3%), LA4097 × WV-63 (-14.2%), LA4141 × WV-63 (-15.8%), B-

L-35 × WV-63 (28.4%), H-24 × LA4157 (33.7%), Lyp-1 × LA4157 (33.7%) Vendor × 

LA4157 (53.2%) H-24 × 21354 (25.3%), Lyp-1 × 21354 (32.6%), LA4097 × 21354 

(23.2%), LA4141 × 21354 (23.2%)  and B-L-35 × 21354 (31.6%) exhibited significant 

negative standard heterosis. Vendor × V48 was the best hybrid disclosing all three 
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heterosis in a desirable direction. In hybrid combinations, genetic diversity of the 

parents may cause positive heterosis estimates.  
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Table 3.13 Estimate of Better Parent Heterosis 

Hybrids  No. 

C/P 

D.T.M NO. 

F/C 

No. 

Fr./C 

F.W 

(g) 

F. Wid 

(mm) 

F.L 

(mm) 

Fr . F 

(kg/f) 

P.H. 

(cm) 

Carotenoid. 

(mg/g f.wt) 

Vitamin 

C. 

(ug/g. 

f.wt) 

Lycopene 

( mg/g 

f.wt) 

Protien 

(mg/g 

f. wt) 

Fr. Y 

(kg/pl) 

H-24x V48 11.0** 0.7 -18.9 7.1 20.2** 4.3 18.7** -23.0** 1.5 -43.3* 0.8 -62.2 -6.5** 19.2* 

Lyp-1x V48 -26.2** 2.2 10.8 16.1 -4.4 2.1 -4.6 3.4 0.6 -47.0** 0.6 -68.9 -9.8** 1.2 

LA4097x V48 -29.5** -1.4 6.2 9.7 -8.4** 2.4 2.3 0.4 7.5** 13.3 2.3** 4.1 25.9** 14.3 

LA4141x V48 2.4 -2.6 -2.4 -3.4 -12.4** 4.6 -5.0* 4.2 -22.0** -10.3 2.3** 15.9 17.2** -33.8** 

Vendor x V48 43.6** -1.3 24.6** -5.1 8.7** 10.7** -1.5 22.3** 8.9** 9.4 -0.9* 58.2 23.4** 37.9** 

B-L-35 x V48 7.4** 2.3 3.7 3.4 -1.9 -3.2 17.8** -4.8* 5.3** 77.9** 1.6** 52.9 0.5 23.1** 

H-24 x WV-63 11.1** -0.9 -13.5 -28.6* 13.1** -0.8 0.1 16.3** 5.6** 13.5 0.1 11.9 5.4** 14.5 

Lyp-1x WV-63 3.7 1.2 13.1 18.6 11.8** -0.5 3.2 -8.0** 0.2 18.1* -3.3** 19.8 9.0** 1.2 

LA4097x WV-63 24.4** 0.5 -1.6 -2.3 47.5** 0.7 8.5** 12.4** -4.3* 34.5** 1.7** 57.1** 17.2** 7.1 

LA4141x WV-63 19.0** 3.9** -1.6 -2.3 60.1** 2.9 14.5** 27.7** 21.7** 15.4* 7.1** 6.6 3.5** 14.6 

Vendor x WV-63 -12.3** 0.0 -1.6 -2.3 2.4 0.0 3.4 5.8** 4.5** 2.3 1.7** 10.1 -5.0** 12.1 

B-L-35x WV-63 13.2** 0.4 13.6 18.6 36.8** 10.3** 8.8** -3.3 2.2 -13.9* -0.9* -14.9 11.1** -14.8 

H-24x LA4157 -0.6 2.5 24.3* 21.4 -19.1** -0.5 -2.8 8.7** -3.8* 63.9** -2.7** 125.0** 3.1** -13.4 

Lyp-1x LA4157 6.9** -4.3** 15.2 37.0** 1.8 -0.4 -5.2* -14.0** -0.9 41.0** 14.9** 115.8** 6.3** 34.7** 

LA4097x 

LA4157 

-22.6** 2.0 -4.0 -8.7 13.0** 0.9 -6.1* 18.5** 4.0* 0.8 -2.3** 18.5 -28.8** -13.4 

LA4141x 

LA4157 

-19.7** -2.8* -7.3 -10.3 -25.0** -1.2 10.9** -1.9 -3.3 93.3** -7.5** 186.7** 8.4** 14.6 

Vendor x 

LA4157 

42.1** 0.1 -8.8 -11.9 21.7** 2.5 -4.6 -8.7** -4.8** 52.5** 1.3** 100.9* 4.6** -38.8** 

B-L-35x LA4157 20.0** 2.5 -1.2 -3.4 29.6** -1.3 9.4** 26.1** 9.9** 203.4** -1.2** 376.8** 7.1** 21.0 

H-24x 21354 16.1** 0.1 8.1 0.0 15.1** 3.8 -4.2 4.4 8.9** 47.3** 2.5** 63.6** 1.2 -0.2 

Lyp-1x 21354 18.5** 2.0 -1.6 -2.3 12.6** 5.2* 14.2** 20.4** 4.0* 63.3** 3.8** 71.0** -5.5** -10.1 

LA4097x 21354 27.8** 0.6 23.0* 32.6** -13.1** 2.3 -4.7 -2.9 -6.9** 33.7** -1.5** 31.3 -8.2** 2.6 

LA4141x 21354 16.3** 1.8 13.1 18.6 -22.7** -2.7 -14.0** -14.7** 3.6* 69.4** -1.9** 106.5** 13.5 4.6 

Vendor x 21354 11.5** -0.3 18.0* 25.6* 24.8** 4.5 16.7** 16.9** 9.6** 37.1** -1.3** 37.8* -3.4** 13.8 

B-L-35x 21354 -2.3 4.8** -16.0 -16.3 -12.9** -4.6 -3.6 -18.0** -16.5** 51.0** 0.6 69.1** 9.0** -8.7 

S.E for hybrids 1.43 2.11 0.59 0.55 1.08 0.93 1.08 0.10 1.19 0.82 15.27 0.66 2.14 0.21 
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Table 3.13  Continued 
Mean performance of female parents (lines) 

H-24 95.0 170.7 5.0 3.0 47.4 37.9 56.5 4.1 90.1 22.6 3731.0 10.9 325.3 2.8 

Lyp-1 69.3 160.0 6.3 4.3 29.4 36.3 42.5 4.7 60.8 22.2 3692.7 11.6 244.4 2.7 

LA4097 41.0 164.1 8.0 6.0 41.2 40.1 47.1 5.5 57.6 20.0 3429.0 10.3 252.7 2.7 

LA4141 98.0 166.1 8.0 6.0 57.6 44.5 56.2 4.8 89.6 17.8 3245.0 9.1 244.9 3.1 

Vendor 91.0 170.1 9.7 7.7 40.4 41.5 41.4 5.2 84.6 19.8 3582.3 9.4 218.2 3.0 

B-L-35 85.0 165.2 7.0 5.0 38.4 34.5 59.0 3.6 53.7 24.2 3443.7 12.6 236.9 3.0 

Mean performance of male parents (testers) 

V48 25.0 161.6 6.3 4.3 55.9 41.5 58.8 5.2 90.2 18.4 3831.3 9.1 199.4 1.2 

WV-63 78.3 158.2 7.0 5.0 60.7 45.2 52.9 3.6 60.8 15.1 3667.7 7.3 231.6 4.1 

LA4157 45.7 151.3 8.3 6.3 50.4 44.6 39.7 5.2 65.8 19.5 3627.7 8.8 242.5 1.5 

21354 88.7 157.8 7.0 5.0 19.4 30.5 42.3 3.8 57.5 22.9 3652.3 11.5 238.1 1.8 

*, ** = Significant at 0.05 and 0.01 levels of probability, respectively  
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Table 3.14 Estimate of Mid Parent Heterosis  

Hybrids No.C/P DTM No.F/C No.Fr./C F. W(g) F. Wid 

(mm) 

F.L 

(mm) 

Fr.F 

(kg/f) 

P.H. 

(cm) 

Carotenoid. 

(mg/g f.wt) 

Vitamin 

C. 

(ug/g. 

f.wt) 

Lycopene 

( mg/g 

f.wt) 

Protien 

(mg/g 

f. wt) 

Fr.Y 

(kg/pl) 

H-24x V48 22.8** -3.1** -11.8 36.4* -5.1** 4.6* -1.0 -26.6** -20.5** -82.4** -3.8** -93.1** -17.2** 62.7** 

Lyp-1x V48 3.9 1.0 26.3** 38.5** -8.6** 4.3* -11.8** -8.1** -6.0** -83.3** -3.0** -94.5** -8.9** 43.1** 

LA4097x V48 24.2** -3.6** 7.0 9.7 -23.0** -0.6 -15.6** -17.1** 2.3 -62.3** 1.4** -80.2** 33.9** 50.0** 

LA4141x V48 10.6** -6.0** -7.0 -9.7 -38.3** -6.2** -23.0** -7.7** -39.9** -68.4** 3.4** -76.6** 42.4** -28.3** 

Vendor x V48 64.6** -6.1** 12.5 -22.2* 21.1** 8.8** -5.0* 4.2* -12.1** -63.4** -3.6** -68.6** 50.9** 84.0** 

B-L-35 x V48 29.7** -0.6 5.0 7.1 -15.1** -4.2 -1.1 -7.2** 3.3* -46.7** -1.6** -74.1** 21.6** 56.0** 

H-24 x WV-63 2.3 -3.7** -11.1 -16.7 -4.9** -5.0* -12.0** 38.9** 2.6 -39.2** -2.5** -52.4** -11.9** -10.4 

Lyp-1x WV-63 -5.2** 1.0 15.0 21.4* 10.0** -3.1 1.3 -1.2 17.6** -34.0** -4.7** -47.1** 2.5** -18.6** 

LA4097x WV-63 21.2** -0.7 -11.1 -15.2 37.6** -6.5** -5.2** 21.3** 13.7** -20.5** 3.1** -34.4** 16.4** -20.1** 

LA4141x WV-63 -0.6 1.3 -11.1 -15.2 8.1** -11.5** -2.2 44.0** 12.0** -14.9** 10.9** 36.7** 14.2** -26.3** 

Vendor x WV-63 -17.3** -2.9* -20.0** -26.3** -0.4 -7.7** 6.1** 21.4** 7.5** -39.0** 1.1* -42.8** 7.9** -12.7* 

B-L-35x WV-63 10.6** -1.5 9.5 13.3 35.8** 4.0 -2.1 15.7** 26.1** -46.8** -1.8** -58.4** 24.7** -36.4** 

H-24x LA4157 -6.2** 0.4 15.0 21.4* -32.5** -10.5** -10.1** 3.2 -13.5** -50.4** -4.9** 58.0** -18.2** -1.6 

Lyp-1x LA4157 23.5** -3.0* 9.1 31.3** 4.0 -8.5** 2.5 -23.7** 9.8** -56.9** 12.9** -61.0** -2.3** 55.6** 

LA4097x LA4157 3.8 2.1 -18.4** -24.3** 0.7 -11.5** -5.5* -2.5 18.2** -67.4** -0.4 -77.1** -35.2** 0.0 

LA4141x LA4157 -25.8** -3.4** -22.4** -29.7** -44.5** -17.6** 2.8 -13.3** -13.8** -33.9** -3.7** -41.0** 0.2 15.1 

Vendor x LA4157 38.0** -1.7 -29.6** -38.1** 9.3** -11.5** 4.6 -22.4** -11.2** -50.4** 1.0** -59.4** 2.3** -34.1** 

B-L-35x LA4157 21.9** 2.1 -13.0 -17.6* 19.1** -7.3** -1.5 22.6** 29.1** -11.3** -1.5** -18.0** 0.7 29.4** 

H-24x 21354 0.9 -3.6** 11.1 16.7 44.8** 20.6** -11.1** 20.3** 4.2** -34.7** -0.3 -43.4** -16.5** 2.9 

Lyp-1x 21354 1.3 1.5 0.0 0.0 93.6** 25.2** 23.3** 25.8** 24.2** -24.5** 1.5** -38.3** -12.3** -5.9 

LA4097x 21354 14.7** -1.2 11.1 15.2 20.6** 14.8** -6.8** -5.4** 13.7** -35.3** -0.1 -55.7** -11.6** 7.4 

LA4141x 21354 -8.2** -0.6 2.2 3.0 -19.8** 0.1 -20.0** -9.7** -2.6 8.00* 1.8** -2.4 -1.5 -2.0 

Vendor x 21354 -0.9 -3.8** -4.0 -5.3 75.3** 15.5** 27.6** 18.2** 9.0** -33.2** -2.1** -42.8** 0.1 11.7 

B-L-35x 21354 -10.2** 4.0** -19.0* -20.0 26.6** 10.4** -12.8** -4.9* 6.1** -22.1** -0.1 -31.7** 8.4** -11.0 

S.E for hybrids 1.2 1.8 0.5 0.5 0.9 0.83 0.9 0.1 1 0.7 13.2 0.66 1.9 0.2 

*, ** = Significant at 0.05 and 0.01 levels of probability, respectively 
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Table 3.15 Estimate of Commercial Heterosis 

Hybrids No.C/P DTM No.F/C No.Fr./C F.W(g) F. Wid 

(mm) 

F.L 

(mm) 

Fr.F 

(kg/f) 

P.H. 

(cm) 

Carotenoid. 

(mg/g f.wt) 

Vitamin 

C. 

(ug/g. 

f.wt) 

Lycopene 

( mg/g 

f.wt) 

Protien 

(mg/g 

f. wt) 

Fr.Y 

(kg/pl) 

H-24x V48 -19.9** 0.4 -31.8** 36.4* -11.9** -4.5* 27.8** -33.3** 10.0** -77.5** 5.9** -92.6** -14.5** 1.1 

Lyp-1x V48 -46.7** 1.2 9.1 63.6** -29.9** -6.7** 0.1 -10.5** 9.0** -79.0** 6.3** -93.9** -20.5** -12.6 

LA4097x V48 -55.4** -2.1 4.5 54.5** -32.8** -6.7** 0.1 -13.1** 16.1** -55.1** 7.2** -79.6** 19.1** -8.4 

LA4141x V48 -26.1** -4.0** -9.1 27.3 -37.1** -7.3** -0.9 -9.8** -17.1** -64.5** 6.6** -77.2** 24.4** -51.3** 

Vendor x V48 3.6* -2.9* 22.7** 36.4* 4.9* 3.8 6.6* 5.9** 18.0** -56.7** 4.1** -68.9** 24.0** 21.1** 

B-L-35 x V48 -22.5** 1.2 -4.5 36.4* -28.1** -16.3** 30.4** -19.6** 14.1** -29.6** 4.2** -70.0** 4.4** 3.4 

H-24 x WV-63 -3.6* -1.2 -27.3** -9.1 -7.5** -9.2** 7.7** 3.9 18.9** -28.8** 5.1** -53.7** -3.6** -2.9 

Lyp-1x WV-63 -23.9** 0.2 4.5 54.5** -10.8** -9.1** 8.2** -19.6** 9.7** -23.5** 2.1** -46.8** -4.0** -12.6 

LA4097x WV-63 -21.4** -0.2 -9.1 27.3 26.0** -8.3** 6.1* 7.8** 3.3 -13.4* 6.5** -38.5** 10.8** -14.2* 

LA4141x WV-63 -4.7** 2.5 -9.1 27.3 15.1** -8.7** 19.4** 17.6** 29.3** -13.0* 11.7** -44.7** 7.0** -15.8* 

Vendor x WV-63 -23.9** -0.6 -9.1 27.3 -9.4** -8.0** 12.0** 3.9 20.0** -34.0** 6.8** -49.0** -4.5** -2.1 

B-L-35x WV-63 -1.8 -0.6 4.5 54.5** 21.0** -4.7* 22.6** -18.3** 10.8** -35.1** 1.7** -55.8** 14.9** -28.4** 

H-24x LA4157 -28.3** 0.8 4.5 54.5** -40.6** -15.0** -3.2 -5.9** 3.5 -35.1** 1.9** -55.8** -8.6** -33.7** 

Lyp-1x LA4157 -22.8** -5.8** 9.1 90.9** -25.4** -14.9** -5.6* -25.5** 6.6** -44.2** 20.3** -57.6** -6.4** 3.2 

LA4097x 

LA4157 

-51.1** 0.4 -9.1 
27.3 

-17.1** -13.8** -8.1** 2.6 11.9** -60.1** 2.4** -76.7** -36.9** -33.7** 

LA4141x 

LA4157 

-42.0** -4.4** -13.6 
18.2 

-46.1** -15.6** 10.4** -15.0** 2.7 -23.5** -3.6** -43.7** -4.0** -15.8 

Vendor x 

LA4157 

2.5 -1.5 -13.6 
18.2 

-10.7** -12.4** -5.0* -20.9** 2.5 -39.6** 6.1** -60.5** -7.3** -53.2** 

B-L-35x LA4157 -13.4** 0.8 -9.1 27.3 -4.9* -15.7** 8.9** 6.5** 18.3** 20.1** 1.4** -6.4 -5.1** -7.4 

H-24x 21354 0.7 -1.2 -9.1 27.3 -12.9** -5.1 -1.8 -7.2** 18.1** -7.6 7.2** -32.2** -7.5** -25.3** 

Lyp-1x 21354 -13.0** 0.6 -9.1 27.3 -14.9** -3.8 17.0** 5.2* 12.8** 5.8 8.5** -24.0** -16.7** -32.6** 

LA4097x 21354 -19.2** -0.8 13.6 72.7** -34.3** -6.8** -6.8** -13.7** 0.5 -13.9* 3.1** -48.6** -14.6** -23.2** 

LA4141x 21354 -6.9** 0.4 4.5 54.5** -44.4** -13.7** -11.9** -24.2** 10.0** 27.7** 2.3** 21.5** 5.5** -23.2** 

Vendor x 21354 -3.3 -1.7 9.1 63.6** -5.6** -4.4 19.6** 3.9 18.9** -11.5* 3.2** -36.1** -10.2** -14.7 

B-L-35x 21354 -15.2** 4.8** -22.7** 9.1 -34.2** -17.5** -1.2 -30.7** -9.4** 13.8* 3.2** -12.2 1.3 -31.6** 

S.E for hybrids 1.43 2.11 0.59 0.55 1.08 0.93 1.08 0.10 1.19 0.82 15.27 0.66 2.14 0.21 

*, ** = Significant at 0.05 and 0.01 levels of probability, respectively 
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3.4 Study 4: Molecular Confirmation of Hybrids Using DNA 

Markers 

F1 hybrids having distant morphological and fruit quality attributes from their 

respective male and female parental genotypes were confirmed molecularly as true 

hybrids by using different DNA based markers (URP, RAPD, SSR) systems. PCR 

profiles of F1 recombinants along with their parents were done using RAPD, URP, SSR 

and SCAR.  Out of 34 RAPD primers used 4(OPU-3, UBC-840, S-11(22) and OPW-

O4) detected polymorphism between F1 recombinants and parents. 

Among RAPDs primer OPU-3 used to confirmed 6 recombinants in 1 set of the 

hybrids Viz; H-24 × V48, Lyp-1 × V48, LA4097 × V48, LA4141 × V48, Vendor × 

V48, B-L-35 × V48 showed male parent specific band in V-48 as shown in figure 3.8.  

Another RAPD primer UBC-840 in figure 3.9 showed the presence of a male parent 

specific band in LA4157. In figure 3.9 H-24 × LA4157, Lyp-1 × LA4157, LA4097 × 

LA4157, LA4141 × LA4157, Vendor × LA4157, B-L-35 × LA4157 were confirmed as 

true hybrids on the bases of the presence of the male specific band.  

A male specific band was detected in WV-63 using RAPD primer (S-11 (22)) 

as shown in the figure 3.10. Six hybrids, Viz, H-24 × WV-63, Lyp-1 × WV-63, LA4097 

× WV-63, LA4141 × WV-63, Vendor × WV-63, B-L-35 × WV-63 were confirmed 

using the male specific DNA primer. The presence of the particular male specific band 

confirmed the true recombinant nature of the hybrids. LA4157 showed polymorphism 

using OPW -04 primer six hybrids (H-24 × LA4157, LYP-1 X LA4157, LA4097 × 

LA4157, LA4141 × LA4157, Venodor × LA4157, B-L-35 × LA4157) clearly showed 

the presence of male specific band in their genome confirming them as true hybrids 

(figure 3.11). In case of URP’s, SSR and SCAR did not detect polymorphism in F1 

recombinants. 
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Figure 3.8 PCR profile of parents and F1 hybrids using RADP marker system 

OPU-03 

Figure 3.9 PCR profile of parents and F1 hybrids using RADP marker system 

UBC-840 

 

 

M
ar

k
er

  
 

V
4
8
 

H
-2

4
 

L
y
p
-1

 

L
A

4
0
9
7

 

L
A

4
1
4
1

 

V
en

d
o
r 

B
-L

-3
5
 

H
-2

4
 ×

 V
4
8

 

L
y
p
-1

 ×
 V

4
8

 

L
A

4
0
9
7
 ×

 V
4
8

 

L
A

4
1
4
1
 ×

 V
4
8

 

V
en

d
o
r 

×
 V

4
8

 

B
-L

-3
5
 ×

 V
4
8

 

 

 M
ar

k
er

 

L
A

4
1
5
7
 

H
-2

4
 

L
y
p
-1

 

L
A

4
0
9
7
 

L
A

4
1
4
1
 

V
en

d
o
r 

B
-L

-3
5
 

H
-2

4
 ×

 L
A

4
1
5
7

 

L
y
p
-1

 ×
 L

A
4
1
5
7

 

L
A

4
0
9
7
 ×

 L
A

4
1
5
7

 

L
A

4
1
4
1
 ×

 L
A

4
1
5
7

 

V
en

d
o
r 

×
 L

A
4
1
5
7

 

B
-L

-3
5
 ×

 L
A

4
1
5
7

 



 

91 

 

 

Figure 3.10 PCR profile of parents and F1 hybrids using RADP marker system 

S-11 (22) 
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Figure 3.11 PCR profile of parents and F1 hybrids using RADP marker system 

OPW -04 
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 Discussion  

4.1 Study 1: Relationship of Path Cofficient Analysis and 

Different Genetic Components in Diverse Tomato 

Germplasm 

Significant mean square (table 3.2) emphases considerable scope of improvements in 

tested traits moreover the C.V being in proper limits validate the data set as described 

earlier elsewhere [24, 163]. Higher PCOV value in comparison to GCOV showed the 

sensitivity of the material to the environment this might be due to genetically diverse 

material in our investigation. High heritability accoupled to  G. A for cluster per plant, 

plant height, fruit weight, vitamin C and protein contents showed additive genetic 

control in the future tranfer of such rewarding traits, therefore early choice for those 

traits could be fulfilling to improve yield. However, weight and  length of the single 

fruit possesed higher value of heritability accoupled  with  moderate G. A were equally 

important and improvement in yield could also be brought via those traits [164].  

A complex attribute like yeild / per was  comanded by different parameters with 

negative and positive effects [165]. To understand the extent of association of yield 

with other characters, one should measure the extent and nature  of  correlation of these 

paramters [166]. Yield / plant have significant and positive value of assocatation with 

plant height, fruit weight, fruit width and fruit length while, positive value  but non-

significant associatatios was showed with protein contents. Clusters / plant had 

significant positive genotypic correlation with yield per plant. Negative but non-

significant correlation of both rg and rp were with lycopene and vitamin c contents with 

yield / plant, however rg correlation coefficient was negative and non-significant while 

rp coefficient of correlation is positive for total carotenoids with yield per plant. These 

findings were validated by the earlier findings of  Fozia, et al. [163] and Jilani, et al. 

[24] 

Independent characters like  numbers of flowers / cluster, fruit width, fruit 

length, plant height , fruit firmness and total Carotenoids had direct  and postively  

effect the yield  of a  plant  pointed out the greater role for the improvement in dependent 
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factor yield maintaining the adequate amount of fruit quality [167, 168].  While indirect 

effects of certain traits (yield and quality) can contribute towards better/ higher yield in 

F1 hybrids without compromising the fruit quality and antioxidant potential of the 

hybrids. Those traits include clusters/plant via plant height, fruit per clusters via fruit 

firmness and fruit width, Lycopene via flowers per clusters and fruit firmness kg/f, 

vitman C through flowers per clusters, plant height and fruit length, towards yield kg 

per plant. It is therefore advocated that due attention should be given to these traits 

while doing selection. These finding are in accordance with the earlier investigation 

[169, 170] .  

4.2 Study 2: Genetic Variation for Antioxidant Potential and 

Quality Attributes in Diverse Tomato Germplasm 

Tomato fruit have higher amount of antioxidants, flavonoids, phytochemicals and 

mineral elements as compared to other horticultural crops but these all parameters 

varies greatly with respect to the genetic diversity of the germplasm, agroclimatic 

conditions and location [171]. These antioxidants are well known to reduce the risk of 

cancer and cardiovascular diseases[172]. However, the inferior fruit quality and 

antioxidant characters of elite and commercial hybrids as compared to all other tested 

genotypes in this study indicated that breeders might have compromised the fruit 

quality for higher yield and disease resistance [44]. Tomatoes with improved vitamin 

C levels have been reported to be associated with a reduction in yield [65]. Higher POD 

value in commercial hybrids and elite hybrids indicated the higher disease resistance in 

the tested genotypes [173]. Tested introgression lines of S. pennellii were found 

superior for the studied parameters than that of the other classes of the tomatoes in the 

study. The wide variation for total phenolic contents exists among the tested genotypes 

of introgression lines of S. pennellii which is at par for the previously reported range 

(90– 1000.8 mg kg−1 F.W) by Chandra, et al. [174] and Davies [175]. Out of 9 tested 

introgression lines of S. pennellii 5 lines had high total carotenoid content as compared 

to the previous literature [176-178]. Similar trend for lycopene content was observed in 

this study which was previously [179-182]. These high ranges might be due to the 

difference of the climatic condition in which these different studies were conducted. 

However, antioxidants, phenolic compounds and ascorbic acid genetic resources of 

tomato closely related to wild species were rich source and can provide the genetic basis 

for improvement in tomato nutritional quality [183]. Moreover, several genetic 
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'libraries' of wild species genomes existing as single introgressed chromosome 

segments in a cultivated tomato background were available and found useful in 

improving fruit quality of tomato [184]. Introgression lines of S. pennellii, with higher 

lycopene, carotenoids, reducing sugar vitamin c and TPC than other tested classes and 

commercial cvs, can serve as most desirable gene pool in any tomato breeding program 

to develop nutritively enriched cultivars and hybrids. 

 In the study correlation analysis revealed(table 3.6) that variation among 

genotypes for lycopene chlorophyll a and b total phenolic contents, total oxidant status 

and reducing sugar directly effect the amount of total carotenoids contents in the 

genotypes. These finding are in draw with the finding of the previous finding of [179, 

185-188] revealed that synergetic trend existed between different antioxidants and other 

biochemical parameters  

4.3 Study 3: Evaluation of Hybrids for Yield, Yield 

Components and Fruit Quality Attributes.  

In order to estimate the percentage surge of F1 offsrings over standard Varieties better 

parent and mid parent, heterosis is the phenomenon which provides such 

information[117]. Heterosis helps in providing the information regarding the best 

available crosses in a breeding material[189]. In order to improve certain polygenic 

traits like fruit quality, yield and yield contributing factors the information about 

combining ability pertaining to parents their crosses, genetic components and the type 

of possible gene action operating is important for the breeders [190]. Moreover, to 

assess the performance of parental lines combing ability effects (G.C.A, S.C.A) were 

measured. G.C.A (table 3.11) effect of parental lines referred to additive genetic effects 

and represents flexible parts  of genetic variance which were provided to be useful for   

categorizing the breeding behaviour of the parental lines in the hybrid combinations 

[191]. While, SCA(table 3.12) effects always referred to the non-flexible parts of the 

genetic variance of the parental lines in the F1 hybrids [192]. 

Genotypic M. SS for ANOVA in all the studied parameters were originate 

greatly significant in all the investigated attributes in table 3.9. Moreover, mean sum of 

square for lines, testers and crosses were also highly significant indicating the presence 

of high genetic variability among the breeding material for all the yield and quality 

related traits. Similar trend for the yield and quality attributes of tomatoes were 
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previously reported  Sharma and Singh [121], Gautam, et al. [190]. Moreover, the value 

for variance of S.C.A is higher than that of variance G.C.A for every yield and fruit 

quality related parameters under investigation (table 3.10). Which referred to the 

presence of the non-additive gene action controlling these traits. Previous studies 

conducted on tomato also reported the presence of non-additive gene action controlling 

certain quality traits like lycopene contents and vitamin C contents [193]. However, 

scientist reported the presence of both additive and non-additive gene action for certain 

yield and fruit quality related traits with respect to the improvement in the future 

breeding programs of tomato[194-196].  

Parents with high general combining ability effects were considered as desirable 

parents. Among all tomato genotypes used as female parents Vendor was identified best 

general combiner for Number of cluster per plant, days to maturity, number of flowers 

per clusters, single fruit weight, fruit width, fruit firmness, plant height, protein contents 

and fruit yield. However, for fruit length H-24 and B-L-35 was considered as the best 

female combiner. In case of fruit quality components B-L-35 and LA4141 were 

identified as best general combiner for carotenoids contents lycopene and protein 

contents. While, Lyp-1 was elucidated as best female parents for vitamin C contents. 

Among the tomato genotypes used as testers (male), WV-63 was identified as best 

general combiner for seven traits expect days to maturity, number of flowers per 

clusters, number of fruit per cluster, fruit yield, carotenoid contents and lycopene 

contents. Various tomato breeders [118, 122, 197] reported best general combiners to 

increase the yield and fruit quality. High general combining ability(GCA) effects show 

the adaptation and potential of the parental lines to produce the F1 hybrids with greater 

yield and fruit quality over a range of environment [117]. Variance of general 

combining ability effects is predominantly due to the additive × additive epistatic or 

flexible  additive genetic variance and is the indication of presence of high breeding 

value for developing F1,s with desirable traits [198, 199]. Therefore, breeding programs 

with the above mention parental genotypes can result in a better yielding and 

nutritivively enriched tomato cultivars followed by a pedigree method selection. 

Specific combining ability (table 3.12) effects and heterosis estimates (better 

parent in table 3.13, mid parent in table 3.14 and commercial heterosis in table 3.15) 

helped to elucidate hybrid Vendor × V48 was found favourable for number of clusters 

per plant, number of flower per cluster, fruit width, fruit weight, fruit firmness, protein 
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contents and yield per plant. However, for yield contributing traits like number of 

clusters per plant B-L-35 × WV-63, Vendor × LA4157 and H-24 × 21354: days to 

maturity Lyp-1 × V48 and LA4141 × WV-63: number of fruits per cluster B-L-35 × 

WV-63 and Lyp-1 × LA4157: fruit weight LA4097 × WV-63. LA4141 × WV-63 and 

B-L-35 × WV-63: fruit length H-24 × V48, B-L-35 × V48, LA4141 × LA4157 and 

Vendor × 21354: fruit firmness B-L-35 × LA4157, H-24 × WV-63, LA4141 × WV-63, 

Vendor × 21354 and Lyp-1 × 21354: plant height B-L-35 × V48, LA4141 × WV-63, 

LA4097 × LA4157, H-24 × 21354, LYP-1 × 21354 and Vendor × 21354 hybrids were 

found favourite. In addition to that for fruit quality traits LA4141 × 21354 for 

carotenoid contents, LA4097 × V48, LA4141 × V48, LA4097 × Wv-63, LA4141 × 

WV-63, Vendor × Wv-63, Lyp-1 X LA4157 and Vendor × LA4157 for vitamin C 

contents , H-24 × LA4157 for lycopene contents and LA4097 × V48, B-L-35 × 21354, 

LA4141 × V48, Vendor × V48, LA4097 × WV-63, B-L-35 × WV-63 for protein 

contents were the most favourable hybrids and might can serve as heterotic group for 

further use in a particular breeding program. While, specific combining ability effect 

(SCA) is mainly due to the dominance genetic variance and 3 different type of epitasis 

i.e dominance × dominance, additive × additive and additive × dominance effects. 

Moreover, it has a direct relationship with the heterosis, so the above hybrids were 

found favourable for the respective traits. similar results were previously reported by 

Joshi and Kohli [193], Saleem, et al. [200]  yield and certain quality contents. Therefore, 

the best approach will be to start tomato breeding with high× high and high × low GCA 

combinations of the parents. 

4.4 Study 4: Molecular Confirmation of Hybrids using DNA 

Markers 

Tomato supposed to have the a very narrow genetic background due to highly 

self-pollination process hence it is among the certain bottlenecks in tomato breeding 

[201]. In tomato it is very hard to confirm genetic purity of F1 hybrids using 

morphological markers because of epistatic gene action and influence of the 

environmental effect in the field [202, 203]. Use of DNA molecular marker for 

confirming the hybrids and selection of plants for the desirable traits are now a days 

widely used by various researchers [204, 205]. In order to save time and labour markers 

assisted breeding is one of the tool which proved to be accurate as compared to 

phenotypic markers[128, 206]. In the current study, RAPD markers were found 
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effective tool to differentiate between F1 recombinants and self-pollinated offspring of 

female lines. The hybrids were verified by the presence of the amplified polymorphic 

DNA male specific bands in the hybrids as when compared with their respective female 

parents.  

In the current study RAPD (OPU-3) primer detected male specific band in case 

of V-48. Hence the presence of polymorphism in the recombinants confirms the 

trueness of the F1 hybrids. RAPD primers were  testified by Abbas, et al. [202], Foolad 

and Lin [207] for detecting polymorphism confirming the intra specific crosses. F1 

recombinants derived from crossing LA4157 male parent with the females were 

confirmed using a RAPD primer UBC-840 indicating the enrichment male parent 

genome in the hybrids. These results excalty in line with the results of  Aida and Eltayeb 

[208]. Likewise, a male specific band was detected in case of WV-63 and 21354 using 

S-11(22) and OPW- 04  primers respectively [206, 209]. The resultant hybrids clearly 

had the male specific bands in their genome which confirmed that the F1 hybrids were 

true hybrids and morphological performance was not only due to the environmental 

effects but also due to the difference in genetic makeup. 

While comparing the marker systems like RADP, URP and SSR, the RAPD 

markers were the found efficient in order to amplify DNA from the discreet 

polymorphic loci in genome. Thus, these markers might be used to confirm the F1 

hybrids for the genetic purity and true to type hybrids where URP and SSR markers 

failed to do so. While concluding the investigation it can be easily stated that marker 

assisted selection was time saving and best approach for identifying the true intra 

specific F1 hybrids. By using this approach, we can easily distinguish between the self 

and recombinant plant and can abolish the environmental related problems and 

inadequacy of morphological markers. 
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 Conclusion 

➢ In order to establish a selection criterion for introgression lines, backcross 

population, modern and vintage cultivars and wild accession, number of 

flowers, plant height, fruit width and length, fruit firmness and fruit weight were 

the yield related parameters on which the selection can be made. However, total 

carotenoids and vitamin C might be selected as the potential fruit quality 

parameters to design a judicious hybridization scheme. 

➢ Wide variations were observed among introgression lines of S. pennellii for 

different antioxidants and quality attributes. Total phenols, reducing sugars, 

lycopene, total carotenoids and total oxidant status was exponentially high in 

introgression lines of S. pennellii as compared to that of commercial varieties 

and hybrids. Thus, they should be used for developing varieties and hybrids with 

enhanced nutritive quality in any breeding program. 

➢ Vendar and B-L-35 were elucidated as best general combiner among female 

parents to increase the yield related components and quality related attributes. 

However, Wv-65 was excellent general combiner among all the tested male 

parental genotypes on the bases of GCA effects. In order to develop high 

yielding nutritively enriched cultivars/hybrids these genotypes should be used 

in a breeding program which has aims to increase yield the quality parameters. 

➢ Taking in account SCA effects Vendor x V48, Lyp-1 x LA4157 and B-l-35 x 

LA4157 might be rated as best specific combiner for many yield contributing 

components and yield. While, LA4097 x V48 and LA4097 x WV-63 were rated 

as best specific combiner for quality attributes. 

➢ Vendor x V48, Lyp-1x LA4157 and B-l-35x LA4157 were the best hybrids 

considering heterosis expressions and these might serve as heterotic groups for 

increasing yield and yield contributing characters in tomato breeding. 

➢ LA4141 × V48 and LA4141 × 21354 were elucidated as best hybrids while 

taking account of all three types of heterosis and these might be the possible 

heterotic groups for quality related attributes in tomato. 
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➢ Genetic analysis revealed that the performance of tested hybrids was not merely 

morphological but these hybrids contain certain male specific bands which 

referred to the fact that these hybrids were true in genetic nature and phenotypic 

performance of the hybrids were not due to the environmental factors but was 

due to the recombinant genetic make of the hybrids. 
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Appendixes A (Pictures of Genotypes) 

 

Figure A1 Lines 
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Figure A2 Testers  
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Figure A3 Hybrids 
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Figure A4 Hybrids 
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Figure A5 Hybrids 
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Figures A6 Hybrids 
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