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CHARACTER ASSOCIATION ANt) GENJETIC DIVERSITY IN 
TOM A'I'O 

(So/au iii,: Ircoperawum L) 

BY 

TASNIA TAIANA 

AIJS'I'RACT 

The experinient was conducted with twenty one genotypes of tomato at the experi nenta! farm 

of Sher-e-Batigla Agricultural University. Dhaka during the period ofNoveniber 2013 - April 

2014 to estimate the variability. herilabilib. correlation, path eoeliieient and genetic diversity 

among the genotypes. All the genotypes varied significantly,  ith each other for all the studied 

characters indicating the presence of considerable variations among the genotypes. The 

Phenotypie Coefficient of Variation (PCV) values ere sliihtly higher than the respective 

Genotvpic Coefticieni of Variation (CCV) values for all the characters under study indicating 

that the characters were less in tluenced by the environment. l'lant height and number of fruits 

per plant showed Ii igh heritabi I its along with high genetic advance indicating them (0 he 

helpful in predicting the genetic gain under selection. Moderate heritability for primary 

branches per plant indicated Favorable intitience of environment rather than genotypes. 

Correlation analysis revealed that fruit yield per plant was highly significant and positively 

associated with secondary branches per plant and inintber of fruits per plant at both genotypie 

and phenotypic level. On the other hand. both genotypic and phenotypie level fruit yield per 

plant had highly significant and negative correlation with days to 50% flowering and days to 

maturih. Path analysis revealed that secondaiy branches per plant, number oF fruits per 

cluster. days to tirst llosvering, days to inaturils. fruits per plant, average fruit weight and fruit 

diameters had positive direct effects on yield per plant. Significant difference among the 

clusters was observcd through mullivariate analysis. clusters analysis and canorneal vector 

analysis. Based on D analysis the genotypes were grouped into live different eltisters. 

Clusters I bad the maximum seven and cluster V had the ni in imum it single genotype. The 

highest inter-cluster distance was observed between Ill and V and the lowest distance was in 

between Ill and W. The highest and lowest intra-cluster distance was observed in III and V 

respectively. Genotypes included iii cluster II were important for secondary branches per 

plant, days to tirst flowering, fruit yield per plant whereas number of flowers per cluster. 

number of fruits per cluster and number of fruits per plant were remarkable Feature for cluster 

V. Considering the above tindings and other agronomie perfbrniances. the genotypes [3D-

7748. Local Jessore-3 and Local Kushtia-l. BD-7762. BD-7285. BAR! livbrid-4. BD-7290. 

BL)-90 II and BAR! Tomato-3 mitzht be considered as better parents for efficient 

hybrid izat ion progra in me in future. 
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CHAPTER I 

INTRODUCTION 

]omzuo is an herbaceous. usually sprawling plani in the order solanales and 

nightshade family. solanaceae. Tomato (So/anuin 1ycoperxwun L.) is one of the most 

important vegetable crops of both tropics and subtropics of the world. It is an 

excellent source of lycopene, a powerful antioxidant and reduces the risk of' prostate 

cancer (Hossain ci at 2004). 

Tomato has an excellent nutritional profile owing largely to its balanced mixture of 

minerals (potassium. calcium, phosphorus. iron and zinc), vitamins (A. B I. 132. 136. 

biotine, folic acid. nicotinie acid. pantothenicieid. C. Ii and K). antioxidants such as 

carotenoids. polyphenolie compounds and carbohydrates. No doubt, because of its 

exceptional nutritive value. tonmto is the world's major vegetable crop. Fresh ripe 

tomatoes are prevalently consumed raw in salad as well as curried in combination 

with variety of vegetables. Tomato can also he processed and canned into a wide 

range of value added products like soups. juices, pastes. sauces, ketchups and purees. 

Tomato is also having medicinal value. The pulp and juice are digestible and blood 

purifier (Frasher ci at 1991). It's centre of origin is presumed to he in the present 

state of Mexico. It is believed that the tomato was introduced in subcontinent durina 

the British regime. It is popular for its taste. nutritional status and various uses. The 

crop is adapted to a wkle variety of climates ranging from the tropics to a lèw degree 

of the Arctic Circle. In 2009 the world's total cultivated area under tomato was 4.98 

million ha, with a production quantity of 141.14 million tons (FA()S'I'AI. 2011). 

Now Bangladesh is producing a good amount of tomatoes. In Bangladesh tomato has 

great demand throughout the year but is available and cheaper during the winter 

season. Tomato was cultivated in 61213 acre of land and its record prodtLetion was 

232459 metric tons during 2010-2011 (BBS. 2011). Now-a-days. tomatoes are grown 

round the year. Due to increasing consumption of tomato products. the crop is 

becoming promising. The best tomato growing areas in Bangladesh arc Dinajpur. 

Rajshahi, Dhaka. Comilla and Chittagong. 	 1 
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Parameters of genotypie and phenotypic coefficients of variation ((CV and PCV) are 

useM in predicting the amount of variability present in the available genotypes. 

Heritability and genetic advance help in determining the influence of environment 

expression of the characters and the extent to which improvement is possible after 

selection (Robinson ci al. 1949). Crop improvement depends upon the magnitude of 

genetic variability and extent to which the desirable characters are heritable. The total 

variability can he partitioned into heritable and non-heritable components with the 

help of genetic parameters like genotypie and phenotypic coefficients of variation. 

heritability and genetic advance (Johnson dci!. 1955). 

The knowledge of association between yield and its contributing traits is of great 

values in planning a breeding programme. Thus determination of correlation among 

the characters is a matter of considerable importance in selection of correlated 

response. The degree of relationship or association of these characters with yield can 

he ascertained by correlation studies. This would aid in fbrmulation an efficient 

breeding program for improving the yield potential via its components. But it does not 

give the exact information of the relative importance of direct and indirect elkets of 

various yield attributes. Path analysis facilitates the partitioning of correlation 

coefficients into direct and indirect effects of various characters on yield or any other 

attribute. Ilybridization is one of the major tools for achieving variability aiming at 

the improvement of a crop. Before hybridization genetic diversity of the existing 

materials or entries needs to be known. Information about genetic diversity in 

available gerniplasm is important for the optimal design of any breeding program. 

This helps to choose desirable parents for establishing new breeding population. 

Besides. better knowledge on genetic diversity could help to sustain long term 

selection gain (Chowdhury and Sharma. 2002). 

Diverse breeding lines including specific genetic stocks are the most precious basic 

matenals for crop breeders to meet the current and future needs. Characterization of 

genetic stocks and varieties by morphological is obligatory for the purpose of 

selection of new varieties for direct production or for use in hybridization program. 

Crops as manifested in morphological or molecular diversity are essential for crop 

improvement. leading to the production of' preferred crop types. The importance of 

genetic diversity in the improvement of a crop has been eniphasizcd in both self and 

cross pollinated crops (Gadckar cial. 1992). 



According to Burton (1952), for the improvement of any character through breeding, 

it is essential to know the extent of variability present in that species. nature of 

association among the characters and the contribution of different characters towards 

yield. The efficiency of a plant breeding program depends on the amount of genetic 

variability exist in nature or how much a plant breeder can create variability in the 

population so as to perlhrm effective selection. However, knowledge on genetic 

information obtained through the analysis of genetic diversity and relatedness 

between or within different species. population and individuals is a pre-requisite 

towards effective utilization and conservation of plant genetic resources (Chaudhury 

et al. 1976. Weising ci all 1995). Therefore. characterization and analysis of genetic 

siniilarity/dissiniilarity among the tomato varieties are necessary before setting any 

program for their improvement. 

llw gcrmplasm were collected from the Plant Genetic Resource Centre (PGRC) of 

Bangladesh Agricultural Research institute (BARI). Gazipur. Information about 

species as well as their identifying characters for most of the germplasms collected 

was unknown. So. it is an opportttnity to characterize the germplasins 

morphologically under diilèrent species 11w future utilization in breeding program to 

develop short durated and high yielding genotype of tomato. With conceiving the 

above idea in mind, the present research work has been undertaken in order to 

fulfilling the Ibllowing objectives: 

I. To know the yield potentiality of the genotypes. 

To assess the genetic variability among the tomato genotypes in respect oldifterent 

morphological characters. 

To determine the nature of association, direct and indirect relation between yield 

and yield contributing characters: and 

To assess the genetic diversity among the tomato genotypes for identifying the 

genetically divergent parents and to use those in the further improvement of toniato 

3 
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CHAPTER II 

REVIEW OF LITERATURE 

Tomato (Solcmum lvcojiersicum Li is one of the most important vegetable crops 

grown throughout the world because of its wider adaptability. high yielding potential 

and suitability for variety of uses iii fresh as well as processed food industries. At 

present tomato ranks, second next to potato in terms of global vegetable production. 

Morphological characterization of any agricultural crop is a valuable toot, which can 

utilize for crop improvement program. 

The present research work has aimed to study the variability. heritability, genetic 

advance. correlation, path coefficient analysis and genetic diversity among different 

yield contributing characters. Difièrent workers in different institutions of the world 

have already performed related works. Some of the most relevant literatures are cited 

here on objective basis. 

2.1 Variahilit 

The fundamental key to achieve the genetic improvement of a crop through a proper 

breeding program is to assess the amount and nature of variation of plant characters in 

breeding population. It helps the breeder Ibr improving the selection efficiency. For 

this reason. many researchers studied variation of various characters in tomato. 

Ahirwar ci aL (2013) carried out a field experiment in nineteen genotypes of tomato 

to study the genetic variability, heritability: genetic advance and correlation (ir 

different yield contributing characters. Significant diftbrences were observed among 

the genotypes (or all the traits. The phenotypic co-efficient of variation (PCV) was 

higher than genotvpic co-efficient of variation (GCV) for all the traits. '[rails like 

plant height 120 DA'l'. number of branches 120DAT. number of fruits per plant. 

average fruit weight. number of cluster per plant, fruit set (%), radial diameter and 

polar diameter (mm), ascorbic acid (vitamin Q. TSS (brix), showed positive 

correlation with fruit yield per ha. plant height after 120 DAT. days to 50 per cent 

tiowering. leaf curl incidence and intensity showed negative correlation at both 

phenotypic and genotypic level. 

r;I 



Al-Aysh ci at (2012) reported that the genotypes exhibited a wide range of variation 

for all the characters. Phenotypic coefficicrit of variation and genotypic coethejent of 

variation were the highest for number of fruits per plant vliereas the lowest ones were 

for harvest index. 

Kaushik ci al. (2011) evaluated ten genotypes of tomato. I'hey observed that the 

variation was maximum (424 to 825 qtl/ha) for fruit yield and minimum for fruit 

width (4.1 to 5.6 em). [he magnitude of genotypic and phenotypic coefficient of 

variation was higher for number of leaves (21.2 and 22.3), fruit length (19.6 cm and 

19.7 cm) and fruit yield (19.6 kg and 19.6 kg). 

Shashikanth ci at (2010) carried out a field experiment to study the genetic variation 

among thirty tomato germplasm lines and observed that the range of variation and 

mean values were high for plant height. days to 50% Ilowering and average fruit 

weight. lie also observed that high genotypic variation was for most of the characters 

indicating a high contribution of the genetic component for the total variation. 

Kumari and Subramanian (2007) recorded data for total soluble solids. dry matter 

content. reducing sugars. titratable acidity. ascorbic and lycopene. days to flowering. 

days to maturity, number of fruits per bunch, weight per fruit. fruit length. fruit width. 

number of' fruit hearing branches, total number of fruits per plants. plant height. early 

yield and found that there were highly signilicant differences for all the characters 

among parents except acidity. early yield, total yield, and days to tiowering. 

N4ahesh ci at (2006) carried out an experiment to study genetic variability in thirty 

genotypes of tomato and reported significant difference for all the characters under 

study and observed a wide range of variability for plant height. number of branches 

per plant, fruit weight. fruit length, fruit diameter, number of locules per fruit. Fruit set 

percentage. fruits per plants. Fruit yield per plant, ascorbic acid content and total 

soluble solids. 

Singh ci at (2005a) conducted a field experiment on fifteen advance generation 

breeding lines of tomato. to study the variation for total soluble solids ('I'SS), periearp 

thickness, fruit lirmness. acidity% lvcopene content and dry matter and observed 

signiflcant di IThrence among the genotypes under normal conditions, whereas 

dilIërences were not significant under high temperature conditions. The population 
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mean was higher during November than February planting for all the characters 

except acid content and TSS. 

Singh cxcii (2005b) conducted a field experiment with thirty tomato cultivars and five 

genotypes (DT-39. RHR-33-1. ATL-16. DARI.-13 and R]'-JO]3-21) showed higher 

number of primarY branches than the control. The maximum number of fruits per 

plant,, was obtained from Wi-I 17-5-3-1. Fruit yield was maximum (1.84 kg/plant) in 

DI-39. Most of the eultivars showed higher total soluble solids content in their fruits 

compared to the control. The acidity percentage in fruits was highest in KS-60. The 

physiological loss in weight at seven days was highest in NDT-t II and lowest in 

plant 1-3 . ATL-l3 showed the highest lycopene content (59.67 nig/lOOg). 

Singh or at (2002) carried out a field experiment with ninety two tomato genotypes 

to study their genetic variability and reported that there were highly significant 

genetic variation among the genotypes for plant height. number of days first fruits set, 

number of fruit clusters per plant. number of fruits per plants. fruit weight per plant 

and fruit yield. The traits characterized by adequate variability may be considered to 

use in a hybridization program for yield improvement in tomato. 

2.1.1 Plant Height 

Golani of at (2007) observed that the phenotypic and genotypic association of fruit 

yield was significant and negative with plant height. Kumari ci at (2007) observed 

the highest genotypic coefficient of variation for plant height tbllowed by early yiel(. 

tvcopenc content, number of fruit hearing branches and titratable acidity. 

Joshi and Choudhury (2003) conducted a field experiment with forty tomato 

genotypes to evaluate their genetic variability and noticed that plant height gave the 

highest heritability (78.82%). Matin of al. (2001) also reported that phenotypic 

variance was relatively higher than genotypic variance for this trait. 'Fhev again 

observed that genotypic coefficient of variance was tower than phenotypic coefficient 

of variance indicating influence of environment for expression of this character. 

Prasad and Mathura (3999) found high degrees of phenotypic and genotypic co-

efficient of variance [or plant height in 75 exotic genotypes of tomato. Aditya (1995) 

and Matin of at (2001) reported significant variation for plant height. 



According to Aditya (1995) plant height ranged between 48.8 and 104.2 en' while 

Matin c/at (2001) reported that it ranged between 70.70 and 103.80 cm. 

2.1.2 Primary branches per plant 

Shravan et at (2004) conducted an experiment with 30 tomato genotypes in Utter 

Pradesh of India during 2001/02 winter to study their genetic variability and reported 

significant difference for number of primary branches per plant among the genotypes. 

2.1.3 Secondary branches per plant 

Chernet ci at (2013) evaluated 36 varieties of' tomato to estimate genetic variability 

and its association amonu characters. Based on the mean value, the average mean 

value was more than twice of the minimum mean value for traits days to 50% 

[lowering, number of primary and secondary branches, number of flower per plant. 

number of matured fruits per plant. fruit set percentage. weights of fruit per plant, 

single fruit weight. number of seeds per fruit and total fruit yield per hector Indicating 

their maximum contribution to the total variability observed among the tomato 

genotypes. 

2.1.4 Number of flower per cluster 

Tasisa c/ at (2011) evaluated 23 varieties of tomato to estimate variability, 

heritability and genetic advance in yield and yield components. I ligher values of 

phenotypie coefficient of variation (PCV) and genotypic coefficient of variation 

(CCV) were observed fruits per plant, seeds per fruit. flower per cluster, fruit yield 

per plot, fruit cluster per plant, and plant height indicating the existence of higher 

magnitude of variability among the test genotypes for effective selection in respect of 

the above characters. 

ilaydar ci at (2007) conducted an experiment to study the genetic parameters. 

character association and path coefficient analysis between yield and yield 

contributing characters of different tomato genotypes. High genetic advance as 

percentage of mean was exhibited for fruit weighiiplant followed by number of fruits 

in three cluster/plant and number of flowers in three clusters per plant. 
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2.1.5 Number of fruit per cluster 

Samadia ci al. (2006) evaluated 14 cultivars of tomato and found a range between 

1.48-4.51 fruits per cluster. They reported almost similar estimates of PCV (4186%) 

and (iCV (41.83%) for this character. 

Arun and Veeraragavathatham (2005) evaluated 37 genotypes of tomato and observed 

a range between 2.33-6.63 fruits per cluster. They reported the PCV (22.65%) was 

higher than CCV (15.93%) Ibr this character. Aradhana and Singh (2003) evaluated 

40 genotypes of' tomato and found a range between 2.67-4.47 fruits per cluster, lie 

reported the PCV (10.98%) was higher than CCV (10.54%). 

2.1.6 l)ays to first flowering 

Matin cx al. (2001) reported significant differences among the 26 tomato genotypes 

for days to first flowering ranging between 49.67 and 68.33 days. They also reported 

that the phenotvpic variance was comparatively higher than the genotypic variance 

indicating high degrees of environmental effect for days to first flowering. Sharma 

and Verma (2001) reported significant variation lbr days to first flowering in six 

cultivars of tomato. 

Aditya (1995) reported that there were no significant differences in days to first 

flowering among the 44 tomato genotypes which ranged between 52.67 and 58.87 

days. 

Biswas and MaIlik (1989) observed that a minimum o166 days was necessary for first 

flowering for cv. Seleetim-7 and niaximuni of 89 days for cv. Ceogieva (1969) 

reported that pre-flowering periods of the varieties ranged from 56 to 76 days. 

2.1.7 Days to 50% flowering 

Samadia et at (2006) evaluated 14 cultivars of tomato and observed a range between 

52.1-67.10 days to 50% flowering. They reported the PCV (7.12%) was slightly 

higher than GC\' (7.05%). 

Singh ci aL (2005) evaluated 10 genotypes of tomato and observed a range between 

34-41 days to 50% flowering. They reported the PCV (6.2 1%) was higher than CICV 

(5.42%) for this character. 



2.1.8 Days to maturity 

Singh ci at (2005) evaluated 10 genotypes of tomato and reported that phenotypic 

coefficient of variation (PCV) was higher than genotypic coefficient of variation 

((jCV) 11w this character. Prasanth and Aswanth (2003) evaLuated 67 genotypes of 

tomato and found similar results for this character. 

2.1.9 Number of fruits per plant 

Joshi and Choudhury (2003) conducted a held experiment with forty tomato 

genotypes to evaluate their genetic variability and observed the number of fruits per 

plant gave the highest phenotypic and genotypic coefficient of variation (61.21 and 

44.05, respectively) and genetic advance as percentage of mean (65.24). 

l3rar ci at (1998) estimated phenotypic and genotypic coefficient of variation and 

observed high variability in the characters of number of fruits per plant of 186 

genotypes of tomatoes. 

Singh ci at (1997) studied variability 11w yield related characters in 23 genotypes of 

tomato and reported that phenotypic variation was quite large but genotypic variation 

WUS low. '[he phenotypic and genotypic coefficient of variation indicated that 

selection may he made for number of fruits per plant. 

Islam ci al. (1996) reccrded highest genetic variability for number of fruits per plant 

in 26 diverse genotypes of tomato. Sahu and Mishra (1995) also reported wide range 

of genotypic variation for number of fruits per plant and they found high genotypic 

variation for number of fruits per plant. 

Reddy and Reddy (1992) evatuated 139 tomato genotypes and estimated phenotypie 

and genotypic coefficient of' variation. Considerable variation was observed for 

number of fruits per plant (4.0-296.5). Islam and Klian (1991) also reported 

signiuicant variations for number of fruits per plant. 

Sidhu and Singh (1989) suggested that maximum genetic improvement would he 

possible by genetic variability Ibr number of fruits. Sonone et at (1986) reported that 

high genotypic and phenotypic co-efficient of variation were estimated for fruits per 

plant. 
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2.1.10 Average fruit weight 

Mohanty (2003) carried out in a field experiment to study genetic variability of IS 

tomato cultivars and observed that the average fruit weight had positive direct elects 

on the yield and negative indirect eliCets on number of fruits per plant. 

Singh ci at (2002) carried out in a field experiment to study genetic variability of 

fifteen heat tolerant tomato and showed that phenotypic co-efficient of variation 

(PCV) and gcnotypic co-efficient of variation (GCV) were high for average fruit 

weight. Matin n at (2001) reported similar results for average fruit weight in an 

experiment with 26 tomato genotypes. 

Brar ci at (1998) reported that varietal differences were significant among 20 

eultivars of tomato for average fruit weight ranged between 24.1 and 76.6 g. Singh ci 

al. (1997) studied genetic variability of 23 genotypes of tomato and reported that 

phenotypic variation was quite large but genotypic variation was low Ibr this 

character. 

Sahu and Mishra (1995) reported that fruit weight had high genotypic coefficient of 

variation in 16 lines of tomato grown during the winter season of 1986 at 

ljhubaneswar. India. 

Reddy and Reddy (1992) estimated phenotypic and genotypic variation. phenotypic 

and genotypic coefficient of variation for individual fruit weight. Considerable 

variation was observed for average individual fruit weight (1.25-158.87). 

Ahmcd (1987) reported that a wide range of variation was observed for individual 

fruit weight among four genotypes of tomato. He also reported that genotypic 

coefficient of variation was very high Ibr individual fruit weight in ibur tomato 

varieties namely EC32099. 1-IS 102. I-IS 107. and Columbia respectively. 

Sonone et at (1986) reported that genotypic and phenotypic variances were high br 

individual fruit weight in the study of genetic variability with 13 genetically diverse 

tomato lines. 
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2.1.11 Fruit length 

Singh ci at (2002) reported that phenotypic coefficient of variation was greatest for 

fruit length. Mohanty (2002) evaluated 18 genotypes of tomato and also found that 

phenotypic coefficient of variation was greatest Ibr fruit length. 

2.1.12 Fruit diameter 

Singh ci al. (2002) reported that phenotypic coefficient of variation was the greatest 

for fruit diameter. Anupam ci at (2002) evaluated 30 genotypes of tomato and also 

lound that phenotypic co-efficient of variation was greatest for fruit diameter. 

2.1.13 Fruit yield per plant 

Matin es al. (2001) reported signilicant differences for yield per plant among the 

genotypes tested. They also reported that phenotypic variance was little higher than 

genotypic variance indicating slight environmental influence on this trait. 

Brar ci at (l998) reported high degrees of variation for average yield per plant among 

the 186 genotypes tested. Kumar and Tewari (1999) reported genotypic coefficient of 

variation was higher for average yield per plant among the 32 tomato genotypes. 

Singh ci al. (1997) observed that phenotypic variation was quite higher than 

genotypic variation for these traits in 27 genotypes of tomato. 

Aditya (1995) observed highly signiticant diflèrcnces for average yield per plant 

among 44 genotypes of tomato. He also reported that phenotypic variance and 

phenotypic coefficient of variation were higher than genotypic variance and genotypic 

coefficient of variation respectively. 

Reddy and Reddy (1992) observed considerable variations for yield per plant in 139 

tomato varieties. Sonone ci at (1986) reported that genotypic and phenotypic 

variances were high for average yield per plant. Dudi ci at (1983) reported that 

phenotypic and genotypic coefficient of variation was high for average yield per 

plant. Sachan and Sharma (1982) perfonned an experiment with certain tomato 

genotypes at south Guzrat. India and reported signilicant differences among the 

genotype Ebr yield per plant. 
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2.2 Jleritability and genetic advance 

Selection of plants on phenotvpic characteristks is the mosi important task br all 

plant breeding practices. The effectiveness of selection for yield depends upon 

heritability. A character with high heritability gives better response to selection. 

Heritability and genetic advance are the most important parameters to judge the 

breeding potentiality of a population tbr future development through selection. Many 

researchers have studied heritability and genetic advance of yield and many yield 

contributing characters of tomato. The literatures very relevant to the present study 

are reviewed below: 

Patel ci at (2013) evaluated thirteen tomato genotypes to estimate variability, 

heritability and genetic advance in yield and yield contributing characters. A high 

degree of significant variation was observed lbr all the characters studied except 

pericarp thickness and number of locules. I ligh heritability with high genetic advance 

as percent of mean was observed for fruit yield per plant and average fruit weight 

which could be improved by simple selection. 

,Al-Aysh ci al. (2012) reported that high heritability coupled with high genetic 

advance as percentage over mean were observed for number of primary branches per 

plant. number of fruits per plant. number of frtrits per cluster, average fruit weight and 

fruit yield per plant indicating that selection br these characters would give good 

response 

fasisa c/ at (2011) evaluated 23 varieties of tomato to estimate variability. 

heritability and genetic advance in yield and yield components. 111gb heritability 

values coupled with high genetic advance were observed in respect of seeds per fruit. 

fruits per plant. plant height and fruit cluster per plant. indicating selection for these 

traits would be most likely effective in tomato improvement. 

Pandit ci al. (2010) evaluated 12 varieties of tomato to estimate heritability and 

reported high heritability coupled with high genetic advance as percentage of mean 

for average fruit weight. indicating the control of such character by additive gene. 

They also found that high heritability coupled with low genetic advance as percentage 

of mean br rest of the characters except periearp thickness. indicating most of the 

characters were governed by non-additive genetic components. 
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Kumari and Subramanian (2007) reported that the estimates of heritability were high 

mr all characteristics and genetic advance was high for plant height. moderate fbi 

total number of fruit bearing branches, weight per fruit and days to maturity, while the 

remaining characteristics had low values of genetic advance. Ciolani c/ at (2007) 

evaluated 20 tomato genotypes and observed high heritability with high genotypic co-

efficient of variation and genetic gain for fruit weight, number of locules per fruit and 

fruit yield, which could be improved by simple selection. 

Mahesli et at (2006) estimated heritability and expected genetic advance in 30 

genotypes of tomato and observed that frtut weight. fruits per plant and plant height 

exhibited very high heritability values along with high genetic gain. It indicated the 

iniportance of considerable additive gene effects and therefore greater emphasis 

should be given on these characters while selection of the better genotypes in tomato. 

Singh et at (2005) estimated heritability and showed that heritability estimates were 

high for all the characters for November planting except for lycopene content. 

Shravan ci at (2004) estimated heritability for nincteen genotypes of tomato and 

observed high heritability for ascorbic acid content. average weight of fruits, number 

of leaves per plant. number of kettles per fruit, number of fruits per plant. leaf area 

and dry matter content. High estimates of heritability with high genetic advance was 

recorded in case of number of leaves per plant, average weight of fruit. number of 

fruits per plant and plant height, whereas high heritability with low genetic advance 

was recorded for number of locules per fruit, dry matter content. pericarp tluc&ness 

and yield per plant. 

Joshi ci at (2004) observed moderate heritability and moderate genetic gain for 

number of fruits per cluster, fruit length. fruit breadth, stem and scar size. number of 

locules per fruit, whole fruit firmness, ascorbic acid content and plant height 

indicating additive gene effects. Low heritability and low genetic gain was observed 

for pericarp thickness. Moderate heritability and low genetic gain for harvest duration 

suggests the presence of doniinance and epistatic effects. I ligh heritability combined 

with high genetic gain was observed for shelf lilè indicating additive gene action. 

Arun (2005) reported that moderate heritability associated with moderate genetic 

advance for plant height of 37 genotypes of tomato. Mohanty (2003) observed that 
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high heritability with high genolypic co-efficient of variation was for fruit weight. 

plant height, number of fruits, number of branches per plant. 

Singh ei al. (2002a) reported that heritability was high for all the characters except 

days front fruit setting to red ripe stage and the highest genetic advance was predicted 

for average fruit weight. Ibllowed by shell life of red ripe fruits. Matin ci at (2001) 

reported high degrees of heritability and genetic advance for fruits per plant, 

individual fruit weight and number of seeds per fruit. 

Brar ci at (2000) reported that number of fruits per plant. total yield per plant and 

marketable yield per plant had low to moderate estimates of heritability and genetic 

advance and number of marketable fruits per plant had high values ot heritability and 

genetic advance. 

Nessa ci at (2000) reported high heritability lbr number of fruits per plant. plant 

height and moderate heritability for yield per plant. Prasad et at (1999) estimated 

heritability lbr 75 exotic genotypes ol tomato and reported very high heritability along 

with high genetic advance by fruit weight. 

Vikrani and Kohli (199$) reported high heritability and genetic advance for mean fruit 

weight which suggested that improvement for this character should be fairly straight 

forward. 

Singh ci at (1997) estimated heritability and genetic advance in 23 genotypes of 

tomato. High values of heritability and genetic advance indicated that effective 

selection may be made for fruit weight. number of fruits per plant. Islant ci at (1996) 

studied heritability and genetic advance in 26 diverse genotypes of tomato. I ugh 

heritability and genetic advance was observed in number of' fruits per plant. plant 

height. fruit yield and individual fruit weight. 

Mittal ci at (1996) estimated heritability and genetic advance in 27 genotypes of 

tomato. High heritability associated with high genetic advance was observed by them 

indicating the character. predominantly tinder the control of additive gene. could be 

improved through selection. 
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Pujari ci at (1995) observed high heritability coupled with high genetic advance for 

number of fruits per plant. plant height and average fruit weight which indicated 

additive gene action.Aditya (1995) reported high heritability (in broad sense) with 

high genetic advance in percentage ol mean for number of fruits per plant, individual 

fruit weight and plant height. However. yield per plant showed moderate heritability 

and low genetic advance. 

Ciodekar ci at (1992) obtained high values of heritability along with high genetic 

advance by fruit weight. Reddy and Reddy (1992) studied heritability and genetic 

advance in 139 tomato varieties. I leritahility values ffir yield per plant, number of 

fruits per plant, average individual fruit weight were 97.99%. 95.96% and 98.46% 

respectively. 

l3ai and Dcvi (1991) evaluated Ave varieties and nine hybrids of tomato and 

heritability estimates of 90% were obtained for plant height. number of fruits per plant 

and individual fruit weight. Islam and Khan (1991) studied 12 tomato genotypes and 

reported heritability values were high Ibr most of the characters but moderate for days 

to I" llowenng, maturity and plant height. 

Kasrawi and Amr (1990) reported that plant height gave comparatively higher 

heritability estimates in a study of seven quality characters using h populations. 

Ahedin and Khan (1986) als..reported high values of heritability in broad sense and 

high genetic advance for plant height, number of Fruits per plant and individual fruit 

weight. 

Sonone ci ci. (1986) reported that heritability estimates for fruit number, plant height 

and individual fruit weight were high in tomato. They also reported high genetic 

advance (30%) was observed for fruit yield, plant height. individual fruit weight and 

number or fruits per plant. Estimates of high heritability and high genetic advance for 

number of fruits per plant. individual fruit weight and plant height indicated control 

by additive genetic effects. Mallik (1985) reported high genetic advance in plant 

height. number of fruits per plant and individual fruit weight and yield per plant but 

low heritability lbr yield per plant. Dudi ci at (1983) reported that heritability and 

genetic advance were high for number of fruits per plant and individual fruit weight 

and yield per plant. 
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2.3 Correlation coefficient: 

Correlation between the characters is an estimate to evaluate the inter-relationships 

between the characters which helps the breeders to choose selection techniques. In 

most cases, correlation between yield and yield contributing characters was studied as 

increased yield is one of the main targets of most of the breeders. Fruit yield of 

tomato is the final character which is contributed by a complex chain of interrelating 

effects of different yield contributing characters. The yield contributing characters are 

also intei-related among themselves. So, association of characteristics with yield and 

among its components is important lhr planning effective selective breeding 

programme for maximization ol'yield. Such correlation studies may vary due to agro-

climatologically variations from year to year. If any component of yield has higher 

heritability than yield itself and there is positive correlation between these, then there 

may be some possibility of increase in the total yield by selecting that component. 

But, negative correlation coefficient among yield components was generally observed 

indicating selection for an increase in any component might not bring improvement 

for yield. IMany authors have studied correlation between yield and yield contributing 

characters of tomato. Some pertinent recent literatures are reviewed in this section. 

Reddv ci aL (2013) were carried out an experiment to study correlation and path 

analysis in nineteen tomato genotypes (hr yield and quality characters. The 

association studies showed that fruit yield per plant was positively and significantly 

correlated with number of li'uits per plant and fruit width. However, fruit yield per 

plant was negatively and significantly correlated with days to last fruit harvest and 

shell life. 

Rani ci aL (2010) revealed that fruit weight. pericarp thickness, acidity, ascorbic acid 

and lycopene were positively and significantly associated with yield per plant. while 

number of fruits per plant was associated negatively. YaDong c. aL (2010) showed 

that the lycopene content is very significantly and positively correlated with single 

iniloreseence flower numbers, single infiorescence fruit nunihers and soluble solids 

content, but very significantly and negatively correlated with pedicel length and single 

fruit weight. They also reported that the lycopene content is significantly and 

positively correlated with fruit shape index, but significantly and negatively correlated 

with fruit firmness. flesh thickness. longitudinal diameter fruit. 
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Anitha c( al. (2007) reported that genotvpie correlations were higher than their 

corresponding phenotypie values and oxalate content showed significant positive 

correlation with seediness and it non-signiticaut positive correlation with lycopene. 

TSS and locule number. (iolani c/ii!. (2007) observed that fruit weight had signiFicant 

and positive correlation with fruit length. fruit girth and number of locules per fruit at 

loth levels. 

Wagh ci al. (2007) performed correlation analysis and observed that yield 

improvement can he achieved by selection for 50% flowering, plant heiiiht, number of 

fruits per plant along with fruit quality characters such as lycopene. beta -carotene. 

ascorbic acid and titratable acidity. 

Megha ci al. (2006) studied correlation in exotic tomato eultivars to determine the 

correlation of 26 tomato cultivars br number of Ilowers per cluster. Ilower clusters at 

First picking. number of fruits per cluster, weight per Fruit, yield per plant, total yield. 

total soluble solids and juice percentage observed that improvement in yield could he 

managed by selection for number of flowers per cluster, flower clusters at first 

picking, number of fruits per cluster and weight per Fruit. 

Manivannan ci al. (2005) carried out correlation coefficient analysis in cherry and 

observed that the phenotypic and genotypic correlation coefficient was the highest lbr 

the number of fruits per plant. fruit \\eight  and fruit yield. Fruit yield was significantly 

and positively correlated with the number oHeaves. fruit weight and juice content. 

Arun ci al. (2003) observed that yield per plant of tomato was positively and 

significantly correlated with average fruit weight and plant height 

Joshi ci al. (2004) performed correlation analysis of37 tomato genotypes and showed 

that yield per plant was positively and significantly correlated with average fruit 

weight, fruit length. plant height and harvest duration. The average Fruit weight was 

positively correlated with fruit length, fruit breadth, stem end scar size, pericarp 

thickness, whole fruit !irmness and shell life of the fruits. However, fruit weight was 

neuatively correlated with the number of fruits per plant. number of fruits per cluster 

and ascorbic acid content. 
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Kunmr ci at. (2004) performed correlation coefficient analysis o130 tomato genotypes 

and observed that number of fruits per plant had significant and positive correlation 

with fruit yield per plant. whereas fruit acidity had significant and positive correlation 

with number of locules per [lint. 

Singh et al. (2004) studied genetic parameters, inter-relationships and path co-

efficient in 92 tomato genotypes. l-lighly significant positive correlation was observed 

between the number of fruits per plant and yield and between plant height and number 

of fruits per plant while negative correlation was noticed between the number of 

primary branches per plant and number of fruits per plant. 

Kuniar et al. (2003) carried out correlation coefficient analysis of thirty diverse 

tomatoes and observed that the number of fruits per plant had significant and positive 

correlation with fruit yield per plant. whereas fruit acidity had significant and positive 

correlation with number of locules per fruit and average Irufi weight was significantly 

correlated with physiological weight loss. They also observed that correlation 

coeflicients at the genotypic level were generally higher than the corresponding 

phenotypic ones. They found that yield per plant was positively and signi [icanily 

associated with plant height. fruit number per plant. fruit shape index and pericarp 

thickness. 

Mohanty (2003) studied correlation coefficient analysis of IS tomato cultivars and 

reported that yield was significantly and positively correlated with number of fruits 

per plant and number of day to harvest, and significantly but negatively correlated 

with plant height, number of branches per plant and average fruit weight and the 

number of fruits per plant was inversely related to average fruit weight. He also 

reported that most early cultivars were small fruited and low vielders. 

Bodunde (2002) studied path coefficient analysis in tomato and reported that the 

number of leaves at flowering, plant height and fruit diameter directly affected yield 

and results showed that the 5 traits were directly responsible for the determination of 

yield in tomato. 

Ilarer ci at. (2002) studied correlation of thirty-seven tomato genotypes and showed 

that genotypic correlation was higher than phenotypic correlation for all characters 

examined. The number of fruits per cluster and number of fruits per plant were 
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significantly and positively con-elated with fruit yield per plant. whereas the number 

of primary branches per plant, fruit weight and ascorbic acid content had negative 

association with fruit yield. 

Nesgea etal. (2002) studied correlation coefficient analysis in 13 tomato genotypes 

and revealed that plant height. number of branches per plant. plant spread. l'rcsh plant 

weight. number of fruiting clusters, number of days to 50% flowering. number of 

fruits per cluster and number of fruits per plant should he considered for the 

enhancement of the yield of tomato. 

Singh etal. (2002) showed that total yield was significantly and positively correlated 

with marketable yield, average fruit weight, and days from fruit setting to red ripe 

stage. 'l'hey also reported that the phenotypic coefficient of variation was the largest 

(kr fruit length. number of fruits per plant. plant height, fruit weight per plant. fruit 

yield and number of fruit clusters per plant and moderate for number of fruits per 

cluster, number of' primary branches per plant, fruit diameter and total soluble solid 

content. 

Susie ci at (2002) showed that a significant negative correlation was between mean 

fruit mass and number of fruits per plant and a signiticant positive correlation was 

lound between fruit length and fruit width. The number of locules per fruit was 

significantly and positively correlated with fruit weight, fruit length. fruit width and 

number of fruits per plant. Tiwari (2002) observed that the highest positive and 

significant association was between the yield and length of fruit. At the genotypic 

level, the highest positive association was observed between the yield and length of 

fruit. 

Rhushana ci al. (2001) studied correlation co- efficient in sixty genotypes of tomato 

and observed a positive and significant correlation between fruit yield per plant and 

total soluble solids, ascorbic acid. pH and titratable acidity and a positive and 

significant correlation was recorded among rind thickness, ascorbic acid and pH. 

They also observed similar association between total soluble solids and ascorbic acid, 

and between titratable acidity and p11. 
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Matin et al. (2001) studied phenotypic and genotypic correlations of 13 qualitative 

and quantitative characters of 26 genotypes of tomato and found that individual fruit 

weight had significant positive correlations with plant height and yield per plant. They 

also reported that number of fruits per plant also had significant positive correlations 

with fruit dry matter content and Ebund significant negative correlations between 

number frtcits per plant and individual fruit weight: and dry matter was negatively 

correlated with individual fruit weight. 

Prasad et at (1999) observed very high and significant positive correlation co-

eflicient were between yield and fruit weight. Das ci at (1998) studied correlation co-

efficient in fruit characters of tomato. They observed significant positive correlation 

of fruit yield per plant with number of fruits per plant. 

Aditya (1995) studied phenotypic and genotypic correlation co-efficient to find out 

(he associations between eight characters of44 genotypes of tomato. She reported that 

yield of frtuts per plant showed significant positive correlations with plant height and 

number of fruits per plant: and insignificant positive correlation with weight of 

individual fruit (phenotypically) and number of seeds per fruit. Islam and Khan 

(1991) observed high positive phenotypic and genotvpie correlation with individual 

fruit weight, fruits per plant. plant height and days to flowering on yield. 

Abedin and Khan (1986) studied correlation of 20 eultivars of tomato and ftund that 

yield per plant was negatively correlated with number of fruits per plant but positively 

and significantly correlated with individual fruit weight and plant height. 

Mallik (1985) studied phenotypic and genotypic correlations in an experiment with 

19 varieties. ./liiies of tomato and observed that individual fruit weight had positive 

significant correlations with plant height and yield. 

Alvarez and Torres (1983) studied correlation between ten characters including yield 

in 34 varieties/lines of tomato and observed positive correlation between yield and 

plant height. yield and irtut number per plant also. All three were positively correlated 

with each other and negatively correlated with weight. 
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2.4 Path coefficient: 

Path coefficient is a standard tool which measures the direct influence of one 

character upon another and permits the separation of correlation co-efficient into 

components of' direct and indirect effects. Path coefficient between yield and yield 

contributing characters provides an exact picture of the relative importance of direct 

and indirect influences of each other component characters on fruit yield. Path 

analysis. thereibre. isa useful tool for understanding yield except chain of relationship 

between yield and yield contributing characters. It also provides valuable additional 

information for improvinu fruit yield via selection for its yield components. Recent 

publications involving path co-efficient analysis between yield and components of 

yield relevant to the present study are reviewed in this section. 

Reddy ci at (2013) were carried out -,in experiment to study correlation and path 

analysis in nineteen toniato genotypes for yield and quality characters. Path analysis 

studies depict the cause and elkct relationship revealed that plant height. number of 

fruits per plant, fruit length. fruit width and ascorbic acid had high positive direct 

effects on fruit yield per plant. I knee. direct selection for these traits is done for 

improving fruit yield per plant. Rani ci at (2010) conducted a field experiment to 

study path coeflietent for yield components and quality traits in 23 hybrids ol' tomato 

and exhibited that fruit weight had the highest positive direct effect on yield per plant. 

while. fruit weight was also having high positive indirect effect on yield per plant. 

Anitha ci at (2007) performed path analysis and revealed that oxalates. acidity, 

ascorbic acid and 'l•SS had positive and high direct effects on lycopenc. (jolani ci at 

(2007) perfbrnicd path analysis and confirmed that the 10-fruit weight had the highest 

positive direct effect, followed by the number of locules per fruit. Manivannan ci at 

(2005) carried out path coefficient analysis in cherry tomato and showed that fruit 

weight had the highest direct effect on fruit yield. 

Mayavel ci at (2005) reported that number of branches per plant had the highest 

positive direct effect on fruit yield. Whereas, plant height. number of fruits per 

cluster, number of fruits per plants and number of locules per fruit had negative direct 

eilècts on fruit yield. 
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Arun e/ ci (2003) revealed that the number of fruits per plant is the most important 

yield contributing character followed by plant height through path coefficient 

analysis. Joshi n at (2004) carried out path coefficient analysis and showed that the 

number of fruits per plant is the most important yield contributing trait followed by 

fruit length. fruit breadth and plant height. 

Singh c/ti!. (2004) perlbrmed path analysis between yield and yield contributing 

characters of 92 tomato genotypes and reported that number of fruits per plant exerted 

the high positive direct efJëct on yield followed by average weight per fruit. nunther 

of primary branches per plant, plant height. days to 50% flowering, number of' fruits 

per cluster and days to first fruit harvest. 1-lowever. days to first fruit set. number of 

primary branches per plant. plant height. number of fruit clusters per plant and total 

soluble solids had direct negative effects on yield. 

Kumar el cit (2003) performed path analysis of thirty diverse tomato genotypes and 

indicated that fruit number per plant had the highest positive direct effect on yield per 

plant followed by average fruit weight. Mohanty (2003) conducted a field experiment 

to study path coefficient analysis of 18 tomato cultivars and observed that the number 

of fruits per plant and average fruit weight had positive direct effects on the yield and 

negative indirect effects on each other. 

l3odundc (2002) carried out a field experiment on path coefficient analysis and 

observed that the number of leaves at flowering, plant height and fruit diameter 

directly affected yield. Results showed that the 5 traits (number of leaves at first 

flowering, plant height at first harvest, fruit length. fruit diameter and days to 

maturity) were directly responsible (or the detennination of yield in tomato. 

I larer ci at (2002) carried out a field experiment to study path analysis of thirty-seven 

tomato genotypes and reported that number of fruits per cluster: average fruit weight 

and number of ('nuts per plant had direct maximum effects on fruit yield. Mohanty 

(2002) perün'med path analysis and showed that the number of branches per plant and 

average fruit weight exerted high positive direct effect on yield and high positive 

indirect effect with each other. 

Padnia ci at (2002) performed path analysis and revealed that number of branches. 

dry matter production, fruit weight. fruit length. fruit volume. ISS content, juice 
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percentage. and number of fruits per plant exhibited positive effect on yield per plant 

at the genotype and phenotypie levels. Matin ci aL (2001) observed that the 

maximum direct contribution towards yield was through individual fruit weight 

followed by number Of fruits per plant. lie also reported that days to first flowering. 

plant height and number of seeds per fruit had negative direct efiëct on yield per 

plant. 

Verma and Sarnaik (2000) conducted a field experiment to perlonn path analysis of 

yield components in thirty tomato genotypes and observed that total number of fruits 

per plant, average weight of fruit. thousand seed weight and number of branches per 

plant exhibited positive as well as high direct effects. Vikram and Kohli (1998) 

carried out in experiment with 25 genotypes of tomato and accomplished path co-

efficient analysis and revealed that mean fruit weight is the most important yield 

contributing trait following fruits per plant. 

Aditya (1995) carried out genotypic and phenotypic path co-efficient analysis and 

revealed that plant height and number of fruits per plant had high positive direct elThct 

on yield and on the other hand. weight of individual fruit had positive indirect effect 

on yield per plant. MeGiffen ci al. (1994) revealed that number of fruits was the most 

important yield component which had direct effect on yield. 

Supe and Kale (1992) studied correlation and path analysis of seven different 

characters of twelve indigenous varieties of tomato and observed that plant height had 

negative direct effect on yield per plant though its correlation co-efficient with yield 

was positive. 

Islam and Khan (1991) observed that fruits per plant, average fruit weight. plant 

height and days to first flowering had positive direct effects on yield of tomato. Alum 

ci iii. (1988) studied path coefficient in 19 cultivars of tomato and found that 

maximum direct contribution towards yield was through individual fruit weight 

Ibliowed by number of fruits per plant. 

(Jomez (1987) reported that days to first flowering has negative direct effect on yield 

of tomato. Sonone ci ci. (1986) reported highest direct effect of plant height and fruit 

weight on fruit yield of tomato. 
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Gorhateriko and Ciorbatenko (1985) carried out pail) coefficient analysis of 

economically useful characters of tomato and found that individual fruit weight had 

an appreciable direct effect on yield per plant. Dudi and KaIloo (1982) studied path 

analysis in tomato and reported highest direct effects of early yield per plant. fruit 

weight and fruits per plant. 

2.5 Genetic diversity 

The assessment of genetic diversity using quantitative traits has been of prime 

importance in many contexts particularly in differentiating well defined populations. 

The gcrmplasm in a sell- pollinated crop can be considered as a heterogeneous set of 

groups. since each group being honiozygous within itselil Selecting the parents for 

breeding program for such crops is critical because, the success of such program 

depends upon the seggregants of hybrid derivatives between the parents. particularly 

when the aim is to improve the quantitative characters like yield. To help the breeder 

in the process of identifying the parents. that need better, several methods of 

divergence analysis based on quantitative traits have been proposed to suit various 

objectives. Among them. Mahalanohis's generalized distance occupies a unique place 

and an efficient method to gauge the extent of diversity among genotypes, which 

quantify the differences among several quantitative traits. In crop iniproveiflent 

program, genetic divergence has been considered as an important parameter to 

identify most diverse parents for obtaining highly heterotic F1  generation through 

selection. Many scientists have studied genetic divergence of tomato on the basis of 

Mahalanobis's D2  —statistic based on multivariate analysis. Among them most 

relevant recent publications are reviewed below: 

Meena and I3ahadur (2013) were carried out an experiment at Vegetable Research 

Farm. Department of Horticulture. SI hATS and Allahabad during 2012-13 .All the 

genotypes were grouped into six clusters based on D2  values. which exhibited no 

association between geographical and genetic divergence. The intra-cluster distance 

was maximum for cluster V (10192.68) and mminlum for cluster Ill (0.0). The 

maximum distance at inter-cluster level was between cluster Ill and cluster Vi 

(47922.37) followed by clusters I and VI (44098.14) which may serve as a potential 

stocks of genotypes for hybridization programme. 
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Shashikanth ci at (2010) carried out a field experiment to study genetic divergence of 

30 tomato genotypes and observed that analysis of variance of the genotypes were 

signilieantiv difThrcnt for all the characters studied indicating the existence of 

gcnotypic variation: there was no parallelism between genetic diversity and 

geographical divergence in tomato and suggested that high diversity among the 

genotypes belonging to cluster VII and X can be selected in hybridization programs to 

obtain good seggregants. 

Mahesh et at (2006) grouped 30 tomato genotypes into nine clusters studied based on 

D2  analysis. The cluster mean indicating that days to 50% flowering, plant height. 

number of branches per plant, number of cluster per plant, number of fruits per cluster 

and fruits yield per plant were reported as chielcontrihutors towards divergence. 

Sharma ci a! (2006) conducted an experiment with 60 genotypes of tomato genetic 

2. divergence. The genotypes grouped into IC) clusters, maximum divergence within a 

c/ C/ cluster was exhibited by the cluster VIII (1513). closely Ibllowed by cluster 111 

(1.528) and cluster V (1,460). whereas, cluster VIII and II were the most divergent 

from each other followed by cluster VII and cluster VIII. 

Veershetty (2004) grouped 32 tomato genotypes into 10 clusters based on 02  analysis. 

Number of fruits per cluster, plant height, number of branches. pericarp thickness. 

average fruit weight and 1'SS content of fruit were reported as chief contributors 

towards divergence. 

Arun ci at (2003) studied the nature and magnitude of genetic divergence in 73 

tomato genotypes of difibrent origin for quantitative characters and grouped the 

genotypes into 15 clusters indicated the presence of wide range of genetic diversity 

among the genotypes in cluster 5 having 6 genotypes. The mean fruits yield per plant 

(1034 g/plant) and average fruit weight (102.76 g!plant) were the highest in cluster 5 

and 3 respectively. The plant height (135.91 cm). harvest duration (37.77 clays) were 

maximum in cluster 15 and the lowest number of leaves (20280) was recorded in 

cluster 9 and cluster 6 consisted of the highest number of fruits per cluster (4.90). 

Markovic c/ at (2002) studied genetic divergence of 25 entirely reward eultivars and 

local populations of tomato originating from the area of the fumier Yugoslavia and 
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recorded the presence of a higher degree of genetic divergence in different genotypes 

consisting of 5 clusters. 

Dhannatti el at (2001) carried out a field experiment in Dhanvad. Kamataka. India 

during 1994-95 to assess genetic diversity in a population of 402 toniato lines by 

using niultivariate analysis based on plant height. number of branches. number of 

cluster per plant. fruits per cluster, number of fruits per plant, yield per plant. 

incidence of tomato curl viruses and number of white flies per plant. The),  grouped 

the lines into 4 clusters based on the similarities of D2  values. Cluster —I was the 

biggest having 217 genotypes. which also consisted of commercial lol CV and 

cluster —Il and IV had 99 and 35 genotypes respectively. Considerable diversity 

within and between cluster was noticed. 

Mohanty and Prusti (2001) carried out a study on genetic diversity among 1$ 

indigenous and exotic tomato cultivars br five economic characters (plant height. 

number of branches. number of fruits per plant. average fruit weight and yield per 

plant) in Orissa. India during rabi 1998-99 and found considerable variations among 

the accessions. They could group the genotypes into 5 clusters indicating two solitary 

groups and reported that genetic diversity was not associated with gcographical 

distribution. Maximum inter cluster distance (D2' 1289.31) was observed between the 

cluster I and V . The distance between cluster I and Ill. III and IV. IV and V was 

moderate. They also reported that number of fruits per plant and average frttit weight 

contributed predominantly towards the total divergence. 

Sharma and Verma (2001) studied genetic divergence of 18 genotypes of tomato and 

grouped them into 5 clusters irrespective or geographic divergence indicating no 

parallelism between genetic diversity and geographical divergence. Fruit yield was 

one of the three characters which played an important role in divergence between the 

populations. Kuniar and Tewari (1999) studied genetic divergence of 32 tomato 

genotypes and could group them into 9 clusters based on D2  values. The magnitude of 

inter cluster distance was comparatively lower than that of inter cluster distances. 

Rai dot (1998) studied 37 tomato genotypes and could able to group them into four 

clusters using a non-hierarchical clustering approach with the help of Mahalanobiss 

D2  —statistic for yield and yield contributing characters. The population was grouped 

into 4 clusters. [he clustering pattern indicates that there was no association between 
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geographical distribution of genotype and genetic divergence characters namely 

number of primary branches, days to first flowering, plant height and average fruit 

weight contributed to maximum divergence. Patil (1984) grouped 55 tomato 

genotypes into nine clusters studied based on D2  analysis. A maximum of 16 

genotypes entered cluster I, followed by 15 in cluster IV, 9 in cluster III, 7 in cluster 

11,4 in cluster V and remaining four clusters consisted of solitary genotype. 
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CHAPTER I I I 

METERIALS AND METHODS 

An experiment was conducted at the experimental field of Sher-e-Rangla Agricultural 

University. Dhaka. Bangladesh during the period from November 2013 to April 2014 

to select short durated and high yielding genotypes of tomato (5'olanwn lvcoperswum 

L.). A brief description about the location of the experimental site, characteristics of 

soil, climate, materials, layout and design of the experiment. land preparation, 

manuring and fertilizer, transplanting of seedlings, intercultural operations. 

harvesting, data recording procedure. economic and statistical analysis etc. are 

presented as follows: 

3.1 Experimental site 

The research work was conducted at the Sher-e-Rangla Agricultural University lhrrn. 

Dhaka. Bangladesh during the period from November 2013 to April 2014. 

3.2 Geographical Location 

The experimental area was situated at 23°77'N latitude and 90°33'IT longitude at an 

altitude of 8.6 meter above the sea level. The experimental field belongs to the Agro-

ecological zone of "The Modhupur Tract". AEZ-28. Ibis was a region of complex 

relief and soils developed over the Modhupur clay, where tloodplain sediments buried 

the dissected edges of the Modhupur Tract leaving small hillocks of red soils as 

'islands' surrounded by floodplain. The experimental site was shown in the map of 

AEZ of Bangladesh (Appendix 1). 

3.3 Climate 

Area has subtropical climate, characterized by high temperature. high relative 

humidity and heavy rainthll in Kharif season (April-September) and scanty rainl'all 

associated with moderately low temperature during the RaN season (October-March). 

Weather inlhrination regarding temperature, relative humidity. rainfiill and sunshine 

hours prevailed at the experimental site during the study period was presented 

(Appendix II). 
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3.4 Characteristics of soil 

Soil of the experimental site belongs to the general soil type. shallow red brown 

terrace soils under Tejgaon series. Top soils were clay loam in texture. olive-gray 

with common line to medium distinct dark yellowish brown mottles. Soil p1-I ranged 

from 6.0-6.6 and had organic matter 0.841/o. Experimental area was flat having 

available irrigation and drainage system and above flood level. Soil samples from 0-

15cm depths were collected from experimental held. The analyses were done by Soil 

Resource and Development Institute (SRDI). Dhaka. Physiocheniical properties of the 

soil are presented (Appendix Ill). 

3.5 Planting materials 

Twenty one (2 I) genotypes of tomato were used for the present research work. 

Among these genotypes three land races. seven popular varieties, eleven advanced 

lines were included. 'l'lie genetically pure and physically healthy seeds of these 

genotypes were collected from Plant Genetic Resources Centre (PCIRC) of' 

Bangladesh Agricultural Research Institute (BAR!). Gazipur and land races were 

collected from farmer's field. The name and origin of these genotypes are presented in 

Table!. 
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Table 1. Name and origin of twenty one tomato genotypes used in the present 
study 

Genotypes Narne/Aec No. Origin 

No. (BD) 

01 Local Jessore-2 Farmer's field 

02 Local jessore-3 Farmer's field 

(13 BARI Tomato-7 PGRC. BARI 

(34 BARI Tomato-9 PGRC. BARI 

05 BD-7281 PGRC. BARI 

(16 Local Kushtia-I Farmer's field 

(37 BARI Tomato-I 5 PORC. BARI 

OS BD-9960 PGRC, BAR! 

09 BD-7289 PGItC. BAR! 

010 BD-7279 PGRC. BARI 

(Il I 130-7290 PGRC. BARI 

012 BARI Tomato-S PGRC. BARI 

013 BARI Tomato-3 PGRC. I3ARI 

014 BD-10321 PGRC. BARI 

(315 BD-7762 PGRC. BARI 

(316 13D-7276 PGRC. BAR.! 

017 BD-7748 PGRC. BARI 

018 BARI I lyhrid-4 PGRC. BARI 

(319 13l)-7285 I 	I'CiRC. BARI 

020 	 BAR! lomato-1 I 	 PGRC, BARI 

PGRC. BARI 

L 	021 BD-9011 

 
Here. P(IRC Plant (ienet

-  

ic Research Centre. BARI l3angladcsh Agricultur2 

Research Institute. 
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3.6 Design and layout of the experiment 

The study was laid out in Randomized Complete Block Design (RCBI)) with three 

replications. The plot size was 195 in2  (I 3m xl Sm). A distance of 1 in from block to 

block. 60 cm from row to row and 50 cm from plant to plant was maintained. The 

genotypes were randomly distributed to each row within each line. 

ISm 

13m 

RI; 	 R2 	 RI 

17 

Im 

iS 

Im 
I 	I-- 

21 

-- 20 21 21 

20 19 - 19 

18 

17 	- 
19 
18 	- 

20 

- 	17 

1 10 16 

15 

10 	-- 

L 	16 

5 15 

11 14 

8 13 

5 13 12 

13 14 

10 4 
4 

16 

14 

8 

7 

_ 
9 

8 

6 7 

6 

5 

4 

- 	3 

2 

- 	3 

2 

4 

15 

I 

12 3 

- II - 12 

'V 

Sc: 

Total Area 
(I 3mxl Sm) 

=195 1112  

Plant to Plant 
distance 

=50cm 

Row to Row 

distance 

-'60 cm 

Figure I. Showing the layout of the experimental plot 
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3.7 Seedhed preparation and raising seedling 

The seeds were sown on 13 November 2013 in the seedbed. Seedlings of all 

genotypes were raised in seedheds in the farm of Sher-e-Bangla Agricultural 

Lriversity. Dhaka-1207. Recommended cultural practices were taken up before and 

after sowinu the seeds. When the seedlings become 25 days old: those were 

transplanted into the main field. 

3.8 Land preparation 

The experimental plot was prepared by several ploughing and cross ploughing 

Ibllowed by laddering and harrowing with tractor and power tiller to bring about good 

tilth in the last week of November 2013. \Veeds and other stubbles were removed 

carefully from the experimental plot and leveled properly. 

3.9 Manure and fertilizer application 

lotal eowdung and triple super phosphate (TSP) were applied in the main field during 

final Land preparation. I lall' urea and hall muriate of potash (MOP) were applied in the 

plot alter three weeks of transplanting. Remaining urea and half muriate of potash 

(MOP) were applied in the plot after five weeks of transplanting. Doses of manure 

and fertilizers used in the study are showing in Table 2. 

Table 2. Doses of manure and fertilizers used in the study 

SI. No. 	Name of the fertilizer 	 Dose 

Applied in the plot 	Quantity/ha 

01 	Urea 	 12kg 	 550 kg 	- 

02 	I TSP 	 I 10kg 	 1450kg 

03 	IMP 	 17kg 	 1250kg 

04 	1 Cow dung - 	200 kg 	 1 10  ton 
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3.10 Transplanting of seedlings into the main field 

The seedlings were raised in the seedbed in usual way and 25 days old seedlings were 

transplanted in the main field on 8 December. 2013. The transplanted seedlings were 

watered regularly for the lhster establishment in the soil. 

3.11 Intercultural operation 

When the seedlings were well established. 
1St  mulching and weeding were done 

unifoniily in all the plots. 211d  weeding was done after 20 days of the first one. 

Mechanical support was provided to the growing plants with bamboo sticks to keel) 

them erect. During early stages of growth. pruning was done by removing some 

leaves to allow the plants to get more sunlight and to reduce the self-shading and 

incidence of increased insect infestation. 

3.11.1 Thinning and gap filling 

When the seedlings were well established, the soil around the base of each seedling 

was pulverized. A few gaps tilling was done with healthy seedlings of the same stock 

where initial planted seedlings failed to survive. Thinning was done for the proper 

deveLopment and avoid crowd environment. 

3.11.2 Staking 

When the plants were well established, staking was done using bamboo sticks to keep 

the plan erect. 

3.11.3 Weeding and mulching 

Weeding and mulching were done as per requirement. At the very first stage weeding 

was done for case of aeration and less competition seedling growth and mulch was 

provided after an irrigation to pr'vern crust formation and facilitate good aeration. 

3.11.4 Irrigation and after care 

Atier transplanting the seedlings were properly irrigated for 3 consecutive days. Ihen 

flood irrigation was given to the plants after each top dressing of urea. Final irrigation 

was given during active fruiting stage. 
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3.11.5 Pesticide application 

During the cropping period, there was no significant pest infestation in the field, 

hence no control measure was undertaken. In order to prevent disease infestation. 

i(ipcord IOEC' was used for 6 times at an interval of 7 days from 06 January to IL 

February 2014. There were different types of weeds which were controlled elleetively 

by hand weeding.  

3.12 Harvesting 

Harvesting continued for about one and half month because fruits of different lines 

matured progressively at different dates and over long time. Fruits were picked on the 

basis of maturity, size. color and age being determined for the purpose of 

consumption as the fruit grew rapidly and soon get beyond the marketable stage. 

Frequent picking was done throughout the harvesting period. Harvesting was started 

from 04 March to 20 April, 2014. The fruits per entry were allowed to ripe and then 

seeds were collected for future use. Photograph showing one replication view of the 

experimental field in Plate 1. a single tomato plant in the experimental field in Plate 2. 

a tomato plant with flower in Plate 3 and a tomato plant with a cluster of tomatoes in 

Plate 4. 
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3.13 Data recording 

Three plants in each line were selected randomly and were tagged. These tagged 

plants were used for recording observation tbr the following characters. 

3.13.1 Plant height (cm) 

The plant height was measured from ground level to tip of the plant expressed in 

centimeters and nwan was computed. 

3.13.2 Primary branches per plant 

The number of branches arising from the main stem above the ground was recorded. 

3.13.3 Secondary branches per plant 

The number of branches arising from the primary branches was recorded. 

3.13.4 Number of flower per cluster 

Three clusters in each plant were taken at random and the number of flowers in each 

cluster was counted. Then the average number of flowers per cluster was calculated. 

3.13.5 Number of fruit per cluster 

Three clusters in each plant were taken at random and the number of fruits in each 

cluster was counted. then the average number of fruits per cluster was calculated. 

3.13.6 Days to first flowering 

the number of days was counted from the date of sowing to days to first flowering. 

3.13.7 Days to 50 percent flowering 

The number of days was counted from the date of sowing to 50 percent of plants 

flowered. 

3.13.8 Days to maturity 

The number of days was counted from the date of sowing to days to first harvesting. 

MA 



3.13.9 Number of fruits per plant 

The total number of marketable fruits harvested from the three plants was counted and 

the average number of fruits per plant was calculated. 

3.13.10 Average fruit weight (g) 

The total number of marketable fruits was weighed and the fruit weight was worked 

out and expressed in grams (g). 

3.13.11. Fruit length (mm) 

It was measured from stalk end to blossom end by using slide calipers. 

313.12. Fruit diameter (mm) 

It was measured from fruit breadth at highest bulged portion of the fruit by using slide 

calipers. 

3.13.13. Fruit yield per plant (kg) 

The weight of fruits from each picking was recorded from the three labeLed plant of 

each line of each experimental plot. Total yield per plant was worked out by adding 

yield of all harvests and was expressed in kilogram (kg) per plant. 
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3.14.1 Statistical analysis: 

Mean data of the characters were subjected to mulcivariate analysis. Univariate 

analysis of the individual charactcr was done for all characters tinder study using the 

mean values (Singh and Chaudhary. 1985) and was estimated using MSTAT-C 

computer programme. Duncan's Multiple Range Test (DMRT) was performed for all 

the characters to test the differences between the means of the genotypes. Mean, range 

and co-efficient of variation ((.V%) were also estimated using MSI'AT-C. 

Multivariate analysis was done by computer using GENSTAT 5.13 and Microsoft 

Excel 2000 software through four techniques viz.. Principal Component Analysis 

(PC.A). Principal Coordinate Analysis (PCO). Cluster Analysis (CA) and Canonical 

\ector Analysis (CVA). 

3.14.1.1 Estimation of genotypic and phenotypic variances 

Cienotypic and phenotypie variances were estimated according to the formula given 

by Johnson c/ aL (1955). 

Genotypic variance (ag) 
= CMS—EMS 

 r 

Where. 

GMS 	Cienotypic mean sum of 

square 

EMS = Error mean sum of square 

r 	number of replications 

Phenotypic variance (a2ph) r 	+ EMS 

(Yg - Cienotypic variance 

EMS 	Error mean sum of square 
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3.14.1.2 Estimation of genotypic and phenotypic coefficient of 

variation 

(Jenotypic and phenotypic coefficient ol variation were calculated by the ihrmula 

suggested by Burton (1952) 

I-,  
-. 	 ... 	va_u Gcnoty pie coefficient.ol

.  variation (GCV %) - 	x 100 
x 

Where, 

= Genotypic variance 

= Population mean 

Similarly. 

The phenotypic coefficient of variation was calculated from the Ibilowing formula. 

__ - 
Phenotypic coefficient variation (PCV) - 	- 	x 100 

x 

Where, 

0 pr Phenotypic variance 

x = Population mean 

3.14.1.3 Estimation of heritability 

Broad sense heritability was estimated 
suggested by Johnson c/al. (1955). 

h2  ,% 	>' 100 
c_ ,,i, 

(Lush. 1943) by the following ibrmula. 

Where. 
b = Heritability in broad sense 

Genotypie variance 
= Phenotypic variance 
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3.14.1.4 Estimation of genetic advance 

The expected genetic advance for dilièrent characters tinder selection was estiniated 

usingthe formula suggested by Lush (1943) and Johnson es aL (1955). 

Genetic advance ((3A) = K. h. Cpu 

CiA = K. 
(T_ pb 

Where. 

K= Selection intensity, the value which is 2.06 at 5% selection 

intensity 

CYph = Phcnotypie standard deviation 

Heritability in broad sense 

Genotypic variance 

"puu = Phenotypic variance 

3.14.1.5 Estimation of genetic advance mean's percentage 

Genetic advance as percentage of mean was calculated from the following formula as 

proposed by Comstock and Robinson (1952): 

Genetic Advance 

Genetic advance (% ol mean) - 
Population mean (x) 

3.14.2 Estimation of simple correlation coefficient: 

Simple correhition coefficient (r) was estimated with the Ibllowing formula (Clarke. 

1973; Singh and Chaudhary, 1985). 

N 

x2 - ( X x)2 
E Y 2 - 

Al N 

Where, E = Summation 

x andy are the two variables correlated 

N = Number of observations 
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3.14.2.1 Estimation of genotypic and phenotypic correlation 
coefficient 

For calculating the genotypic and phenotypic correlation coefficient For all possible 

combinations the formula suggested by Johnson ci aL (1955) and Hanson ci aL (1956) 

were adopted. 

The genotypic co-variance component between two traits and have the phenotypic co-

variance component were derived in the same way as for the corresponding variance 

components. The covariance components were used to compute genotypic and 

phenotypic correlation between the pairs oicharaeters as follows: 

(ienotypic correlation (rg..) = GC.VVvv 	

\t (cY2gxC32gy) 

Where 

cr 	_Genotypic covariance between the traits x andy 

G20Oenotypic variance of the trait x 

- Genotypic variance of die trait y 

- Phenotypic correlation (r) = _ ________ - 

CY 2) 

Where. 

Phenotypic covariance between the traits x and y 

- Phenotypic variance of the trait x 

a2 . = Phenotypic variance of the trait y 
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3.14.3 Estimation of path coefficient 

Path coeFficient analysis was done according to the procedure employed by Dewey 

and Lu (1959) also quoted in Singh and Chaudhary (1985). using phenotypic 

correlation coefficient values. In path analysis, correlation coefficients between yield 

and yield contributing characters were partitioned into direct and indirect eflècts on 

grain yield. In order to estimate direct and indirect effects of the correlated characters. 

I. e. I. 2.. ................... and 13 on yield y. a set of simultaneous equations (eight 

equations in this example) is required to be formulated as shown below: 

riy= ru 1'1> 4- r17 P2  + 1H P3, 4  r1• 4 P4, + r1 5  Ps + tin Pt-,, 	117 P7 v  - rj.R P8 . 

-+ tic Pc t  ti.uol't.y 	r111 P1  1 + 11.12 P124  

t2v =  rLlPI. + F2 fr27  P3. 	r2.4 P4>- 1175 P5ç  + r2,6 Po.y -I-  177 P7>  + r2x 

r2joPlo.y ±r, iu  Pi u 	1)12 Ph, 

13.v r13 P1  + n3 P2, + P3., 1- r P44  r3$ Psy + r3 , P6  + rj P7. 1 138 P$ y" r3 q '0.v 

+ r; ioPio 1 1̀ 31 i Pit> + r3.12 P12 

t4. 	ri.4 P1  F r2.1 P2  + r34 P3.>  + P.1. I + r41.5 P5. 	r4.6 P6  ' t47 P,, 	r45  P8 .,+ 

P9 	- r4i0P10, 	4.I I P1  I.. + r417 P12.y 

Is 	115 P1. 4-  r N + rj s P3 ± r4s P.1.,. + P5. 9-  r56 P 	+ r57 P,., 	r58 P8 -I- 15•  119, 

+ rsioPio. + rs.t I 1)1 i.y 	T5.12 1)I2.y 

16.y' 116 P., + F2M 12 >  -F r3 6 P 	+ 46 P. + ri.6 P> 9- Poy 1767 	ros Ps. I- r, 9Th,., 

+ rninPio, 	16.11 P1  is + r6 I2 

r,. 	r1 Pl.y+ r2,P1 ± 117 P3 , + r4,7 P.1>  + rs, P55  4- 167 P6  + P7  + r73 P$.-'-  r79 

+ r710P10  + r7 II  P11 .>  -1 r717 P1 2, 

= ris 1)1 4-  ft8 P2. - + 13$ P3, + r., 8 4., 	r5.s P<, -I-  rx P4 ..- + r7.4 P,.. + rg 8P8  1 

r5 Q P0 v 	 ii P1 , + r1 P1  

rç -  rij Pi )  F9 P2 - r3 9  P3 4  149 P4  + rsç Pc,. -I- 169 P6 , + r79  P7. I rg9 P y  

P9., T 19 10P 	+ ru iiI I.y 	rq 12 Pi2.s 

r • y 	r1,10 "N -  f noP?v  ± 	P3., -I- r.1 in P45 	r5. P5. 	r6 ii &.y + 17.10 Pi.y - r8  ; 

+ F9 ID P9. + P(J>  + rio ii i  ty t r101 Pus 

r11,r11i P1 +r211 P2 	I r311 P3,+r4ii P.i + rs it  Pc,. 4- roti P6 ±1 7̀11  P, >  I- rsi 

P 	+r9 ii P' 	-I r10, II 1110.>  + P11.) 1- 11112 P 12.y 

112> 	r1  12  P14 	1222 P2.>  •I 1312 PlY + 1412 P4,v 1-  r5 12 P5., + r&.0 P65  t-  r7 12  P7 > 	1812 

P,, +1917 Pc.> + r10.12 P105  + r, 1.12  Pi Ly r  Pus 
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Where, 

Genotypic correlation coefficients between y and i th character (y 

Grain yield) 

Ph 	Path coefficient due to i th character (i= 1. 2. 3............13) 

Plant Height 

2 = Primary branches per plant 

3= Secondary branches per plant 

4 	Number of flower per cluster 

5= Number of fruit per cluster 

6-' Days to first flowering 

7= Days to 50% flowering 

8' Days to maturity 

9- Number of fruits per plant 

10= Average fruit weight (g) 

11 = Fruit length (mm) 

Fruit diameter (mm) 

Fruit yield per plant 

Total conelation. say between I and y I. e., ny is thus partitioned as fbllows: 

r1,Pi- the direct effect of I on y 

r12 	indirect effect of I via 2011 y 

II; P; = indirect effect of I via 3 on y 

r14  F31 indirect effect of I via 4 on y 

rI.5 P5 = indirect elièet of I via 5 on )•' 

r1 ,6 	= indirect effect of I via 6 on y 

r1.7 P7. - indirect effect of I via 7 on y 

r1 8  Ps., = indirect effect of I via 8 on y 

r19  P9 	indirect effect of 1 via 9 on y 

rib Pies = indirect eflèct of 1 via 10 on y 

r 1.1 1 P1 \ = indirect effect of I via 11 on y 

r112 P12. = indirect effect of I via 12 on y 
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Where. 

Pi 	P21  P3w . P - Path coefficient of the independent variables 1.2, 

3............ 12 on the dependent variable y. 

respectively. 

fly. ..............r12• 	Correlation coefficient of 1. 2, 3............ 12 

with Y. respectively. 

After calculating the direct and indirect eiThct of the characters, residual elket (R) 

was calculated by using the formula given below (Siagh and Chaudhary. 1985) 

- I- (r1 Pi 	r2 ,P, 	- .................+ rj2Pi21) 

\Vhere. 

P7RY = 

And hence residual effect. R = (P21iy) 

Direct effect of the i th character on yield y. 

Correlation of the liii character with yield v. 

3.14.4 Multivariate analysis 

The genetic diversity among the genotypes was assessed by Mahalanohiss (1936) 

general distance (D2) statistic and its auxiliary analyses. 'ihe parents selection in 

hybridization programme based on Mahalanohis's 02 stalistic is more reliable as 

requisite knowledge of parents in respect of a mass of characteristics is available prior 

to crossing. ltao (1952) suggested that the quantification or genetic diversity through 

biometrical procedures had made it possible to choose genetically diverse parents for 

a hybridization programme. Multivariate analysis viz, principal component analysis. 

principal coordinate analysis, cluster analysis and canonical vector analysis. which 

quantir the diflerences among several quantitative traits, are efficient method of 

evaluating genetic diversity. These are as follows: 

3.14.4.1 Principal Component Analysis (PCA) 

Principal component analysis. one of the multivariale techniques. is used to examine 

the inter-relationships among several characters and can be done from the sum of 

squiares and products nmtrix for the characters. 'l'hus. PCA finds linear combinations 

of a set variate that maximize the variation contained within them, thereby displaying 

45 



most of the original variability in a smaller number Of dimensions. Therefore, 

principles components were computed from the correlation matrix and genotypes 

scores obtained ibr first components (which has the property of accounting for 

maxinlun) variance) and succeeding components with latent roots greater than unity. 

Contribution of the diFferent morphological characters towards divergence is 

discussed from the latent vectors of the first two principal components. 

3.14.4.2 Principal Coordinate Analysis (PCO) 

Principal coordinate analysis is equivalent to PCA but it is used to calculate inter unit 

distances. through the use of all dimension of p it gives the minimum distance 

between each pair of the n points using similarity matrix (Digby et at. 1989). 

3.14.4.3 Cluster Analysis (CA) 

Cluster analysis divides the genotypes of a data set into some number of mutually 

exclusive groups. Clustering was done using non-hierarchical classification. In 

CENSTAT. the algorithm is used to search for optunal values of chosen criterion 

proceeds as fhllows. Starting from some initial classification of the genotypes into 

required number of groups. the algorithm repeatedly transftrred genotypes from one 

group to another so long as such transfer improved the value of the criterion. When no 

further transfer can he found to improve the criterion, the algorithm switches to a 

second stage which examines the eflèct of swooping two genotypes of dil'ferent 

classes and so on. 

3.14.4.4 Canonical Vector Analysis ((WA) 

Canonical vector analysis (CVA) linds linear combination of original vanahiLity that 

maximize the ratio of between group to within group variation. thereby giving 

functions of the original variables that can be used to discriminate between the 

groups. Thus. in this analysis a series of orthogonal transformations sequentially 

maximizing of the ratio of among groups to the within group variations. the 

canonicaL vector are based upon the roots and vectors of \VB. where W is the pooled 

within groups eovarianee matrix and B is the among groups covariance matrix. 

3.14.4.5 Calculation of D2 valucs 

The Mahalanobis's distance (D) values were calculated from transformed 

uncorrelated means of characters according to Rao (1952) and Singh and Chaudhury 
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(1985).The D? values were estimated for all possible combinations between 

genotypes. In simpler form D2 statistic is delined by the formula 

1)2= 	d, = 	 (i~k) 

Where. 

Y 	Uncorrelated variable (character) which varies front i = 1 ------to x 

x = Number of characters 

Superscriptj and k to Y = A pair of any two genotypes 

3.14.4.6 Computation of average intra-cluster distances 

Average intra-cluster distances were calculated by the Following formula as suggested 

by Singh and Chaudhary (1985). 

Average intra-cluster distance 
fl 

Where. 

1)2 =lhe sum of distances between all possible combinations (n) of genotypes 

included in a cluster 

n = Number of all possible combinations between the populations in cluster 

3.14.4.7 Computation of average inter-cluster distances 

Average inter-cluster distances were calculated by the Ihllowing formula as suggested 

by Singh and Chaudhary (1985). 

Average inter-cluster distance 
= 

i. X fl 

Where. 

- 
The sum of distances between all possible combinations of the populations in 

cluster i and j 
Number of populations in cluster i 

nj - Number ol populations in clusterj 

3.14.4.8 Cluster diagram 

Using die values of intra and inter-cluster distances (D = Ifr). a cluster diagram was 

drawn as suggested by Singh and Chaudhary (1985). It gives a brief idea of the 

pattern of diversity among the genotypes included in a cluster. 
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3.14.4.9 Selection of varieties for future hybridization programme 

Divergence analysis is usually performed to identify the diverse genotypes for 

hybridization purposes. The genotypes grouped together are less divergent among 

themselves than those fall into different clusters. Clusters separated by largest 

statistical distance (D2) express the maximum divergence among the genotypes 

included into these different clusters. Variety (s) or line(s) were selected for efficient 

hybridization programme according to Singh and Chaudhary (1985). According to 

them the following points should be considered 'while selecting genotypes Im 

hybridization programme: 

I. Choicc of cluster from which genotypes are selected for use as parent (s); 

Selection olparticular genotype(s) from the selected cluster(s); 

Relative contribution of the charactcrs to the total divergence; and 

Other important characters or the genotypes performance. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Diversity is the function of parent selection and also heterosis. The availability of 

transgressive segrcgants in a breeding programme depends upon the divergence of 

parents. thus. the accurate inlorinatton on the nature and degree of diversity of the 

parents is the prerequisite of an effective breeding programme. The knowledge of 

genotypic variation within acnotypes in relation to morphology, phenology and yield 

would help to screen better genotypes lbr hybridization programme. The data on plant 

height. primary branches per plant. secondary branches per plant, number of flower 

per cluster, number of fruit per cluster. days to first flowering. days to 50% t1ovcring. 

days to maturity, single fruit weight. fruit length, fruit diameter, number of fruit per 

plant, fruit yield per plant etc were recorded. (lenetie diversity was analyLed using 

()ENSi'VI soliware programme. Therefore, genetic parameters and more than one 

multivariate technique were required to represent the results more clearly and it was 

obvious from the results of many researchers (Bashar. 2002: Lddin. 2001). 

3.1 (;enctic parameters 

The analysis of variance indicated the existence of highly significant variability for all 

the characters studied. The mean sum of square. mean. range. variance components. 

heritability estin1ate. genetic advance and genetic advance in percent of mean 

(GAPM) are presented in Table 3 and 'fable 4. 

4.1.1 Plant height (cm) 

The grand mean of plant height was recorded 100.05 em. U ranged from 61 cm to 

160.78 cm (Table 3). The analysis of variance revealed highly significant difkrences 

among the genotypes with respect to plant height. The maximum plant height (160.78 

cm) was recorded by the "BD-7279" and the lowest plant height (61.00 eni) was 

recorded by "13D-7748" (Appendix- IV). The PCV and GCV were 31.23% and 

30.40% respectively (l'able 4). 'l'here was little difibrence between the phenotypic and 

genotypic coefficient of variation indicating little environmental influence in the 

expression of this character. In the present study. the genotypic and phenotypie 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Diversity is the function of parent selection and also heterosis. The availability of 

transgrcssive segregants in a breeding programme depends upon the divergence of 

parents. Thus. the accurate information on the nature and degree of diversity of the 

parents is the prerequisite of an elThctive breeding programme. The knowledge of 

genotypic variation within genotypes in relation to morphology. phenology and yield 

would help to screen better genotypes for hybridization programme. The data on plant 

height. primary branches per plant. secondary branches per plant, number of [lower 

per cluster, number of fruit per cluster, days to first flowering. days to 50% flowering. 

days to maturity, single fruit weight. fruit length. fruit diameter, number of fruit per 

plant, fruit yield per plant etc were recorded. Genetic diversity was analyzed using 

CIENST AT software programme. Thereflre. genetic parameters and more than one 

nwltivariate technique were required to represent the results more clearly and it was 

obvious from the results of many researchers (Bashar. 2002: tiddin. 2001). 

.4.1 Genetic parameters 

The analysis of variance indicated the existence oihighly significant variability for all 

the charaetcrs studied. The mean sum of square. mean. range. variance components. 

heritability estimates. genetic advance and genetic advance in percent of mean 

(CiAPM) are presemed in Table 3 and fable 4. 

4.1.1 Plant height (cm) 

The grand mean of plant height was recorded 100.05 cm. It ranged from 61 em to 

160.7$ eni (Table 3. The analysis of variance revealed highly significant differences 

among the genotypes with respect to plant height. the maximum plant height (160.7$ 

cm) was recorded by the "BD-7279' and the lowest plant height (61.00 cm) was 

recorded by "1313-774$" (Appendix- IV). The PCV and (CV were 31.23% and 

30.40% respectively ([able 4). There was little difference between the phenotypic and 

genotypic coellicient of variation indicating little environmental influence in the 

expression of this character. In the prcsent study. the genotypic and phenotypic 
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Table 3. Estimation of genetic parameters in thirteen characters of 21 genotypes 

in tomato 

r Parameters 	- Range 

61.00-160.78 

Mcan 

- 	100.05 

MS 	¶ 
2.826.50*t 

CV (°j 

7.13 

pup 

SW'_- 

NFC 	- 

5.80-12.55 - 
3.33-14.00 	- 
6.37-15.93 

 307-1078 

46.00-61.67_ 

9.61 

2.18 

8.52 

- 	447 

52.00 

855** 

22.64** 

-__16.63** 

8•39** 

56.10** 

14.01 	- 
21.52 

13.23 

19.07 1PC 

DiP 
4.45  

D50%F 52.00-67.33 - 58.41 80.66 3.83 

DM 82.33-124A5 113.74 - 364.17** 2.43 

15.49 
FPP 28.55-415.00 124.83 

23.105.76** 

AFW 

Ft 	- 
6.93-73.97 

23.32-52.76 

5.5 1-16.06 

'-34.45 

35.22 1 
11.92 

1,013.50** 

I3.74t 0.92  

23.50*s 

19.28 

9.71 
FD 

FYP 1.02-3.46  1.79 ____ L18J 15.59 

** Mean square is significant at the 0.01 level. 
Pt-I Plant height (em), PUP - Primal) branches per plant. SW' = Secondary branches per 
plant. NFC Number of Ilowers per cluster. EPU 	Number of fruits per cluster. DFF 
Days to flrst Ilowerilig, D50%F Days to 50% flowering. DM = Days to maturity. FPP 

Number of fruits per plant. AFW - Average fruit weight (g). Fl. Fruit length (mm). Fl) 

Fruit diameter (nun). FYP = Fruit yield per plant (Kg), MS r mean sum of square. CV (%) 

Coefficient of variation. 



	

2.56 - 
0.73 40.51 35.73 	19.07 

16.92 	
9.07 	7.91 	4.45 

8 - .60 43.83 
25.22 	15.02 

 

1 is.s 	7.62 	
' 9.89 	

f9.59 

- 	 2.43 

	

____ 
J7577.25 374.01 [11.43 69.73 

	15.49 

323.12 	44.14 	
55.63 	52.18 	119.28 

	

14.78 
25.57 '23.13 	10.92 

[8.73 1 7.39 	1.34 	_ 

	

-

24.78 	22.80 

j_0.45 	0.37 	0.08 	
37.36 	33.95 

[WI: 

Fy P 

9 

15.59 

G
F
p-, - 	 j 3.29 

F 

D50%F 

DM 

~F_PP-
AFW 

FL 

30.23 

126.47 

7951.26 

367.26 

8110 

Table 4. Estimation of genetic panimeters in thirteen characters of 21 genotypes in tomato 

II 

Parameters 

976.14 	925.18 PH 

P131' I 
4.06 	2.25 

	

SBP
19.14 	6.75 	

- _
2.39 	

F 42.10 	36.19 	21.52 

[NFC 	 I 6.39 	- 5.12 	11 
2966' 26.55 	13.23 

Genetic Genetic 	1 
advance 
(5%) 

advance (% 
_mean) - 

61.00 60.97 	I 
2.30 
	

23.93 

4.60 
	

64.07 

4.17 
	

48.96 

2.91 
	

64.94 

7.39 
	

14.21 

9.45 
	

16.17 

21.77 
	

19.14 

175.05 
	

140.23 

34.73 
	

100.82 

15.17 
	

43.08 

5.15 
	

43.22 

14 
	

63.55 

73.87 

80.12 

77.83 

76.00 

83.41 

- 93.97 - 

95.30 

87.98 

81.78 

84.66 

82.58 

c2 e 	I PCV GCV 

30.40 

1.81 	
20.98 	1561 

ECV 	Heritability 

94.78 

14.01 	155.337 

PH = PIam height (cm). PHI' Primary branches per plain. SB!' Secondary branches per plani. NFC = Number of flowers per cluster. FPC = Number of 

fruts per cluster. DFF = Days to lirst flowering. D50%F Days to 50% flowering. DM Days to matmity. VP!' Number of fruits per plant. AFW 

As cragc Irun wuhht (g) ri 	Fruit kngth (nun) Fl) - Fruit di UIlLLCr (mm) I Y P - 1 nut sucid per p1 ml (Kg) 	 lfl a p - Phenot pie %ariLe 	I' (T - (,cnot\ pie 

variance a' e 	
Ertvironnieiital variance, PCV= Phenotvpic coefticient of variation, (CV (Jenotypic coefficient of 'ariation. ECV-' Environmental 

coelliciertl of variation. 
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coefficient of variation was moderate for plant height. Similar observations were 

made by Marine ci at (2003). Singh ci at (2002) showed that the phenotypic 

coefficient of variation was the largest for this character. The estimate of heritability 

was as high as 94.78% with an expected genetic advance 61.00% (Table 4). 

Genotypie and phenotypic variability in tomato are showing in Figure 2. Heritability 

and genetic advance over diflerent yield contributing characters in tomato are 

showing in Figure 3. 

4.1.2 Primary branches per plant 

The grand mean number of primary branches per plant was registered 9.61. It ranged 

From 5.80 to 12.55 (Table 3). The maximum number of primary branches (12.55) was 

recorded in the genotype BD-7279' and the minimum number of primary branches 

(5.80) was recorded by the "BARI Tomato-9" (Appendix- IV). The PCV and GCV 

were 20.98 and 15.61 percent respectively (Table 4):l'he PCV values were slightly 

higher than the respective GCV for all the characters denoting little intluence of 

environmental titetors on their expression. Singh ci al. (2002) also showed that 

phenotypic coefficient of variation was the largest for primary branches per plant. 

This indicated that it may he attributed to non-additive gene effects controlling its 

expression and selection would not be rewarding. The estimate of heritability was 

moderate at 55.37 % with low genetic advance 2.30% (Table 4). Photographs are 

showing variation in leaves among dilierent genotypes of tomato in plate 5a and Sb. 

4.1.3 Secondary branches per plant 

The grand mean number of secondary branches per plant was recorded 7.1 S. it ranged 

from 3.33 to 14.00 (Table 3). The maximum number of secondary branches (14.00) 

was recorded in the uenotype 13D-7285" and the minimum (3.33) was recorded with 

I3ARI Tomato-8" (Appendix- IV). The PCV and GCV were 42.10 and 36.19 percent. 

respectively (Table 4). Coefficient of variation studies indicated that thiseharacter was 

slightly infitieneed by the environment. Therefore, selection as the basis of phenotype 

alone cannot be eulèetive for the improvement of the trait. The estimates of 

heritability was high at 73.87 % with low genetic advance (4.60%) (Table 4). 
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Figure 2. Genotypie and phenotypic variability in yield and yield contributing 
traits in tomato 

Heritability U Genetic advance (% mean) 

Figure 3. Heritability and genetic advance over different yield contributing 
characters in tomato 
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61 62 	 63 

64 65 	 66 

67 
	

68 	 69 

GIO 	 Gil 	 612 

Plate St Showing phenotypic variation in leaves among different genotypes of tomato 
(Gl-G12) 
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G13 	 G14 	 G15 

GIG 	 G17 	 018 

G19 	 G20 	 021 

Plate Sb. Showing phenotvpic variation in leaves among different genotypes of tomato 
((;13-G21) 
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4.1.4 Number of flowers per cluster 

The grand mean number of flower per cluster was 8.52. It ranged from 6.37 to 15.93 

(Table 3). The maximum number of flower per cluster (15.93) was recorded in the 

genotype 'BARI Tomato- I F' and the minimum number of flower per cluster (6.37) 

was recorded in the genotype "BD-7285' (Appendix- IV). The PCV and GCV were 

29.66 and 26.55 percent. respectively (Table 4). There was little dil'lèrence between 

the phenotypic and genotypic coefficient of variation indicating little environmental 

influence in the expression ol this character. The estimates of heritability was as high 

as 80.121/4  with low genetic advance (4.17%) (Table 4). 

4.1.5 Number of fruits per cluster 

The grand mean number of fruit per cluster was 4.47. It ranged from 3.07 to 10.78 

(Table 3). The maximum number of fruit per cluster (10.78) was recorded in the 

genot) pe "I3ARI Tomato-I 1 and the minimum (3.07) was in the genotype BD-

7748' (Appendix- IV). The PCV and GCV were 40.51 and 35.73 percent. 

respectively ('fable 4).The PCV was a bit higher than the GCV indicating that no.of 

fruits per cluster was influenced by the environment to some extent. The estimate of 

heritability was as high as 77.83 % with low genetic advance 2.91% (Table 4). This 

indicated the predominance of additive gene action in expression at this trait that is 

expected to he eikctive. Photographs are showing variation in fruits per cluster 

among difThrent genotypes of tomato in plate 6a and oh. 

4.1.6 Days to first flowering 

The grand mean number of days to first flowering was recorded as 52.00. It ranged 

from 46.00 to 61.67 (Table 3). 'Ihe maximu,ni number of days to first flowering 

(61.67) was obtained by the Bb\R1 l'omato-3" and the minimum (46.00) was scored 

by the 'PD-7748' (Appendix- IV). The PCV and GCV were 9.07 and 7.91 percent. 

respectively (Table 4). [here was little difference between the phenotypic and 

genotypic coetlicient of variation indicating little environmental influence in the 

expression of this character. Such value of GCV with least diiIërence was observed 

by Singh ci at ( 973) and Korla ci al (1998). The estimate of heritability was high 

(76.00%) coupled with low genetic advance 7.39% (Table 4). 
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Plate 6a. Showing phenotypic variation in fruits per cluster among different genotypes 
of tomato ((;1-612) 
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613 	 614 	 615 

616 	 GIl 	 618 

619 	 620 	 621 

Plate 6k Showing phenotypic variation in fruits per cluster among different genotypes 
of tomato (C1O-G21) 
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4.1.7 Days to 50% flowering 

The grand mean number of days to 50% flowering was 58.41. It ranged from 52.00 to 

67.33 (Table 3). The maximum number of days to 50% flowering (67.33) was 

obtained by the "BARI Tomato-3" and the minimum number of days to 50% 

flowering (52.00) was recorded with the "Local Jessore 3" (Appendix- IV). The PCV 

and GCV were 9.41 and 8.60 percent. respectively (Table 4). The PCV were slightly 

higher than the respective GCV denoting environmental Ihetors had minor influence 

in the expression of this trait. The estimate of heritability was high (83.4 1%) along 

with low genetic advance 9.45% (Table 4). 1 ugh heritability coupled with low genetic 

advance was observed lbr days to 50 % flowering by Singh ci at (1973) and Kumar 

c/ cii. (1980). 

4.1.8 Days to maturity 

The grand mean number of days to maturity was recorded as 113.74. It registered 

from 82.33 to 124.45 (Table 3). The maximum number of days to maturity (24.45) 

was recorded with the 13D-7279" and the minimum with -BARI Tomato- I F 

(Appendix- IV). The PCV and GCV were 9.89 and 9.59 percent, respectively (,Table 

4). Narrow di tThrence between the values of PCV and OCV indicating that they were 

less influenced by the environment and can be convinced by looking of low values of 

F.CV. The works of I layder ci al. (2007). Mohamed ci at (2012) and Pradeepkumar ci 

at (2001) support the present findings. The estimate of heritability was as high as 

93.97% with moderate genetic advance 21.77% (Table 4). This indicates the influence 

of non-additive gene action and considerable influence of environment in the 

expression of this trait contradictory findings with that obtained through (JC:\' and 

PCV value. This trait could be exploited through manifestation of dominance and 

epistatic components through heterosis. 

4.1.9 Number of fruits per plant 

The grand mean number of fruit per plant was recorded as 124.83. It ranged from 

28.55 to 415.00 (Table 3). The niaxinmm number of fruits per plant (415.00) was 

recorded with the "BARI tomato-I 1" and the minimum number of fruits per plant 

(28.55) was recorded with the "BARI Tomato-W (Appendix- IV)-The PCV and (C\' 

were 71.43 and 69.73 percent. respectively (Table 4). There was little difference 

between the phenotypie and genotypic coefficient of variation indicating little 

environmental influence in the expression of this character. The estimate of 
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heritability was high (95.30%) with high genetic advance 175.05% (Table 4). ibis 

indicates the predominance of additive gene effects and suggesting that effective 

selection may be done for the character and the lindings are in agreement with the 

observations ol Ant el at (2009). and S'ingh ci at (2001). 

4.1.10 Average fruit weight (g) 

The average fruit weight over all genotypes was 34.45g. It ranged from 6.93 g to 

73.97 g (lable 3). The maximum average fruit weight (73.97 g) was recorded in the 

genotype "BARI Tomato- 15" and the minimum (6.93 g) was in the genotype "BARI 

Tomato-I I (Appendix- LV). The PC\' and GCV were 55.63% and 52.18%. 

respectively (Table 4). There was little difference between the phenotypic and 

genotypic coefficient of variation indicating little environmental influence in the 

expression of this character. The estimate of heritability was as high as 87.98% with 

moderate genetic advance 34.73% (Table 4). High estimates of heritability coupled 

with moderate genetic advance observed lbr this character is in accordance with 

earlier findings ni Mohant (2003). 

4.1.11 Fruit length (mm) 

The grand mean fruit length was 35.22 mm. It ranged from 23.32 -52.76 mm (Table 

3). '[he maximum (52.76 mm) and the minimum (23.32 mm) were recorded with the 

"BARI Tomato-iS" and ­BARI Tomato- il". respectively (Appendix- IV). The PCV 

and (WV were 25.57 and 23.13 percent respectively (Table 4). There was little 

dilIereuee between the phenotypic and genotypic coefficient of variation indicating 

little environmental influence in the expression of this character. The estimate of 

heritability was high as (81.78%) along with low genetic advance. 15.17% (Table 

4).Photographs are showing phenotypic variation in litmits among difkrent genotypes 

oltoniato in Plate 7a and 7l. 

We 



Local Kushtia-1 
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G4 	 G5 	 G6 

13% III loniatti') 

G7 	 GB 	 G9 

GlO 	 Gil 	 G12 

Cl 	 G2 	 CS 

Plate 7a. Showing phenotypic variation in fruits among different genotypes of tomato 
(Cl -G 12) 
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I3I)-7276 

G13 	 G14 	 G15 

G16 	 G17 	 G18 

G19 	 G20 	 G21 

Plate 7b. Showing phenotypic variation in fruits among different genotypes of tomato 
(013-C21) 
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4.1.12 Fruit diameter (mm) 

The grand mean fruit diameter was II .92 mm. It ranged from 5.51 mm to 16.06 mm 

(Table 3). The maximum fruit diameter (16.06 mm) was recorded by the l3L)-774$" 

and the minimum (5.51 mm) was in the ''RARI 'loniato- I I (Appendix- J\1).  The 

PC'\' and CCV were 24.78% and 22.80%. respectively (Table 4). I'here was little 

di iièrcnee between the phenotypic and genotypic co-efficient of variation indicating 

little environmental influence in the expression of this character. The estimate of 

heritability was high at $4.66114 with low genetic advance 5.15% (Table 4). 

4.1.13 Fruit yield per plant (kg) 

The grand mean fruit yield per plant was found as 1.79 kg. It ranged from 1.02 kg to 

3.46 kg (Table 3). The maximum fruit yield per plant (3.46 kg) was recorded with the 

131)-7285" and the minimum fruit yield per plant (1.02 kg) was recorded with the 

"BD-7279" (Appendix- IV). 'he PC\' and CCV were 37.36 and 33.95 percent 

respectively (Table 4). There was little difference between the phenotypic and 

genotypic coefficient of variation indicating little environmental influence in the 

expression of this character. The estimate of heritability was high at $2.58 percent 

with low genetic advance 1.14% (Table 4). 

4.2 Correlation coefficient 

Knowledge of correlation het ..en yield and its contributing characters are basic and 

loremost endeavor to find out guidelines for plant selection. The existing relationships 

between (rails are generally determined by the genotypic and phenotypic correlations. 

The phenotypic correlation measures the degree of association of two variables and is 

determined by genetic and environmental thetors. The genotypic correlation on the 

other hand, which represents the genetic portion of the phenotypic correlation, is the 

only one of inheritable nature and therefore, is used to orient breeding programs 

(Falconer. 1989). I Lowever, the correlation coefficient between two characters does 

not necessarily imply a cause and eiThct relationship. The inter-relationship could he 

grasped best if a eoelticient could he assigned to each path in the diagram designed to 

measure the direct influence on it. Before placing strong emphasis on breeding for 

yield improvement trait, the knowledge on the association between yield and yield 

attributes will enable the breeder in the improvement of yield. The correlation 

coefficient may also help to identi fv characters that have little or no importance in the 

selection programme. 'I'he existence of correlation may be attributed to the presence 
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of linkage or pleiotropic effect of genes or physiological and developmental 

relationship or environmental eftect or in combination of all (Oad ci (i!.. 2002). The 

basic objective of most of the crop improvement programs is to realize a marked 

improvement in crop yield. But yield is a complex character which is controlled by 

association of various characters. Thus. information on association of yield attribtttes 

and their direct and indirect effects on grain yield are of paramount significance. 

4.2.1 Plant height (cm) 

Plant height was found to display highly signircant positive relationships with 

primary branches per plant (0.468. 0.409), days to maturity (0.340. 0.319) and days to 

Eirst Ilowering (0.332. 0.288) at genotypic and phenotypic level, respectively (Table 5 

and Table 6). The character showed highly significant negative association with fruit 

length (-0.384. -0.303) at genotypic and phenotypic level (Table 5 and Table 6) and 

also showed significant negative association with average fruit weight (-0.282). fruit 

yield per plant (-0.179) at genotypic level (Table 5). This linding is in contrast to 

Singh ci at (2006). Sivapraasad (2008) and Gosh ci al. (2010). Plant height also 

showed non-signilicant positive correlation with secondary branches per plant (0.058. 

0.153). days to 50% flowering (0.2)9, 0.163). fruit diameter (0.032. 0.040) at 

genotypic and phenotypic level (Table 6). It also showed non-significant negative 

correlation with number of flower per cluster (-0.129). number of fruit per cluster (-

0.171) and fruits per plant (-0.130) at genotypic level (Table 5) and also showed non 

significant negative correlation with number of flower per cluster(-0.091 ), number of 

fruit per cluster (-0.100), average fruit weight (4242). number of frui(s per plant (-

0.105) and fruit yield per plant (-0.179) at phenotypic level (Table 6). 



TableS. Genotypie correlation coefficients among yield and yield contributing characters for 21 different genotypes of tomato 

PBI' 	SBP NFC 	FPC 	1114 

-0.129 	-0.171 	0.3328* 

D5O%F 	DM - FPP 	AFW FL 	F!) 

4)3848* 	0.032 

FYP 

-0.245w PH 	0.468" 	0.058 

	

0.219 	0.340" 

	

-0.350" 	-0.364" 

-0.130 

0.4668*  

0.282* 

.0.75188  PUP 0.5688* 	0.112 0.006 0.149 0.6998*  -0.516" 0.233 

SUP -0.114 -0.060 -0.080 	-0.431" -0.606" 0.496" 0333** 	-04578* .0320*8 0.7098* 

NFC 0.9208* 0.220 0.130 .0.4268* 0.6938* .0•445** .0444*8 .0699** -0.260 

FPC 0.133 0.150 .0573**  0.794" 4)435*8 .0342*8  .0697** -0.113 

DFF 0.783*8 0.192 0.033 -0.156 -0.155 1 	-0.128 0.025 

D50%F 0.384" -0.189 0.079 	0.021 	0.008 	1 	-0.336" 

DM I 	 0.4288* 	0.386*8 0.505*8 .0.630*8 

FPP -0.701 4)5948* -0.822" 0.318*8 

AFW 0.8768* 0$93** 0.079 

FL 0.680" 0.115 

0.154 

Here. 	Significant at I%.,* = Signhlieant at 5%. PH 	Plant height (em). PUP - Primary branches per plant. 5131' Secondary branches per plant. NFC 
Number of flowers per cluster. FPC =Nuniber of fruits per cluster. DFF Days to first flowering. D50%F Days to 50% Iloweriug. DM - Days to maturity. j:pp 
Number ol' fruits per plant. AFW Average fruit weight (g).  El. - Fruit length (mm), FL) = Fniit diameter (mm). FYP Fruit yield per plant (Kg). 
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Table 6. Phenotypie correlation coefficients among yield and yield contributing characters for 21 different genotypes of tomato 

PITh 

PH 	

SBP NEC FPC DFflD5O%F DM F!? AFW FL Fl) FYP 

0.4094* 1 	0.158 	-0.091 	-0.100 	0.288 , 0.163 	0.3 19*4 	-0.105 	-0.242 	-0.303k 	0.040 	* -0.179 

Pap 

	

0.564 0.154 0.040 0.014 0•335** -0,26I 0.380 	0.530** -0.542' -0.422 	0.222 

SI3P 

	

-0.054 	-0.013 	-0.080 	0.422** 	-0.455 	0.451 	.0338 	40344*4 	-0.21 I 	0.632*4 

NEC 

	

0773** 0.179 0.102 	-0.350 0.612 -0.408 	0.388** 40570** -0.174 

FPC 	 T 

	

0.195 0.173 	0507** 0747 -0.356 -0.272k -0.509 	-0.057 

DEE 

	

0.73I 	 0.191 	0.026 	-0.146 	-0.073 	-0.037 	-0.054 

D50%F 
0.36I 	-0.169 	0.125 	0.107 	0.122 	0,373** 

DM 

	

-0.780 	03494* - 0.351 	0.44 I ** 	0.579*t 

FPP 
 -0.598 	-0.546 	-0.696 	0.3424* 

AFW 
0.780 0.767*4 1 0.075 

FL 
0.658*4 	0.019 

Fl)  

Here. " Siunificant at 1%.' Significant at 5%,PIl = plant height (cut). PUP Primary branches per plant. SB!' Secondary branches per plant. NJFC Number 
of flowers per cluster. FPC Number of fruits per cluster, DEE - Days to first flowering. D50%F Days to 50% flowering. DM = Days to maturity. FPI' = Number 
of fruits per plant. AFW Average fruit weight (a). F!. = Fruit length (mitt). ED = Fnnt diameter (mm), FYI' - Fruit yield per plant (Kg). 
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4.2.2 Prirnars branches per plant 

The character showed highly significant positive relationship with secondary branches 

per plant (0.568. 0.564). fruits per plant (0.466. 0.380) at genotypic and phenotypic 

level (Fable 5 and Table 6). The character showed highly significant negative 

association with days to 50% flowering (4350, -0.335), days to maturity (4364. - 

0.261). average fruit weight (-0.751. -0.530). fruit length (4699. -0.542) and frLliL 

diameter (4516. -0.422) at genotypic and phenotypic level. Highly significant 

positive association between numbers of primary branches per plant and number of 

secondary branches per plant indicates that the traits are governed by same gene by 

pleiotropic efiëct and simultaneous improvement would be effcctivc. It also showed 

non significant positive genotypic correlation with number of Ilower per cluster 

(0.112. 0.1554). fruit per cluster (0.006. 0.040), days to first flowering (0.149. 0.044) 

and fruit yield per plant (0.233. 0.222) at genotypic and phenotypic level. 

4.2.3 Secondary branches per plant 

Secondary branches per plant showed highly significant positive relationship with 

number of fruhs per plant (0.496. 0.451) and fruit yield per plant (0.709. 0.632) and 

also showed highly significant negative association with days to SO% flowering (-

0.431. -0.422), days to maturity (4606. -0.455). average fruit weight (-0.388. -0.338) 

and fruit lenuth (-0.457. -0.344) at genotypic and phenotypic level (1'ahle 5 and Table 

6). The character showed highly significant negative association with fruit diameter (-

0.516) at genotypic level (Table 5). It showed non significant negative correlation 

with fruit diameter (4211) at phenotypic level (Table 6). It also implied non 

significant negative correlation with number of flower per cluster (-0.114. -0.054), 

number of fruit per cluster (-0.060. -0.013) and days to first liowering (-0.080. -0.080) 

at genotypic and phenotypic level. According to Ne Wall and Rherhart ( 1961 ) when 

two characters show negative phenotypic and genotypie correlation it would be 

difficult to exercise simultaneous selection for these characters in the development of 

a variety. I lence. under such situations, judicious selection programme might be 

formtilated (or simultaneous improvement of such important (level opmental and 

component characters. 
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4.2.4 Number of flowers per cluster 

Number of' flowers per cluster showed highly significant positive relationship with 

number of fruits per cluster (0.920. 0.773). fruits per plant (0.693, 0.612) and it also 

showed highly significant negative association with days to maturity (-0.426. -0.350). 

average fruit weight (-0.445. -0.408). fruit length (-0.444. -0.388) and fruit diameter (-

0.699. -0.570) at genotypic and phenotypic level (Table 5 and Table 6). The character 

showed significant and non-significant negative relationship with fruit yield per plant 

(4260. -0.174) at genotypic and phenotypic level, respectively (Table 5 and 6). It 

also showed non significant positive correlation with days to first flowering (0.220. 

0.179) and days to 50% Flowering (0.130. 0.102) at genotypic and phenotypic level. 

The estimates of correlation coeflicients revealed that, in general. the genotypic and 

the phenotypic correlation coefficients followed similar trend but genotypic 

correlation coellicients were of higher in magnitude than the corresponding 

phenotypic correlation coefficients, which might he due to masking or modit'Ving 

effect of environment (Singh. 1980). Very close values of genotypic and phenotypic 

correlations were also observed between some character combinations, which might 

be due to reduction in error (environmental) variance to mnmor proportions as reported 

by Dewey and 1.11(1959). 

4.2.5 Number of fruits per cluster 

The character showed highly significant positive relationship with fruits per plant 

(0.794. 0.747) at genotypic and phenotypic level (Table 5 and Fable 6). Number of 

fruit per cluster showed highly significant negative association with days to maturity 

(-0.578. -0.507). average fruit weight (-0.435. -0.356). fruit length (-0.342. -0.272) 

and fruit diameter -0.697. -0.509) at genotypic and phenotypic level and it also 

showed non-significant positive correlation with days to first flowering (0.133. 

0.195). days to 50% flowering (0.150. 0.173) number of fruits per cluster also showed 

non-significant negative correlation with fruit yield per plant (-0.113. -0.057) at 

genotypic and phenotypic level. 
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4.2.6 Days to first flowering 

Days to first flowering showed highly significant positive relationship with days to 

50% flowering (0.783. 0.731) and non-significant positive correlation with days to 

maturity (0.192. 0.191). number of fruits per plant (0.033, 0.026) at genotypic and 

phenotypic level (Table 5 and Table 6). It also showed non-significant positive 

correlation with fruit yield per plant (0.025) at genotypic level (Table 5) showed non-

significant negative correlation with average fruit weight (-0.156, -0.146), fruit length 

(-0.156. -0.073) and fruit diameter (-0.128. -0.037) at genotypic and phenotypic level. 

It also showed non-significant negative correlation with fruit yield per plant (-0.054) 

at phenotypic level (Table 6). 

4.2.7 Days to 50%. flowering 

Days to 50% flowering showed highly significant positive correlation with days to 

maturity (0.384. 0.361) and significant negative association with fruit yield per plant 

(4336, -0.373) at genotypic and phenotypic level (Table 5 and Table 6). It also 

showed non-significant positive correlation with average fruit weight (0.079. 0.125). 

fruit Length (0.021 1. 0.107) and fruit diameter (0.008. 0.122) and non-significant 

negative correlation with number ol fruits per plant (-0.189. -0.169) at genotypic and 

phenotypic level. 

4.2.8 Days to maturity 

Days to maturity showed highly significant positive correlation with average fruit 

weight (0.428, 0.349), fruit length (0.386. 0.351) and fruit diameter (0.505. 0.441) and 

highly significant negative association with number of fruits per plant (-0.844. -0.780) 

and fruit yield per plant (-0.630 and -0.579) at genotypic and phenotypic level. 

respectively (Table 5 and Table 6). 

4.2.9 Number of fruits per plant 

Number of fruits per plant showed highly significant positive correlation with fruit 

yield per plant (0.318. 0.342) at genotypic and phenotypic level (Table 5 and Table 6). 

The character also reflected highly significant negative association with average fruit 

weight (470 l.-0.598). fruit length (-0.594. -0.546) and fruit diameter (-0.822. -0.696) 

at genotypic and phenotypic level. 
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4.2.10 Average fruit weight (g) 

Average fruit weight showed highly significant positive correlation with fruit length 

(0.876. 0.780), fruit diameter (0.893. 0.767) at genotypic and phenotypic level (Table 

5 and Table 6). It also showed non-significant positive correlation with fruit yield per 

plant (0.079. 0.075) at genotypic and phenotypic level respectively. 

4.2.11 Fruit length (mm) 

Fruit length showed highly significant positive correlation with fruit diameter (0.680. 

0.658) at genotypic and phenotypic level (Table 5 and Table 6). it also showed non-

significant positive correlation with fruit yield per plant (0.115. 0.019) at genotypic 

and phenotypic level respectively. 

4.2.12 Fruit diameter (mm) 

The character showed positive correlation with fruit yield per plant (0.154. 0.005) at 

genotypic and phenotypic level (Table 5 and Table 6). 
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4.3 Path coefficient analysis 

4.3.1 Plant height (cm) 

Plant height employed direct negative effect (-0.349) on yield per plant as well as 

indirect positive effect via secondary branches per plant. number of flower per cluster, 

days to first flowering, fruit length and fruit diameter. It also showed negative indirect 

effect of primary branches per plant. fruit per cluster and days to maturity, number of 

fruits per plant and average fruit weight. The result was in line to Singh et ci. (2006) 

and Hayader ci ci. (2007) who reported positive direct effect on plant height on yield 

per plant in tomato. The direct and indirect effects of di flèreni characters on yield are 

presented in table 7. 

4.3.2 Primary branches per plant 

primary branches per plant had negative direct effect (-0.041) and positive indirect 

effects by means of secondary branches per plant. fruit per cluster. days to first 

Iloweruig. days to 50 % flowering. days to maturity, number of fruits per plant and 

fruit length on yield per plant however, negative indirect effect of plant height. 

number of Ilower per cluster, average fruit weight and fruit diameter curtailed it. 

4.3.3 Sccondary branches per plant 

Secondary branches per plant showed positive direct effect (0.281) on yield per plant 

and positive indirect eRect via number of Ilower per cluster, days to 50 % Ilowering. 

days to maturity, number of fruits per plant and fruit length on yield per plant. 

I lowever. this trait had negative indirect effect of plant height. primary branches per 

plant. fruit per cluster, days to first flowering. average fruit weight and fruit diameter 

on fruit yield per plant. 

4.3.4 Number of flowers per cluster 

this character showed negative direct efiCet (-1.195) on yield per plant and positive 

indirect effect through plant height. fruit per cluster. days to first tlowering. days to 

maturity, number of fruits per plant and fruit length on yield per plant. It also showed 

negative indirect effect is a primary branches per plant. secondary branches per plant, 

days to 50 % flowering, average fruit weight and fruit diameter on yield. 
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Table 7. Path coefficient analysis showing direct and indirect effects of different characters on yield of tomato 

indirect effect 
Direct    
effect 	 l'BP 	SUP 	Nit 

	

FPC 	VU 	1)50%F 	1kM 	FPP 	AFV 	FL 	FL) 

(;eitotypic ___ 
torrchtiin 

P11 with yield 

4349 	- 	-0.019 	0.016 	0.154 	-0.171 	0.351 	-0.185 	-0.073 	-0.036 	-0.010 	0.056 - 	0.021 

PEP -0.041 -0.163 - 	0.160 	-0.134 	I 	0.006 0.158 0.296 0.078 0.129 -0.026 0.103 -0.332 0.233 

SliP 0.281 	-0.020 -0.023 	. 0.136 .0.060 -0.085 0.365 0.130 0.137 -0.013 

-0.015 

	

0.067 	
f 

-0.206 	0.709** 

	

0.065 	-0.449 	.0.260* NFC -1.195 0.045 -0.005 -0.032 - 0.920 0.233 -0.110 0.092 0.191 

FPC 	1.000 	0.061) 	0.000 -0.017 -1.099 . 	0.141 	-0.127 	0.124 	0.219 	-0.035 	0.050 -0.448 	-0.113 

DEF 	1.058 	-0.116 	-0,006 -0.022 -0.263 0.133 	- 	-0.662 	-0.041 	0.009 	-0.005 	0.023 -0.082 0.025 

D50%F -0.846 -0.076 	0.014 	-0.121 	-0.155 j 	0.150 0.828 	- -0.083 -0.052 0.003 	-0.003 0.005 .0.336** 

DM 0011 -0119 	0015 	0170 	0509 -0578 - OUtS 	0057 0203 012 -0233 0325 0630** 

FPP 0.276 	0.045 -0.019 0.139 

-0.109 

-0.828 

0.532 

0.794 

-0.435 

0.035 

-0165 

0.160 

-0.067 

0.181 - -0.024 0.087 -0.529 0318** 

AFW 0.034 	0.098 0.031 -0.092 -0.193 . -0.129 0.574 0.079 

FL -0.147 	0.134 0.029 -0.128 0.531 -0.342 -0.164 -0M18 -0.083 -0.164 0.030 - 0.437 0.115 

Fl) 0.643 -0.011 0.021 -0.090 0.835 -0.697 	-0.135 -0.007 -0.109 -0.227 0.030 
j 	

-0.100 - 0.154 

Residual clThct: 0.226. 	Siuniticaru at 1%. * - Sitiiiiflcant at 5%. PIt - Plant height (cm). I'13P 	Primary branches per plant. SI3P ' Secondary branches per 
plant, NFC Number of flowers per cluster. FPC - Number ot ftuitc per cluster. DFF Days to lirsi tlowcring, DsO%F - Days to 500 'o llosvering. DM - Days to 
maturity. FPP = Number of fruits per plant. AFW Average fruii weight (g), Fl. Fruit length (mm). FD = Fruit diameter (mm). 
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4.3.5 Number of fruits per cluster 

Number of fruits per cluster showed positive direct effect ( 1.000)  on yield per plant 

and positive indirect efkct by means of plant height. primary branches per plant. days 

to first Ilowering, days to maturity, number oF fruits per plant and fruit length on yield 

per plant. It also showed negative indirect effect of secondary branches per plant. 

number of liower per cluster. days to 50 % flowering, average l'ruit weight and fruit 

diameter. 

4.3.6 Days to first flowering 

Days to first flowering showed positive direct effect (1.058) on yield per plant and 

positive indirect effect by means of fruit per cluster, number of fruits per plant. fruit 

length on yield per plant however, negative indirect effect of plant height. primary 

branches per plant. secondary branches per plant, number of flower per cluster. days 

to 50 % flowering. days to maturity, average fruit weight and fruit diameter. 

4.3.7 Days to 50% flowering 

This character showed negative direct effect (-0.846) on yield per plant and positive 

indirect effect by means of primary branches per plant. fruit per cluster. days to liNt 

Flowering, average fruit weight and fruit diameter on yield per plant however. 

negative indirect effect of plant height. secondary branches per plant. number of 

flower per cluster, days to maturity, number of fruits per plant. fruit length on yield 

per plant. 

4.3.8 Days to maturity 

Days to maturity showed positive direct effect (0.011) on yield per plant and positive 

indirect ci bet by means of primary branches per plant, number of flower per cluster. 

days to first flowering, average fruit weight and fruit diameter on yield per plant 

however, negative indirect effect of plant height, secondary branches per plant, fruit 

per cluster. days to 50 % flowering, number of fruits per plant. fruit length on yield 

per plant. 

4.3.9 Number of fruits per plant 

This character showed positive direct effect (0.276) on yield per plant and positive 

indirect effect by means of plant height, secondary branches per plant, fruit per 

cluster. days to first flowering. days to 50 % flowering. days to maturity, fruit length 
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on yield per plant. It also showed negative indirect effect of primary branches per 

plant, rntniher of flower per cluster, average fruit weight and fruit diameter, 

4.3.10 Average fruit weight (g) 

[his character showed positive direct eflèct (0.034) on yield per plant and positive 

indirect effect by means of plant height. primary branches per plant. number of flower 

per cluster, fruit diameter on yield per plant. It also showed negative indirect effect of 

secondary branches per plant. fruit per cluster. days to first flowering. days to 50 'Va 

flowering. days to maturity, number of fruits per plant. fruit length on yield per plant. 

4.3.11 Fruit length (mm) 

This character showed negative direct effect (-0.147) on yield per plant and positive 

indirect effect by means of plant height, primary branches per plant, number of Ilower 

per cluster, average fruit weight and fruit diameter on yield per plant. It also showed 

negative indirect effect of secondary branches per plant. fruit per cluster. days to first 

flowering. days to 50 % flowering, days to maturity, number of fruits per plant on 

yield per plant. 

4.3.12 Fruit diameter (mm) 

This character showed positive direct effect (0.643) on yield per plant and positive 

indirect effect by means of primary branches per plant. number of flower per cluster. 

average fruit weight. It also showed negative indirect effect of plant height, secondary 

branches per plant, fruit per cluster. days to first flowering, days to 50 % flowering. 

days to maturity, number of fruits per plant, liuit length on yield per plant. 
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4.4 Multivariate Analysis 

Diversity is the function of parent selection and also heterosis. The availability of 

transgressivc segregants in a breeding programme depends upon the divergence of the 

parents. Ihus. the accurate information on the nature and degree of diversity of the 

parents is the pm-requisite of an efléct breeding programme. The knowledge of 

genotypic variation within genotypes in relation to morphology, phenology and yield 

would help to screen better genotypcs for hybridization programme. 

4.4.1 Principal Component Analysis (PCA) 

Principal components were computed from the correlation matrix and genotype scores 

obtained from first components (which had property of accounting for maximum 

variance) and succeeding components with latent roots greater than the unity. 

C'ontributions of the different morphological characters towards divergence were 

discussed from the latent vectors of the first two principal components. 

The principal component analysis ycekled values of each principal component axes of 

coordination of genotypes in which the liNt axes totally accounting for the variation 

among the genotypes, thercas four of these given values above tinily accounted for 

87.93 %. The first two principal axes accounted IbT 60.99% of the total variation 

amonu the thirteen characters describing in 21 tomato genotypes (Table 8). 

4.4.2 Construction of scatter diagram 

Based on the values of principal component scores 2 and I obtained from the 

principal component analysis. a two dinierisional (7.-Z2) scatter diagram was 

constructed, using component score I as X-axis and component score 2 as Y-axis. 

which is presented in ligurc 5. The position of the genotypes in the scatter diagram 

"as random, which indicated the considerable diversity among the genotypes 

included in it cluster. Some distantly located genotypes of different elustcrs were the 

genotypes number (HO. 014, (117. 012. (113. G3. 09. (iii. and 020. The scatter 

diagram (Figure 6) represented apparently five clusters of the genotypes and they 

were distantly located from each other. 
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TableS. Eigen values and yield percent contribution of thirteen characters of 
twenty one germplasm of tomato 

Characters 
Eigen . 	. 

In variation 
Cumulative 

values variation ( /o) 

39.86 
Plant height (cm) 

5.181 39.86 
60.99 

Primary branches per plant - 2.747 21.13  

Secondary branches per plant - 	77.28 

2.118 16.29  

Number of flower per cluster 87.93 

1.385 10.65  

Number of fruit per cluster 91.89 

0.515 3.96 

Days to Iirst flowering 94.78 

0.376 2.89  

Days to 50% flowering 96.57 

0.233 1.79 

Days to maturity 98.25 

0.219 _ 1.68 

Number of fruits per plant 99.04 

0.103 0.79 	- 
I 	9944 Average fruit weight (g) 

___ 0.053 0.40  

Fruit length (mm) 99.77 

0.043 0.33  

Fruit diameter (mm) 99.89 

0.015 0.12  

Fruit yield per plant (Kg) 100.00 

0.013 0.11 
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Figure 4. Scatter distribution of tomato genotypes of based on their principal 
component scorn superimposed with clustering 

77 



4.4.3 Non-hierarchical clustering 

On the basis of D2  values, the 21 genotypes were grouped into live highly divergent 

clusters (Table 9)A'he clusters divergence was proved by the high inter-cluster and 

low intra clusters D2  values. Cluster I had maximum number (seven) of genotypes 

lollowed by cluster II with six genotypes. Clusters 111. IV and V had 4. 3 and I 

genotypes respectively. The grouping pattern (lid not show any relationship between 

genetic divergence and geographical diversity which has been a point ol debate in the 

past. Table 9 clearly showed the genotypes did not cluster according to geographical 

distributions. This is an agreement with results of Meena and Bahadur (2013). 

Basavaraj of at (2010). Joshi and Kohli (2003) and Mohanty and Prusti (2001). One 

of the possible reasons may be the Rict that it is very di flieuh to establish the actual 

location of origin of a genotype. The free and frequent exchange of genetic material 

among the crop improvement programmes in the country makes it diflicult to 

maintain the real identify of the genotypes. Moreover, breeding programmes 

incorporate genes from varied sources, thus losing the basic geographical identity of 

the genotype. The absence of relationship between genetic diversity and geographical 

distance indicates that forces others than geographical ongin. such as exchange of 

gcneUc stocks, genetic drift, spontaneous variation, natural and artilieial selection are 

responsible lbr genetic diversity. It may also be possible that causes for clustering 

pattern were much iniluenced by environnieril and (genotype x environment) 

interaction resulting in differential gene expression. Another possibility may be that 

estimates that might not have been sufficient to account tiff the variability caused by 

some other traits of physiological or biochemical nature which might have importance 

in depicting the total genetic diversity in the population 

4.4.4 Principal Coordinates Analysis (PCO) 

By using this inter-uenotypic distances intra-cluster genotypic distances were 

calculated (Table 10) as suggested by Singh and Chaudhary (1985). Ultister Ill that 

was composed of four genotypes showed the highest intra-cluster distance (0.275) and 

cluster V showing the lowest intra-cluster distance (0.00) composed of one genotype. 

which indicated within group diversity of the genotypes 	maximum in cluster lii 

and minimum in cluster V. 
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Table 9. Distribution of genotypes in different clusters 

Cluster No. of Genotypes No. of Name of genotypes 
no. _ppulations 

Local Jessore-2. Local Jcssore-3, 

01.02.04.06, BARI l'omato-9, Local Kustia-I .. 
I 7 

07,012.017 BAR! Tomao-15. BARI Tomato- 

8. BD-7748 

BO- 7281, BD- 9960. 13D-7762. 
05. (18, 015. Oió. 

II 6 BD-72767  BARI Ilybrid-4, B!)- 
018.019 

7285 

BD-7289. BD-7279, BD-7290. 
Ill (19.G10.G11.021 4 

BD-901 1 

riv BARI Tomato-7, BARI Tornato-3. 
03.013,014 3 

BD-1 0321 

V 020 I BARI Tomato-I I 
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Table 10. Intra (Bold) and ititer cluster distances (D) for twenty one genotypes 

Cluster I 

0.105 

II Ill IV V 

L 5.43 11.76 - 6.43 10.56 

ii 
0.14 8.43 5.65 6.54 

in 	- 0.275 4.54 15.23 

- LV 
- 

V _______ 

0.73 14.34 

- ______ _______ _______ _0.00 -- 

Table II. Cluster mean values of thirteen different characters of twenty one 

genotypes 

Characters 	 I Ill LV 

89.29 138.81 130.59 
75.00 - 

Plant height (cm) 	77.62 

Primary branches per plant - 8.03 10.50 10.80 9.67 
105 

Secondary branches per plant 
.59  8.45 4.81 

8.00 

I Number of flower per cluster 
7.53 9.22 7.42 8.46  

15.93 

3.95 

- 	. 
Number ol' [rut per cluster 

3 94 4.64 

- 
3.97 

10.78 

Days to first 48.00 - - 49.62 54.39 52.00 54.11 

D ays to 50% flowering 
58.19 59.11 57.25 

4.00 
60.

-
5 	-- 

____ 	- 
Days to maturity 

117.68 107.09 119.25 
82.33 

120.96 	- - - 

	

- 	-- _____ 	_ ______ 
Number of fruils per plant 415.00 

63.04  

_- 
67.60 181.52 113.75 

Average fruit weight (g) 
51.85 23.23 22.38 41.57 

6.9. 

_ - ___________- 
 I:rtl it length (mm) 

43 62 %. 30.04 30.81 35.79 
23.32 

________- 
Fruit diameter (mm) 

13 62 
- 

10. 12 11.52 14.22  
5.51 

Fruit yield per plant (Kg) 
- 

1.66 	1 	2.21 1.54 1.59 
1.76

_________  
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The cluster mean (Table II) for all thirteen characters varied in magnitude. 

Genotypes in cluster 1 showed maximum performance for average fruit weight (51.85) 

and fruit length (43.62). Cluster II showed maximum performance for secondary 

branches per plant (9.24). days to first flowering (54.39). fruit yield per plant (2.21). 

Cluster Ill recorded high mean perlbnnanee for plant height (138.81). primary 

branches per plant (10.80) and cluster IV showed minitmini performance for 

secondary branches per plant (4.81). fruits per plant (63.04). Cluster V showed 

maximum performance for number of liowers per cluster (15.93), fruit per cluster 

(10.78) and fruits per plant (415.00). 

4.4.6 Canonkal Vector Analysis (CVA) 

Canonical vector analysis was performed to compute the inter-cluster Niahalanobiss 

values. Statistical distances represent the index of genetic diversity among the 

clusters. The divergence within thc cluster (intra-cluster distance) indicates the 

divergence among the genotypes falling in the same cluster. On the other hand, inter 

cluster divergence suggest the distance (divergence) between the genotypes of 

different clusters. The intra and inter clusters D2  values among 21 genotypes 

presented in Table 10 revealed that cluster V showed minimum intra cluster 02 value 

(0.00) distance followed by cluster 1 (0.105). whereas. maximum intra cluster 1)2 

value (0.73) was shown by cluster IV followed by cluster III (0.275). which indicatcd 

that genotypes included in this cluster were very diverse and was due to both natural 

and artificial selection lorces among the genotypes. Minimum inter cluster 02 value 

was observed between the clusters Ill and IV (4.54) indicating close relationship 

among the genotypes included in these clusters. Maxinium inter—clusters 02 value was 

observed between the clusters Ill and V (15.23) that indicated the genotypes 

belongings to these groups were genetically most divergent and the genotypes 

included in these clusters can he used as a parent in hybridization programme to get 

higher heterotic hybrids from the segregating population (Mehta and Asati. 2008). 

Several authors also reported prolbund diversity in the germplasm of tomato by 

assessing genetic divergence on the basis ci quantitative traits Ibllowing Mahalanobis 

D2  statistic (l3asavaraj et at 2010 and F.vgenidis ci cit 2011). Average inter and intra-

cluster distance revealed that. in general inter-cluster distance were much higher than 

those of intra-Cluster distances. suggesting homogenous and heterogenous nature of 

the germplasm lines within and between the clusters, respectively. 'lhesc results are in 

accordance with the lindings of Mahesh c/ at (2006) and Meena and Rhadur (2013) 
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in tomato. Results obtained from ditièrent multivariate techniques from dich it may 

be concluded that all the techniques gave more or less similar results and one 

technique supplemented and confirmed the results ol another one. 

ilie clustering pattern of the genotypes revealed that varieties/lines originatinu Ironi 

the same places did not form a single cluster because of direct selection pressure. This 

indicated that geographic diversity was not related to genetic diversity that might be 

due to continuous exchange of genetic materials among the countries of the world. 

Sante results have been reported by Murty and Anand (1966); Anand and Rawat 

(1984) in brown mustard: It had been observed that geographic diversity was not 

always related to genetic diversity and therefore, it was not adequate as an index of 

genetic diversity. Murty and Arunchalam (1966) studied that genetic drift and 

selection in dilThrcnt environment could cause greater diversity than geographic 

distance. Furthermore. there was a free exchange of seed material among differeni 

region, as a consequence. the characters constellation that might be associated with 

particular region in nature, lose their individually under human interference, and 

however, in some cases elThet of geographic origin influenced clustering that was why 

geographic distribution was not the sole criterion of genetic diversity. The free 

clustering of the genotypes suggested dependence upon the directitnal selection 

pressure applied for realizing maximum yield in ditThrent regions: the nicely evolved 

homeostatic devices would favor constancy of the associated characters would thus 

indiscriminate clustering. This would be suggested that it was not necessary to choose 

diverse parents for diverse geographic regions for hybridization. 

4.4.7 Contribution of characters towards divergence of the cultivars 

'ftc character contributing maximum to the divergence were given greater emphasis 

('or deciding on the cluster for the purpose of further selection and choice of parents 

for hybridization. The PCA in vector I (ZI ) revealed that the important characters 

responsible for genetic divergence in the major axis of difIirentiation were days to 

50010 flowering, days to maturity, average fruit weight, fruit length and fruit diameter 

(Table 12). In vector II (22) that was the second axis of differentiation, plant height, 

no. of flowers per cluster. fruits per cluster, days to First Ilowering, days to 50% 

flowering and days to matunty were important. The rok of days to 50% Ilowering, 

days to maturity in both the vectors were positive across two axes indicating the 

important components of genetic divergence in the materials under this study. 
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Table 12. Relative contributions of the thirteen characters of twenty one varieties 
of tomato to the divergence 

Characters - Vector-i 
Veetor-2 

Plant height (em)  -0.0213 
0.1438 -  

Primary branches per plant -0.2802  
-0.1115 

Secondary branches per plant 
-0.2376 -0.3867 

Number of flower per cluster 
-0.2848  0.3008 

Number of fruit per cluster 
-0.2897 0.2530 

Days to first flowering 
-0.0335  0.3496 

Days to 50% flowering 
0.1030 0.4828 

Days to maturity 
0.3304 0.2440 	- 

Number of fruits per plant 
-0.4103 -0.0110 

Average fruit weight (g) 
0.3717 -0.1226  

Fruit length (mm) 
0.3400  -0.0939 	-- 

Fruit diameter (mm) 
0.3817 - -0.1406 	- 

Fruit yield per plant (Kg) 
-0.1040 -0.4513 
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Table 13. Principle component score twenty one genotypes of tomato 

Genotypes Z1  

01 - 47.26 -24.81 

(12 45.78 -21.72 

(.13 

G4 

72.25 18.73 	-- 

62.68 -29.8  

65 -26.53 -31.57  

66 I?.24 -3832 

07 66.18 -12.42 

08 - -36.33 -11.17 

09 -2.92 52.36 

010 25.66  64.84 

OIl 5.27 21.66 

012 92.44 -19.62 

013 54.12 9.99 

014 63.46 50.84 - 
015 -33.34 0.51 

(116 -78.9 13.76  

017 55.96 -48.6  

618 -34.43 -24.61  

019 -108.86 16.57 

020 -297.68 	- -13.12 

(121  9.7 26.91 
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4.4.8 Comparison of different mtiltivariate techniques 

Flie clustering pattern of D7  analysis through non-hierarchical clustering had taken 

care of simultaneous variation in all the characters under study. 1-lowever. the 

distribution of genotypes in different clusters of the 
1)2 analysis had followed more or 

less similar trend of the ZI and Z2 vector of the principal component analysis (Figure 

4). The jj2  and principal component analysis was found to be alternative methods in 

giving the information regarding the clustering pattern of genotypes. I lowever. the 

principal component analysis provided information regarding the contribution of 

characters towards divergence of tomato. 

4.4.9 Selection of eultivars for future hybridization 

Cienotypically distant parents were able to produce higher heterosis (I:aleone!  1960: 

Arunachalam 1981: (ihaderi ci id.. 1984: Mian and IThal. 2001). Beside this. 

Arunachalam (1981) reported in groundnut that the higher heterosis for yield and its 

components could be obtained from the crosses between the intermediate divergent 

parents than extreme ones. Mian and BahI (2001) also reported the same in chick pea 

that medium divergent genotypes showed higher heterosis in crosses for different 

yield contributing characters. Arunachalam (1981) reported in triticale that very high 

or very low parental divergent failed result in heterosis. 

Considering this idea and other agrononlic perfbrmances. the genotypes BD-7748. 

Local Jessore-3 and Local Kushtia-1 form cluster 1. IJD-7762. BD-7285 and hAItI 

hybrid-4 fotm cluster II. BD-7290 and RD-901 I form cluster Ill. BARl l'omato-3 

lorm cluster IV. might be considered as better parents for efficient hybridization 

programme. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The twenty one genotypes were used to show variation, heritability, genetic advance 

and genetic advance in percentage ol' mean, genetic diversity, character associations 

and direct and indirect effect of' different traits on yield. All the genotypes varied 

significantly with each other br most of the studied characters indicated the presence 

of considerably variations among the genotypes studied. 'l'he PC\' values were 

slightly higher than the respective CCV values For all the characters tinder study 

indicating that the characters were less iniluenced by the environment. ThereFore. 

selection on the basis of phenotype alone can be effective for the improvement of the 

traits. Plant height and number of fruits per plant showed high heritability along with 

high genetic advance were normally more helpful in predicting the genetic gain tinder 

selection. Therefore, these characters were most likely to be influenced by additive 

gene effects and selection for the improvement of these traits would be efI'ecnve in 

early generations (F2-F3) ["or the development of superior genotypes. Moderate 

heritability for primary branches per plant indicated ihvorahle influence of 

environment rather than genotypes and selection of superior genotypes to develop 

branching habit wottkl not he rewarding in early genotypes. The phenomenon can be 

explained in a way that total fluctuations in yield are governed principally by changes 

in one or more component: though all fluctuations in components as in or case were 

not expressed in yield due to indecisive ratings of desirable and undesirable 

associations among yield and yield related traits. Correlation analysis revealed that 

fruit yield per plant showed highly significant positive association with secondary 

branches per plant and fruits per plant at both gcnotypie and phenotypic level. On the 

other hand, both genotypic and phenotypic level fruit yield per plant employed highly 

significant and negative correlation with days to SO% flowering and days to maturity. 

It also showed significant and negative association with plant height and number of 

fruit per cluster at genotypic level only. Path analysis revealed that secondary 

branches per plant. number of frtuts per cluster, days to first flowering. days to 

maturity, fruits per plant, average Fruit weight and fruit diameters had positive direct 

effects on yield per plant. Significant difference among the clusters was observed 

through multivariate analysis, clusters analysis and canonical vector analysis. Based 



on I) analysis the genotypes were grouped into five different clusters. Clusters Ihad 

the maximum seven and cluster V had the minimum one genotype. The highest inter-

cluster distance was observed between Ill and V and the lowest distance was in 

between Ill and IV. The highesi and lowest intra-cluster distance was observed in Ill 

and V. respectively. Genotypes included in cluster 11 were important for secondary 

branches per plant, days to first flowering, fruit yield per plant, whereas number of 

flowers per cluster, number of fruits per cluster and number of fruits per plant were 

remarkable feature for cluster V. Considering moderate magnitude of divergence and 

agronomic performances, the genotypes BD-7748. Local Jessore-3. Local Kushtia-l. 

IJD-7762, BD-7285. BARI hyhrid-4. BD-7290.. BD-90 I and BARI Tomato-3 might 

he considered as better parents for efficient hybridization progranme. 

87 



MR References 



REFERENCES 

Ahedin. J. and Khan. S.!!. (1986). StiLdy of the niorphogenetic divergence in tomato. 

Bangladesh ,I.Agric. Rex. 11(I): 39-47. 

Aditya. T. 1.. (1995). Genetic divergence among tomato genotypes for yield and yield 

contributing characters. A thesis submitted to the Department of Genetics and 

Plant Breeding. Bangladesh Agricultural University. Mymensingh. 

Bangladesh in partial fultillmcnt of Master of Science degree. 

Ahirwar. C.S. I3ahadur. V. and Prakash. V. (2013). Genetic variability, heritability 

and correlation studies in tomato genotypes (Lycopersicon esculeniwn Mill.). 

Internal. J. agric. Sci. 9 (I): I 72-I 76. 

Ahrned. S. U. (1987). Variability and correlation studies in tomato. Bangladesh J. 

Agric. 12 (I):1-4. 

.Al-Aysh. F.. Al-Serhan. M.. Al-Sharcef. A.. Al-Nasser. M. and Ktttma. Il. (2012). 

Study of genetic parameters and character interrelationship of yield and sonic 

yield components in Tomato (Solanuni lycupersicum L.). Intern. J. of Genes. 2 

(2): 29-33. 

Alam. M.S.. ,1irned. Q.N. and Ali. M.N. (1988). Correlation and path co-efficient 

analysis br some characters in tomato. Bangladesh I. Genes. PL Breed. 

1(1&2): 42-46. 

Alvarez. M. and Tones. V. (1983). Correlation analysis in a collection of varieties and 

lines ol tomato (Ljvopersicon esculentunz Mill) Cultivos iropicats. 5 (I): 49-

59. 

Anand. I.J. and Rawat. l).S.(1984). Genetic diversity, combining ability and heterosis 

in brown mustard. Indian. J. (jepies and Pt Breed. 44 (2)21-36. 

Anida. P., Sharma. R. R.. Tiwari, R. N. and Sutia. A. K. (2007). Correlation and path 

analysis for some horticultural traits in tomato. /nd,a,z J. Hors. 64 (I): 90-93. 

Anuparn. B. Jam. B.P. and Verma. A.K. (2002). Genetic variability, heritahilit. 

genetic advance in tomato (J.vcapersicon escu/entuin Mill.)..]. Rex. iiirsa 

Agrit Univ. 14(2): 249-252. 

Ara A., Narayan It. Ahmed N.. and K.han 5.11. (2009). Genetic variability and 

selection parameters for yield and quality attributes in tomato. Indiat, J. liar:. 

66(1): 73- 78. 

EI 



Aradhana. J.C. and Singh. J.P. (2003). Study on genetic variability in tomato. Progr. 

br. 35 (2):179-182. 

Arun K.R. and Veeraragavathatharn. (2005). Variability studies in tomato 

(Lyca)ersicon escu/c'nlum Mill.) genotypes tinder green house and open 

conditions in dilièrent seasons So ut/i Indian. 1/oil. 53 (1-6): 18-24. 

Arun. J.. Kohl!. U.K. and Joshi. A. (2003). Genetic divergence br quantitative and 

qualitative traits in toniato 'Lycopersicon esculeniwn Mill.). ii iiaii ,I.Agric 

5cL73(2): 110-113. 

Arunaca!am. E. (1981). Studies on genetic variability and heritability in F 2  generation 

of tomato (Jycopersicon eseuleniwn Mill.). South-Indian Hon. 45 (1-2):1 -4. 

IJai. N.R. and Dcvi. D.S. (1991). Study on genetic parameters in tomato hybrids. 

Orissa .J..4gnic. Res 4: 27-29. 

Bashar. M.K. (2002). Genetic and morpho-physiological basis of heterosis in rice. 

Ph.D. Thesis. Department of (jenetics and Plain breeding. BSMRA1J. 

Gazipur. 

Basavaraj. S., Patil. B.C.. Salimath, P.M.. Uosamani. R.M. and Krislmaraj. P.U. 

(2010). Genetic diveruence in tomato (J.vco,nersicon esculentu'n[Milt.I 

Wcusd.). Karnaz'aka .1. .'lgric. Set 23 ($):538-539. 

BBS (Bangladesh Bureau of Bangladesh) (2011). Statistical Yearbook of I3angladesh. 

Stat. Div. Mill. Planning, Dhaka, Bangladesh.p. 148. 

IThushana. H.O.. Kulkarni. R.S.. Basavarajaiah. D.. Helaswamy. 13.11. and Halesh. G. 

K. (2001). Correlation and path analysis for fruit quality traits on fruit yield in 

tomato (I),copersicon eseufenluin Mill.). (.'rop Res. ilissar. 22 (1): 107-109, 

Bodunde, J.G. (2002). Patti coefficient and correlation studies in tomato 

(1.ycoperxicon esculennun Mill.). Moor ../. Agric. Res. 3 (2): 195-198. 

I3rar. G.S.. Singh. S., Cheenia. D.S.. Dhaliwal ..'vLS. and Sinidi. S. (2000). Studies on 

variability, heritability and genetic advance lbr yield and component 

characters in tomato (Lvcopersicon esculennun Mill.). J. Res. Pun/al, .lgric. 

thur. 37(3-4): 190-193. 

Brar. Ci.S.. Suijan. 5.. Chima. D.S.. and Dhariwal. M.S. (1998). Studies on variability. 

heritability, genetic advance for yield and components characters in tomato 

(Jycopersicon escuk'nn in Mill). .1. Res. Fl/n/al? .4gric Univ. 37(3-4): 190-193. 

Burton. G. W. (1952). Quantitative interaction in grasses. in: J'roc. 6" inter 

Grassland Cong;. 1: 277-283. 

RE 



Chaudhury. B.K. Chaudhuri S.K. Basak S.L. and Dana S. (1976). Cytogenetics of a 

cross between two species of annual Crvxanthe,nutti Cytologia. 41: ill 121. 

Chowdhury. D. and Sharma. K. C. (2002). Studies on variability. heritability, genetic 

advance and correlation in ridge gourd (Lu/fe, acutangula Roxbi. flop!. .1. 15 

(3): 53-58. 

Chernet. S.. iJelew. D. and abay. F. (2013). Genetic variability and association of 

characters in tomato (So/unuin lycopeiwzcon L.) genotypes in Northern 

Ethiopia. Internal tonal I A grit. Res. 1816-4897. 

Clarke, G. M. (1973). Statistics and Experimental Design. Edward Arnold. London. 

Comstock, R. E. and Robinson. II. F. (1952). Genetic parameters their estimation and 

significance. Proc. 016th mt. Grassland Cong. 1:128-291. 

Das. 13.. 1]azarika. M. 11. And Das. P. K. (1998). Genetic variability and correlation in 

flint characters of tomato (Lvcoperxicon esculannun Mill.) ..1nn. igril. Rex. 19 

(1 ):77-8O. 

Deway. D. R. and Lu. K. N. (1959). .A correlation and path coellicient analysis of 

components of crested wheat grass seed production. .1gron. J. 51: 515-5 18. 

Dharmatti. P. R.. Madalgcri. B. a. Manniker, 1. M.. Patil. R. V., Girish Patil and 

Patil, G. (2001). Genetic divergence studies in summer tomatoes. Karnataka .1. 

Agric. Sd. 14(2): 407-411. 

Dighy. P., Galway. N. and Lane. P. (1989). CIENSTA] 5: A Second Course. OxInd 

Science. Oxfhrd Science Publications. Oxlbrd. P 103-108. 

Dudi, B. S. and Kalloo. G. (1982). Correlation and path analysis studies in tomato. 

Haiyana .1. Hart. Sc!. ii: 1 22- 126. 

Dudi. B. S., Dixit. J. and Partap. P.S. (1983). Components of variability, heritability 

and genetic advance studies in tomato. lIai:vana Agile. Univ. .1 Rex. 13 (1): 

135-139. 

Lvgenidis. (3.. Traka-Mavrona. E. and Koucsika-Sotiriou. M. (2011). Principal 

component and clusters analysis as a tool in the assessment of tomato hybrids 

and cultivars. Ins. .1. Agron. 27 

EAOSTAT. (2011). Statistical data base of the food and agriculture of the United 

Nations. FAO. Rome. Italy. 

Falconer. D.S. (1960). Introduction to Quantitative Genetics. 2" edition Oliver and 

Boyd. Edinburg. London. p.3 16. 



Frasher. G.E.. I3eeson. I.. and Phillips. R.L.. (1991). Diet and lung cancer in 

California : Seventh-day Adventists. American.! Epidemiol. 133 : 683-693. 

Geogieva. M. (1969). the biological characters of certain tomato varieties in 

Bulgaria. Grad. Le 3ar. Nauka. 6(7): 21-31. 

Ohaderi, A.. Shishegat. M., Regal. A. and F.hdaie. B. (1984). Multivariate analysis of 

genetic diversity for yield and its eomponcnets in mungbeart, .1 Anwncan Soc. 

Ilor. Set 104 (6):728-732. 

Ghosh. K.P.. Islam. A.K.. Milan. M.A.K. and Uossain. M.M.. (2010). Variability and 

character association in F segregating population of dilkrent commercial 

hybrids of tomato. (Solanum /ycopersicum L.). J. App! Sc!. and Environ. 

Manage. 14 (2): 91-95. 

(jodekar. D. A., Dhanukshe. B. L. and Patil. F. 13. (1992). Studies on variability. 

heritability and genetic advance in tomato. .1. itia/,arasthia ,lgric. Univ. 17: 

305-306. 

Golani. D.N.. Sahu. A. and Panda. A.K. (2007). Genetic variability and correlation 

studies in tomato (Lycopersicoi esculenium Mill). Knit Ecu! 15 (I): 117-12. 

(iomez. 0. (1987). Correlations and path co-efficient analysis in tomato breeding 

lines. .4groiecnia cleculxt 20 (2): 252-256. 

(lorbatenko. E.M. and I.Y.U. GorhatenLo. (1985). Path analysis of' economically 

usefull characters in tomato. T.visolugiva i Genetico. 19 (3): 206-210. 

Hanson. C. M.. Robinsen. R. R. and c:omstock. R. R. (1956). Biometrical studies on 

yield in segregating population of Kotean. Lespedeza .Agron. .1. 48: 268-272. 

[Tarer. P.M. 1.ad. D.B. and Bhor. T. J. (2002). Correlation and path analysis studies in 

tomato. .1. ?VIaIiaraVhIfll Agric. Univ. 27 (3):.302-303. 

1-layder. A.. MandaLM.A.. Ahmed. M.l3.. liannan. M.M.. Karim. R., Razvy. M. A., 

Roy U. K. and Salahin. M. (2007) Studies on genetic variability and 

interrelationship among the different traits in Tomato (Lycopersicon 

esculentwn Mill.) .Middle-Eass'.J. Sc! 1?es. 2 (3-4): 139-142. 

Itossain M.M. Khalequzzaman K.M. Hossain M.A. Mollah M.R.i\ and Siddique M.A 

(2004). Influence of planting time on the extension of picking period of finir 

Ion)ato varieties..'. Riot. Sd. 4: 616 - 619. 

Islam. P., Prakash. S. and Singh. A.K. (1996). Variability studies in tomato 

(Lvcopersicofl esculeniuni Mill.). Bangladesh .1. 1'!. Breed. Genet. 4 (1-2): 49- 

53. 

91 



Islam. M. S. and Khan S.. (1991). Variability and character association in tomato 

(Lycopc'rsicon esculenlum MilL). lianglcufesh .1 Pt Erect! GeiteL 4 (1&2): 49-

53. 

Johnson. I-I. W.. Robinson. 11. F. and Comstock. R. E. (1955). Estiniation of genetic 

and environmental variability in soybean. Agron. .1. 47 477-483. 

Joshi. A.. Vikram. A. and Thakur. M. C. (2004). Studies on genetic variability. 

correlation and path analysis for yield and physico- chemical traits in tomato 

(lycopersicon esculentwn Mill.). ['mgi. ilort 36 (1): 51-58. 

Joshi and Choudhury. B. (2003). Screening of lycopersicon and solanum species for 

resistance to leaf curl virus. keg. Sd. 8: 45-50. 

Joshi. A. and Kohli. U. K. (2003).Ccnetic divergence for qualitativeand quantitative 

in tomato. Indian .1, Agric. Sd. 73 (2): 110-113. 

Kasrawi. M. A. and Amr. A. S.. (1990). (icnotvpie variation and correlation thr 

quality characteristics in processing tomatoes. .1. Gene!. Pt Breed. 44: 85-99. 

Kaushik. S. K.. Fomar. D. S.. Dixil. A. K. (2011). Genetics of fruit yield and it's 

contributing characters in tomato (Solamun lycoperswon). J. Agric. Riot. anti 

Sustain. Develop. 3 (10): 209 -213. 

Korla. B. N.. Thakur. B. S. and Joshi. A. K. (1998). Variability studies in beans. 

Haryona I. Hor. Sd 27: 43-48. 

Kumar. S., Singh. 1.. Singh. B. and Singh. J.P. (2004). Studies on correlation 

coefficient and path analysis among the different characters including Until 

yield of tomato (Lycopersicon escu/ennan Mill.). F/. .lrc. 4 (1): 191-193. 

Kumar. V.R.A.. Thakur. M.C. and I ledau, N.K. (2003). Correlation and path 

coefficient analysis in tomato (L)-copersicon escu/en!unZ Mill.). '1??I?. Agric. 

Rev. 24(1): 170-177. 

Kumar. P. and lewari. R. N. (1999). Studies on genetic variability for processing 

characters in tomato. Indian .1. Hurt. 56 (4): 332-336. 

Kumar. N.. Muthukrishnan. C. R. and Irulappan. I. (1980). Genetic variability. 

heritability and coheritahility in the segregating generation of tomato. SOW/I 

Indian [lvi!. 28:105-108. 

Kumari. A. V. and Subranianian, M.. (2007). (knetie variability in tomato. AImb-us 

Agric. 1. 8: 657-663. 

1.ush, J. L. (1943). Heritability ol qualitative characters in farm animals. Pmccedugs 

a/S congress GenetIcs titid ileridiu s Supplement : 356-3 75. 

92 



Mahalanobis. P.C.. (1936). On the generalized distance in statistics. Proc. Nati. Inst. 

Sci.. India. 2:49-55. 

Mahesh. D.K.. Apte, Y. B. and Jadhav. B.B. (2006). Studies on genetic divergence in 

tomato. (L)-copersicon excu/entum MiltJ(rop Res. 32 (2):40 1-402. 

Mallik. A.K. (1985). Study on genetic parameters and character association oftoniato. 

A master degree thesis. Dept. Cienet. P1. I3recd.. I3AIJ. Mymensingh. 

Manivaiman, Ml., Prasad D. and Mir.M. (2005). Correlation and patti coelitcient 

analysis in cherry tomato (Lycopersicon esculenhun var. cerasi/onne). New 

Agric 16 (1/2): 151-154. 

Mariane. F., Ravishankar. H. and Dcssategne, L. (2003). Study on variability in 

tomato aerinptasin under conditions of Central Ethiopia. Veg. Crops Rex. BulL 

58: 41- 50. 

Markovic. Z.. Zdravkovic. J.. Mijatovic. M.. Danjanovic. NI.. Paroussi. G.. Voyiatzis. 

D. and Paroussis. E. (2002). Breeding potential of local tomato populations for 

beta-carotene and vitamin C. Proceedings of the Second Balkan Symposium 

on Vegetables and Potatoes, Thessaloniki. Greece. Acm-Hurt. 579: 157-161. 

Matin. H.N.- Singh. R.R. and Mital. R.K. (2001). Genotypic and Phenotypie 

variability in tomato. Indian J. Agric. Sd. 44 (2):807-8 II. 

Mayavel. A.. Balakrishnamurthy. Ci.. Natarajan. S. (2005). Correlation and path 

analysis in tomato (Lv opersicon esculentum Mill.). South Inc/urn Ho,!. 53 (I - 

6): 253-257. 

MeGiffen. M. Li., Pantone. J. and Masiunas. J. B. (1994). Path analysis of tomato 

yield components in relation to competition with black and eastern black 

nightshade. .1. American Soc. i-fort. &L USA. 119 (1): 6-1 1 

Meena. 0. and l3ahadu1. V. (201 3). assessment of breeding potential of' Tomato 

(Lycopersieonesctdentum Mill.) The L?ioscan,J. life. sct 8(4): 1145-1148. 

Megha. U.. Gautam. J.P.S.. Singh. Anita.. Joshi A. (2006). Correlation studies in 

exotic tomato (Lycopersicon esculentum Mill.) cultivars. Rex. C..ops. 7 (2): 

493-495. 

Mchta. N. and Asati. B.S. (2008). Genetic divergence for fruit characters in tomato 

(4vcopersicon esculentum Mill.). A,grk ScL Digest. 28 (2): 141-142. 

Mian. M. A. K. and Rhal. P.N. (2001). Genetic divergence and hybrid perlbrmance in 

tomato. IncA/wi .1. Gene!. 49 (1): 119-129. 

93 



Mittal. P. Praka.sh. S. and Siugh. A. K. (1996). \'ariability studies in tomato 

(Lycopersicon eseuleniwn Mill.) under sub-humid condition of Himachal 

pradesh. South Jnthan 1/on. 44: 132-148. 

Mohamed. S.M.. AU. E.E. and Mohamed. T.Y.. (2012). Study of heritability and 

genetic variability among different plant and fruit characters of tomato 

(Solanum !vcoperxicon L.). mU. sd. and technoL rex. 1 (2):55-58. 

Mohanty. IlK.. (2003). Genetic variability, correlation and path coefficient studies in 

tomato. hzthan .1. .'Jgnil. Res. 37 (1): 68-71. 

Mohanty. B. K. (2002). Variability, heritability, correlation and path coefficient 

studies in tomato. 1-Jaryana .1. hurt Set 31(3/4): 230-233. 

Mohantv. 13. K. and Prusti. A. M. (2001). Analysis of genetic distance in tomato. Res. 

Crops 2 (3): 382-385. 

Murcy. B.R. and Ananad. 1.J.(1966). Combining ability and genetic diversity in some 

varieties of Liniwn ztviu,tLcnum. Jndia,t,J. (kne, and 1'?. Breed, 26:26-36. 

Murty. R. and Aruncalani. V. (1966). The nature of divergence in relation to breeding 

system in some crop plants. Indian. .1. Gene! and Pt. Breed 26:1 88-198. 

Nesgea, S.. Krishnappa. K.S. and Raju. T.B. (2002). Correlation coefficient analysis 

in tomato. Current Res. Univ. Agrk'. Xci.. Bangalore. 31(7/8): 127-130 

Nessa. J.. Rahman. L. and Alam. Ni. S. (2000). Comperative performance of ten 

genotypes of tomato in late planting. Bangladesh .1. Agric. Xci. 27 (1): 121-

24. 

NeWatI L.C. and Eberhart S.A. (1961). Clone and progeny evaluation in the 

improvement ot switch grass (/'anicwn virgatum I..). Crop. $'L 1: 117-121. 

Oat! F.C., Sanio M.A.. I lassan 7..lJ.. Pompe SIT.., Oad N.L. (2002). Correlation and 

path analysis of quantitative characters of rice ratoon cultivars and advance 

lines. In!. I. Agri. Bin!. 4 (2): 204-207. 

Padma. F., Ravisankar. C. and Srinivasulu. R. (2002). Correlation and path coefficient 

studies in tomato (Lycopersicon esculentum Mill). .1. Res. ANGRAU. 30 (4): 

68-7 1. 

Pandit. M.K.. Dutta. A., Akhter. S. and Hazra. P. (2010). Variability and heritahilit) 

estimates of quality parameters in tomato (Jycopervicon esculentuni Mill.). 

Environ. EcoL 28 (4A): 2594-2596 

94 



Pate!. S.A.. Kshirsagar. D.B.. Attar. A.V. arid LTha!ekar. M.N. (2013). Study on 

genetic variahilit, heritability and genetic advance in tomato. Internal. .1. 

P/am Sd. 8(I): 45-47. 

Path .A.A. (1984). Studies on correlation, path analysis. genetic divergence. Hctcrosis 

and combining ability in ten parent diallel cross of tomato (J.)-cope'sicuti 

escule,zswn Mill.). PILl). Thesis. Univ. Agric.....i. Dharwad (India). 

Pradcepkumar. T.. Joy, D. 13. Ni.. Radhakrishnan. N. V. and Aipe. K. (2001). Genetic 

variation in tomato for yield and resistance to bacterial will. J. Tropical Agric. 

39:157-158. 

Prasad. V. S. R. and Mathura Rai. (1999). Genetic variability, components association 

and direct and indirect selection in some exotic tomato gcrmp!asm. india,, .1. 

iz'urt. 56 (3): 262-266. 

Prasanth. V.A. and .Aswanth. E. (2003). Genetic diversity among tomato genotype. 

South Inc/ia,.! I/vu. 59 (2): 162-166. 

Ptari. C.V.. Wagh. R.S. arid Kale. P.N. (1995). Genetic variability and heritability in 

tomato.....\Iahan,shini Agiic. &flfl'. 20 (I) I 5-! 7. 

Rai, N.. Rajput. Y.S. and Singh. A.K. (1998). Genetic divergence in tomato using 

nonhierarchical clustering approach. Veg. Sci. 25 (2): 133-135. 

Rani, C.L., Muthuvel. 1., Veer. I). (2010). Correlation and path coeflicient cor vield 

components and qtrality traits in tomato (Lvcopersicon esculeniwn Mill.). 

Agric. ScL Digest. 30 (1): 1 I -1 4 

Rao. C.R. (1952). Advanced statistical methods in Biometrics Research, John Wiley 

and Sons. New York, pp.357-369. 

Reddy. B.R.. Reddy, M.P.. Reddy. D.S. and Begum. 11. (2013). Correlation and path 

analysis sttidies tbr yield and quality traits in tomato (Sola,uan fvcopersicum 

L.).J.Agric.and Vet ScL 4 (4): 56-59. 

Reddy. V.V.P. and Reddy. K.V. (1992). Studies on variability in tomato. South indiaui 

J. Hurt. 40:257-260. 

Robinson. 1I.F., Comstock. R.E. and I lan'ey. V.H. (1949). Estimates of heritability 

and degree of dominance in corn. Agron. .1. 41: 353-359. 

Sachan. K. S. and Sharma. J. R. (1982). Multivariate analysis 01' genetic divergence in 

tomato. Inc/ian.!. Agile. Sd. 44 (6): 605-608. 

Sahti. G.S. and Mishra. R.S. (1995). Genetic divergence in tomato. A'Iysore .1 Agric 

Sci. 19: 5-8. 

95 



Samadia. 1).K.. Aswani, R.C. and Dhandar. G. (2006). Genetic analysis br yield 

components in tomato land races. liaryana .1. 1-/ort Set. 35 (I &2): 116-I1 9. 

Sharma. 1 l.R.. Sharma. D. and Thakur. A.K. (2006). Studies on analysis of genetic 

divergence in tomato (Lye opersicon exculeninin Mill.) .1. Hurl. Sc!. 1 (I): 52-

54. 

Sharma. K.C. and Venìia. S. (2001). Analysis ol genetic divergence in tomato. ,lpmatv 

Agric. Rex. 22(1): 71-73. 

Shashikanth.. l3asavaraj. N.. Uosamani. R.M. and Paul. B.C. (2010). Genetic 

variability in tomato (Su/anum Ivcopersicon I Mill I.Wettsd.). Kanialaka .1. 

4w/c. Sc!. 23 (3): 536-537. 

Shravan, l-I.R.. Sharma. D. and Dhaliwal. A.K. (2004). Studies on analysis of genetic 

divergence in tomato. (!.vcoper.cieon escu/ent urn Mill.). .1. I-/miSc!. I (I): 52-

54. 

Sidhu. A.S. and Singh. S. (1989). Genetic variability and correlation for yield and 

quality characters in toniato(/.ycopersicon esculentuni Mill). Indian .J.Agric. 

Set 59 (12): 810-811. 

Singh, P.K.. Singh. B. and Sadhukar. P. (2006). Genetic variability and character 

association analysis in tomato. India I. Plant (len. Re.cour. 19:196-199. 

Singh. H.N.. Singh. R.R. and Mital. R.K. (2005a). Genoiypic and phenotypic 

variability in tomato. Indian.!. Agric. S..I. 34(2): 807-811. 

Singh. i.. Kuniar S.. Singh. B. and Singh. J. P. (2005h). Studies on genetic variability 

of tomato genotypes for dilIèrent quantitative and qualitative characters. 44tv. 

Pt Sd. 18(1):355-359 

Singh, J.K.. Singh, .J.P.. Jam. S.K. and Joshi. A. (2004). Correlation and path 

coefficient analysis in tomato. I'rogr. Hurt. 36(1): 82-86. 

Singh. J.K.. Singh. J.P.. Jam. S.K., Aradhana- Joshi. and Joshi. A. (2002a). Studies 

on genetic variability and its importance in tomato (Lvcoperxicon esculentum 

Mill.). Progr. f/oil. 34 (1): 77-79. 

Singh. P.. Sudan Singh, Cheema. D.S.. Dhaliwal. M.S. and Singh. S. (2002h). Genetic 

variability and correlation study of some heal tolerant tomato genotype. Veg. 

Sd. 29(1): 68-70. 

Singh, B., Singh. 5.1'.. Kurnar. D. and Verma. H.P.S. (2001). Studies on variability. 

heritability and genetic advance in tomato. Progr. Agric. 1 (2): 76-78. 

W. 



Singh. l).N.. Sahu. A. and Panda. A.K. (1997). Genetic variability and correlation 

studies in tomato (/.ycopervicon esculennun Mill.). Eni'. Ecol IS (I ):l 17-12. 

Singh. P.K. and ('haudhary. R.D. (1985). Biometrical methods in quantitative genetic 

analysis. Kalayani Publishers. New Dcliii. pp.178- I 85. 

Singh Rj., (1980). Association of grain yield and its component in F1  and F2  

population oUnce. Oryza 17: 200-204. 

Singh. RAt. Mital. R.K. and Singh. H.N. (1973). Note on variability studies in some 

inter varietal Crosses of' tomato (L)-copersicon excu/ent urn Mill.). Inc/ian .1. 

Genet. Pt. Tht'ed. 38: 330-335. 

Sivaprasad. K. (2008). Genetic variability and correlation studies in biparentai mating 

populations of tomato. M.S. Thesis. Dharwad University of Agricltural 

Sciences (India). 

Sonone. A.l1.. Patil. S.B. and More. D.C. (1986). Variahihtv and heritability in 

interval crosses of tomato (Lycopersicon esculenlurn A/ilL). On. Rex. Rep.. .J 

Akthauncs I'hufe ,4gricultura/ University 2 (I): 125-127. 

Supe. V.S. and Kale. P.B. (1992). Correlation and path analysis in tomato. .1. 

Alithanislura Agric. Univ. 17: 331-333. 

Susic. 7., Palvovic, N.. Evikic, U.. Sretenovic Rojicie. T. and Paroussi. G. (2002). 

Stidies of correlation between yield and fruit characteristics ol' (L),copersicon 

excuen(un? Mill.) hybrid and their parental genotypes. Aetci F-fort. 579: 263-

266. 

Tasisa....Belew. I).. Bantte. K. and Ciebresclassie, W. (2011). Variability .heritahilitv 

and genetic advance in lomato (Lycopersicon CSCU/e??tUn? Mill.) Genotypes in 

West Shoa. Ethiopia. .'l;nerican- Euravian .J.Agric. and Environ. Sci. II 

(1): 87-94. 

Tiwari. J.K. (2002). Correlation studies in tomato. Jiaryanc, I. Hors. Xci. 31 (I &2): 

146-147. 

Liddin. M.J. (2001). Morphogenetic diversity and gene action in sesame (Sescnnusn 

inclicuin T..). P/i. D. Thesis. Department of Genetics and Plant breeding. 

BSMRAIJ. Gazipur. 

Veershety. (2004). Studies on variability, character association and genetic diversity 

in tomato (Lycopersicon esculenturn Mill.). Al. Sc. (Agri.) The.vis. Univ. ;lgrs'c. 

Set Uhanvad (India). 

97 



Vernia, S.K. and Sarnaik. D.A. (2000). Path analysis of yield components in tomato 

(Lycopersicon esculeniwn Mill). J. App. Bio. 10(2): 136-138 

Vikrarn. A. and Kohli, U.K. (1998). Genetic variability, correlation and path analysis 

in toniato. .1. I/IlL Set 11(1): 107-111. 

Wagh. R.S., Rharud. R.W.. Patil. R.S. and Rhalekar. M.N. (2007). Correlation 

analysis of growth, yield and Fruit quality components in tomato. .1 Mahar. 

Agric Uni. 32 (1): 29-31. 

Weising, K., Atkinson R.G and Gardner R.C. (1995). (lenomic finger priniting by 

microsatellite primed PCR: A critical evaluation. PCR Meth. AppI. 4: 249-

255. 

YaDong. S.. Yan. L.. JiangMin. \V.. Lei. L. and Xiaoiing V. ( 2010). Correlation 

analysis on quantitative traits of tomato germplasm resources. China Veg. 6: 

74-76 

98 



Appendices 



APPENDICES 

Appendix I. Map showing the experimental site under the study 
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Appendix 11. Monthly average Temperature, Relative Humidity and Total Rainfall and 
sunshine of the experimental site iluring the period from Oetober,2010 toMarch, 2011 

Month 	 MaAir temperature (pc) - 	Relative 	Rainfall (mm) 

ximum 	Minimum 	humidity (%) 	(total) 

November, 2013 	-. 	28.10 	 6.88 	58.18 	- 	0.52 

December, 2013 	 25.36 	1 	5.21 	 54.3 - - 	0.21 

January, 2014 	 21.17 	15.47 	64.03 	0.00 

February, 2014 	 24.31 	19.11 	52.0 	 65.6 

March, 2014 	- 	 29.84 	22.38 	48.91 	- 	0.00 

April, 2014 	 33.87 - 	22.91 	51.08 	-- 65.6 

Source: Bangladesh Meteorological Department (Climate & Weather Division). Agargoan. 
Dhaka -1207. 

Appendix 111-Physical characteristics and chemical composition of soil of the 

experimental plot 

Soil characteristics 	 Analytical results 

Agrological Zone 	 Madhupur Tract 

PH 	 6.00-6.63 

0.84 

Total N (%) 
	

0.46 

Available phosphorous 
	 21 ppm 

Iixchangeable K 
	

0.41 rneq /100 g soil 

Source: Soil Resource and Development Institute (SRDI). Dhaka 
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Appendix IV. Mean performance of various growth parameter and yield components 

SI 
No. 

. 
Genotypes PH 

FBI' SBP 	NFC 	F FPC 

L 
OFF 050%F UM 	'FPP 	MW 	FL F!) FYP 

I Local Jessore- 75.11 9.89 6.33 7.20 3.34 48.67 53.33 113.56 63.22 35.67 	34.40 12.97 1.46 

2 Local Jessore- 	I 83.67 	10.11 	5.89 6.93 3.22 i 	46.33 52.00 115.00 79.11 49.7338.77  14.27 2.10 
13    I 

7.45 123.33 60.33 45.00 36.58 	14.71 	1.44 3 BAR1 Tomato- 	124.78 	10.00 	4.43 

H 
3.37 	47.67 56.00 

4 BARI Tomato- 71.33 5.80 3.48 	8.04 5.70 51.00 65.00 	1 121.11 57.89 39.70 43.95 	11.97 	1.07 

5 62.33 	9.72 9.89 	9.08 	3.52 	50.33 	55.00 113.00 145.44 20.80 	24.73 8.89 1.72 

_____  
C. 	Local Kushlia- 63.11 	9.33 4.25 	7.82 	3.78 	47.67 	54.00 115.11 115.89 35.20 	49.69 10.13 1.57 

7 	BARI Tomato- 97.00 	7.55 5.85 	8.93 	5.08 	57.33 	65.00 124.11 60.55 73.97 	52.76 14.61 1.85 

S 82.'14 	10.33 
IS  

4.99 	12.59 	5.63 	59.33 	62.00 115.78 158.56 20.67 	31.52 9.89 1.60 
B!)-  9960 ________ 

9 	- 148.11 	10.67 7.78 	7.44 	4.11 	49.00 	53.33 117.44 129.00 15.50 	26.71 10.30 1.38 
BD-7289 

10 160.78 1 	12.55 8.48 7.56 3.89 54.67 62.00 124.45 97.33 16.47 27.44 10.43 1.02 

BD-7279 
II 118.67 10.78 8.89 7.89 4.19 1 	52.67 59.67 114.11 115.00 24.23 	

r2964 
11.10 1.72 

BD-7290  

12 BARI Tomato- 92.11 5.89 3.33 6.89 3.41 50.33 66.00 121.11 28.55 58.27 38.32 15.34 1.09 

13 BARI Tomato- 113.00 8.67 3.56 I 	7.56 4.55 1 	61.67 67.33 120.00 69.45 45.27 39.40 	14.95 2.02 

here, P11 = Plant height (ciii), PI3P Primary branches per plant. SUP Secondan' branches per plant. NFC Number of flower per cluster. lP(' Number of fruit 
per cluster, DFF - Days to lirsi Ilowering, D50%F Days to 50% flowering, DM - Days to maturity, FPP - Number of Fruits per plant. MW - Average fruit 
weight (g), FL Fruit length (mm), FL) - Fruit diameter (mm). FYP - Fruit yield per plant (Kg) 
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Appendix IV. Mean performance of various growth parameter and yield components (cont'd) 

154.00 30.33 6.44H7' 

	

3.93 	53.00 I 58.33 	119.56 	59.33 	34.43 	31.40 	13.00 	1.30 

RD. 1032 I  	__

IS 	 87.11 	I1.1I 	8.55 	4.33 	54.00 59.67 	114.67 	152.67 	24.30 	33.20 	10.3$ 	L89 

80-7762 	________ _______ 	 __ 	___________ 	________  

16 	 113.55 	9.83 	7.33 F 	11.93 	6.11 	57.33 65.67 	113.33 	217.56 	17.33 	24.67 	7.76 	3.42 

RD-7276___________  

17 	 61.00 	7.67 	30.00 	6.89 	3.07 	46.0052.00 	113.78 	68.00 	I 70.40 	47.48 	16.06 	147 

18 HARt 	77.67 	10.70 10.67 	7.44 	4.30 50.67 53.67 	92.67 	154.22 43.10 38.18 1184 318 

Hvbrid-'I    	________ ________ 
19 	 112.67 	11.33 14.00 	6.37 	3.96 54.67 58.67 	93.11 	260.67 13.20 27.92 9.97 	3.46 

80-7285   	 ______ _________ 
20 SARI 	75.00 	10.25 	8.00 15.93 10.78 48.00 54.00 	82.33 	415.00 6.93 	23.32 5.51 - 1.76 

Tomato-I I 	____     	_________ _________ _________ 

2! 	 - 127.67 	9.21 	8.67 	6.83 	3.70 51.67 54.00 	121.00 	113.67 	33.33 39.45 	14.27 lOS 

	

100.05 	9.61 	7.18 	8.52 	4.47 52.00 58.41 	113.74 	124.83 34.45 35.22 11.92 1.79 

Mean 	_____  

61.00 	5.80 	3.33 	6.37 	3.07 46.00 52.00 	82.33 	28.55 	6.93 	23.32 5.51 	1.02 

Mm. 	_____ ________ 	________ 	_________  

	

1160.78 	12.55 	14.00 	15.93 	10.78 	61.67 67.33 	1124.45 	11 415.00 	73.97 	52.76 	H•° 	3.46 

Here. P11 = Plant height (cm), PB!' Primary branches per plant. SRI' = Secondary branches per plant, NEC Number of flowers per cluster, FPC -, Number of 

fruits per cluster. OFF - Days to first flowering, D50%F Days to 500/* flowering. DM Days to maturity. WI' - Number of fruits per plant. AEW Average fruit 

weight (g). FL = Fruit length (mm), ED Fruit diameter (mm). FYI' Fruit yield per plant (Kg) 
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Appendix V. Analysis of variance of twelve yield and yield related characters of tomato 

Source of df 	 PC DEE Mean sum of square 	-- 

variation 	PH 	PBP SBP Nit F 	 050% DM f 	FPP 	AEW FL 	FD FYP 
F 

Replication 2 113.0$ 	0.15 0.44 	(.85 0.77 8.14 0.0 	').óR 	2403.44 	77.81 	23.24 'E(A) 0.32 

-. 	 '0 '82650 	8.554* 22.64" 16.63' 3.39" 56.10" 8(66** 364.17" 23.10576" 1.01350" 213.74" 23.50" 1.18" 
Ucuotype 	-. . 	 - - - __________ 	_ 

Error 	40 I 	 2.3 	1.27 	0.72 	5.34 	5.01 	7.62 	374.01 	4113 	14.77 	1.33 	0.07 

Here. 	indicates significant at the 0.01 level. di = Degrees of freedom. l'H = Plant height (cm). PBI 	Primary branches per plant, SI3P 
Secondary branches per plant. NFC Number of tiower per cluster. FPC = Number of fruit per cluster. DFF = Days to first flowering, D50%F = 
Days to 50% flowering, DM = Days to Maturity. FM' = Number of fruits per plant, AFW Average fruit weight (g). FL = Fruit length (mm), FU = 
Fruit diameter (mm). PiP Fruit yield per plant (Kg) 

sjn................ 
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