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Introduction



1 IN T R O D U C T IO N

Tomato (Solanum lycopeisicitm  L ) is one o f the most popular and widely 

cultivated vegetable ciop in the world It belongs to family Solanaceae with 

chiomosome numbei ol 2n = 24 The South Amencan centre consisting o f Peiu, 

Eucadoi Bolivian legion is believed to be the pnmary center o f  oiigm (Rick, 

1969) and it is piesumed to have been bi ought to India during the second half of 

the 16lh century Primitive relatives of the edible tomato occupy diverse 

envnonments based on latitude and lepresent an almost inexhaustible gene pool 

foi impiovenient ot the species (Alcazei, 1981)

Tomato is letened as pooi m an’s oiange because o f  its high nutritional 

secui it) and attractne appeaiance (Singh et a l , 2004) It is a rich source of 

vitamin A (320 1U/ lOOg), vitamin C (31 mg/ 1 OOg) and minerals (680 mg/ lOOg) 

(Anand and Sankan, 2015) It is an annual, day neutral and short-lived 

heibaceous plant It is a sell pollinated ciop, with certain percentage o f cross 

pollination It is a waim season crop leasonably tolerant to heat, drought and 

giows in a vaned lange ot soil and climatic conditions

In India, tomato occupies 3rd position in aiea, 2nd in production and 3rd in 

productivity among the \ egetables grown in India It is being cultivated in an area 

o f 8 82 lakh ha with a production ol 18 74 lakh tons and productivity o f 21 2 t 

h a 1 (NHB.2015)

The gieat ettoits made by seveial vegetable breeders from different sectors 

h a \e  resulted m tremendous ciop impiovenient with respect to yield and yield 

contilbutmg characters As a lesult ot this, many new cultivars have been 

developed to meet the \au ed  consumer requuements and climatic conditions 

undei which tomato is cultivated

In the eia of incieasing population with dwindling land area, there exists a 

constant piessure in realizing nutritional security There is an immediate need foi

1



crop impiovement programmes which helps in developing superior stable and 

resistant varieties with better > icid and quality

Heterosis is one of the methods to improve the yield and quality It is the 

superiority of F| s over their parents and its manifestation in tomato is extensively 

utilized in the form of high vigour, good crop growth and development, earliness 

in flowering and maturity, increased fruit yield and its characters, good level of 

resistance to pests and diseases (Yordanov, 1983)

The general and specific combining ability pertaming to yield and other 

characters greatly influences the selection efficiency and cultivar improvement 

piogiammes Hence, the assessment of combimng ability is of greater importance 

m crop breeding programmes intended to exploit heterosis or for combining the 

desirable genes

In the tropics and subtropics, the productivity of tomato is comparatively

low due to attack of various diseases caused by bacteria, fungi, virus and

nematodes Among them the soil borne pathogen Ralstoma solanacearum 

(Smith), causing bacterial wilt is one of the serious limiting factors m tomato 

cultivation The area under tomato is very meagre in Kerala since it is the hot spot 

for bacterial wilt disease Control of this disease is difficult because o f the acidic 

soil condition, broad host range, widespread distribution, and vast genetic 

variability of the pathogen (Hayward, 1991)

R solanaceai um is known to infect more than 450 plant species in 54 

families (Mondal et a l , 2014) The bacterium is soil borne and can indefinitely 

persist in infested fields even in the absence of any host (Chellemi et a l , 1994) It 

is found upto 45 cm depth, concentrated near the rhizosphere, with the

advancement of the disease Bacterial wilt is mainly prevalent in the states like

Kerala, Karnataka, Mahaiashtra, Orissa and West Bengal The yield loss due to 

this disease is up to 90 62 per cent (Dhaimatti et a l , 2009) Often the damage can 

extend upto 100% crop loss (Rao c ta l , 1975)

&



Symptoms of the disease include rapid and complete wilting of grown up 

plants Pathogen is mostly confined to vascular regions Upon infection, bacterial 

polysaccharides mechanically block the vascular system, which checks the 

translocation of water and other food material resulting in complete wilting of 

plants The disease can be confirmed by doing ooze test (Alvarez et a l, 2010)

The disease mainly spreads through infected soil, unhealthy plant 

materials, irrigation water, farm implements etc Therefore, it is found difficult for 

the complete eradication of the disease and the only way to overcome this 

problem is to concentrate on the development of varieties/ hybrids resistant to the 

disease

Keeping in view of aforesaid requirements in tomato, the present 

investigation was taken up with the following objectives

1 To assess the magnitude of heterosis in crosses for yield and its components

2 To estimate the general combining ability of parents and specific combining 

ability of hybrids and gene actions for yield and its related characters

3 To identify bacterial wilt resistant and high yielding crosses

3
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2. REVIEW OF LITERATURE

Tomato (Solanum lycopersicum L ), is the second most important 

vegetable m terms o f total production and has worldwide commercial distribution 

It is the most popular solanaceous vegetable crop grown under both open and 

protected conditions because of its wider adaptability, high yield potential and 

suitability for the prepaiation of a variety o f processed products The main 

objective of any breeding programme is to improve both qualitative as well as 

quantitative parameters of a ciop The information on genetics o f various 

quantitative traits particularly of yield would be the most useful m planning the 

breeding programmes so as to make effective selections

The literature pertaining to the various features of present investigation is 

reviewed and presented below under different captions

2 1 Mean peiformance

2 2 Heterosis

2 3 Combining ability

2 4 Bacterial wilt disease 

2 1 MEAN PERFORMANCE

Kunan and Peter (2001) recorded that the cross Sakthi x TH 318 

performed better for yield p lan t1 (1280 34 g), Sakthi x Fresh Market 9 for fruit 

weight (70 97 g), LE 206 x Ohio 8129 for lycopene content ( 11 66 m g /100 g)

According to Bhatt et al (2004), the cross Mechin x EC 386023 exhibited 

higher per se performance under open condition for yield plant' 1 (2 48 kg), 

Hawau-7998 x EC 386037 for fiuits p lan t1 (134 67), EC 386032 x BL-342 for 

fruit weight (62 33 g), DARL-64 x Hawau-7998 for days to maturity (83 00), EC 

386037 x Sel-7 for plant height (76 33 cm), Hawau-7998 x SeI-7 for ascorbic acid 

content (35 56 mg/ 100 g), EC 386037 x BL-342 for lycopene content (7 70 mg/ 

100 g) and EC 386032 x BL-342 for TSS (6 33° bnx)

4-



Rao et al (2007a) reported that the crosses Feb-2 x Pusa Sheetal and Feb- 

2 x Pusa Gaurav were found to be the best in terms of yield potential (2 88 and

2 80 kg/ plant, respectively) and also exhibited moderate resistance to early blight 

with a disease intensity of 32 51 and 36 29%, respectively

Gul et al (2010) observed highly significant differences among tomato 

genotypes for number of flowers cluster *, number o f fruits cluster fruit length, 

fruit width, fruit weight and yield p lan t1 Among the parents, the mean value for 

fruit weight ranged from 24 g (P3s) to 55 g (P54), while m the crosses it ranged 

from 30 g (P28*P38) to 59 g (E-02xP30) For yield p lan t', the mean value ranged 

from 391 3 g (P3S) to 924 g (P45) m the parents whereas, it ranged between 394 3 g 

(P38xP.,9) to 953 g (E-02xp28) m the crosses

According to Dhahwal and Cheema (2011), the highest yield p lan t1 was 

exhibited by the cross 56-14-6 x 56-12-7-1 (3 76 kg/ plant) while, 54-26-1-1 x 57- 

9-6-1 exhibited highpei se performance for fruit weight (138 50 g)

In a line x tester analysis done by Kumari and Sharma (2011), the cross 

EC-13736 x Solan Vajr was found to be the earliest for flowering (32 00), EC- 

521041 x FT-5 had the highest plant height (198 25 cm), Sioux x FT-5 recorded 

maximum fruits cluster1 (4 47), Sioux x FT-5 had maximum fruits p lan t1 (28 50), 

S- 1001 x Solan Vajr exhibited maximum fruit weight (90 61g), Sioux x F I -5 

recorded the highest yield p lan t1 (2100 00 g), EC-521051 x Solan Vajr had high 

TSS (4 6 °bnx) and EC-13736 x Solan Vajr recorded high ascorbic acid content 

(39 36 m g /100 g)

According to Chattopadhyay and Paul (2012), fruit length ranged from

3 10 cm (Pg) to 7 cm (P2), fruit width ranged from 3 30 cm (P2) to 6 90 cm (P4), 

pericarp thickness ranged from 0 40 cm (P3 and P10) to 0 80 cm (P4), locules fruit' 1 

ranged from 2 (P2) to 6 (P4 and P8), TSS (° brix) ranged from 5 7 (Pe and Pi2) to 

7 67 (Pg), vit C (mg/ 100 g) ranged from 23 (P2) to 40 (P3 and P9)

5"



According to Shankar P»» ’ number of pnmary han *es  per

for plant height ranged from ^  from 28 to 35, num ber of flowers

per duster from 4 57 to 6 37, number of fm P ^  ^  ^  f t - 3  „

weight from 4 1 4 3  to 105 5 g, yield  Per P lycopene content from
5° brK, ascorbic acid content from 14 67 to 4 0  mg1 100 » <y P

2 53 to 8 73 m g / 100 g

Highly significant differences among tomato gno types was observed by  

Baban e/ a / (2015) and reported that the parent P2 xhibited the highest fruit 

weight o f  53 99 g, P4 recorded maximum fruit polar tameter (4 18 cm ), P2 for 

equatorial diameter (5 31 cm), P<s for number ofloculei\3 01), p4 for fruit pericarp 

thickness (0  50 cm ) and fruit firmness (3 05 kg/ cm) 1

Pandiarana et a l (2015) crossed five rnbred I n j f w ,  , 

fashion and observed that among the parents BCT 1 11 " °  ”  * ^ ^

1  y  “ • > • ■ « .  c ,  _ 1  *  *”
m g/ l o o g )  k ghes>\scorb,c acw

Jd c°ntent
2 2 HETEROSIS 

-g e ta n v e ,  adaptiveness and

1946 and Hayes, 1952) j-wP I 9°8, Eav parQKs mZTS) “d later by
y  w  reponed the util.J ^  -  * ,  ! £ * * *  «

production Being a self p o lk m e i ^  F 4* * * .  2° ° h )

: r is iess ,n ioma[° (Gai,,as a  «i . *** «**,* ton,at°
“  t0raat°  has Oecome a reahty b i ^ 00^  o f e* ^  o f  

' ^ ' f i c a n t , , ,



important traits in F| hybrids over their parental values Heterosis helps in 

developing early, high yielding and disease resistant hybrids with increased fruit 

qualities

Baishya et al (2001) reported that the hybrid, ECA881 x EC-130204 

(113 03%) exhibited superior heterosis over better parent for yield p lan t1 which 

was followed by the crosses, EC-429 x Pant T-l (28 19%), EC-41025 x Pant T -l 

(26 65%) and EC-32557 x Pant T-l (22 75%)

Kuuan and Peter (2001) observed significant heterosis for fruit weight 

over the mid parent in Sakthi x Fresh Market 9 and Sakthi x HW 208F (18 73 and 

10 90% respectively) and relative heterosis for fruit yield m the crosses, Sakthi x 

TH 318 and Sakthi x Fresh Market 9 (9 20 and 13 24% respectively)

Superior heterobeltiosis for plant height was observed m hybrid, 97/640 x 

KT-15 (37 28%), FEB-2 x KT-15 for number of primary branches (48 93%), Sel- 

2 x KT15 for number of fruits p lan t1 (38 96%), Futestio x KT-15 (26 29%) and 

BT-207 x KT-15 (42 87%) for fruit weight High level of .heterosis for fruit yield 

p lan t1 was obseived in hybrids, Futestro x KT-15, KT-1 0 x KT-T5, 97/640 x 

KT-15 and BT-1 02-2-1 x KT-15 (Asati et a l , 2007)

Smgh et al (2008) estimated appreciable level o f heterobeltiosis for plant 

height in the crosses, Sikkim Local x EC-521 080 (117 29%), Vaibhav x EC- 

521080 (116 83%) Arka Vikas x H-86 showed significant heterobeltiosis for 

number of primary branches (155 85%) Tura local x H-88-78-1 and H-24 x 

DVRT-2 showed negative heterosis with respect to days to flowering which 

ranged from 4 13 to -37 5 percent respectively The cross PKM-1 x EC521080 

(165 43%) showed heterosis over better parent for number of fruits p la n t1 The 

highest heterosis for yield p lan t1 was seen in H-88-87 x H-88-78-2 (210 45%)

Significant heterosis over better parent and standard check for yield p lan t1 

ranged from -43 67 to 30 91 per cent and -63 49 to 63 78 per cent, respectively o f 

which four crosses viz S- 65xArkaAlok, S-05xDMT, S-05x Arka Alok and S- 

05xBFL exhibited significant positive heterosis Significant heterobeltiosis for



fruit weight ranged from 37 76 to 30 50 per cent The hybrids, S-61 x Ark Alok, 

(44 45%) S-0 5 x DMT -1 (36 61%) and S-0 5x BFL (39.22%) showed positive 

heterosis over standard check for fruit number p lan t1 (Kumar et a l , 2009)

Gul et al (2010) observed positive heterosis for flowers c luster1 m hybrid 

P38 x P j4  (53 1%) and fruits c luster1 in the cross P2s x P30 (38 9%) Relative 

heterosis for fruit length and width was exhibited by E-02 x P38 (3 2 7%) and E-02 

x P43 (10 6%) respectively The crosses, E-02 x P2g and E-02 x p 30 exhibited 

superior heterotic effects of 45 0 and 24 4 percent respectively for fruit weight 

Relative heterosis for yield p lan t1 was recorded in E-02 x p 51 (19 3%) and E-02 x 

P2S (34 9%)

Kumari et al (2010) studied heterotic expression for yield and its 

components in tomato and observed that the crosses, KS-16 x Azad T-3, Azad T-3 

x KS-7, Angoorlata x KS-7 and KS-16 x Angoorlata showed high heterotic effects 

over their parents in terms o f yield and its related characters, percent values 

ranging from 65 181 to 98 62

Ahmad et al (2011) studied the heterosis o f 21 tomato cross combmations 

and found that the crosses P2 x P3, P3 x p4, and P3 x p 5 showed significant 

heterosis for early flowering while, the hybrids Pi x p7 (16 67%) and Pi x p2 

(12 44%) showed desirable heterosis for fruit weight The study also revealed that 

the hybrids, P4 x p 7 (62 31%), P2 x p6 (37 44%), P4 x P6 (34 77%), P2 x p7 

(33 67%), P3 x P 7 (32 09%), and P3 x p4 (29 82%) exhibited higher manifestation 

of heterobeltiosis for yield p lan t1

Dhahwal and Cheema (2011) evaluated 91 Fi hybrids of tomato to identify 

the crosses which are perfonning better under leaf curl virus infested areas 

Appreciable amount ot heterosis for yield and fruit size was exhibited by the 

crosses, 58-18-1-1 x 56-4-6-1, 56-14-6 x 56-12-7-1 and 54-26-1-1 x 57-9-6-1 and 

were recommended for cultivation under severe leaf curl virus infested areas 

Higher magnitude of heterobeltiosis for total yield was exhibited by 54-26-1-1 x



57-9-6-1 (58 75%) while, 56-14-6 x 56-12-7-1(49 20%) exhibited the standard 

heterosis for the same trait

In a line x tester analysis, Kuman and Sharma (2011) reported higher 

magnitude of heterobeltiosis for days to first flowering m negative direction m 

EC-538146 x Solan Vajr (-8 41%), Sioux x Solan Vajr for number o f  fruits 

cluster 1 (51 17%), Sioux x FT-5 for number of fruits p lan t1 (66 08%), S-1001 x 

Solan Vajr for fruit weight (24 98%), Sioux x FT-5 for yield p lan t1 (71 14%) EC- 

521051 x Solan Vajr for TSS (28 49%) and EC-1914 x EC-15998 for ascorbic 

acid content (23 49%)

Chattopadhyay and Paul (2012) conducted studies on heterosis for 

different fruit quality parameters in tomato The study revealed the highest 

amount of relative heteiosis and heterobeltiosis to be 38 26% and 36 28% 

respectively, exhibited by the hybrid P5 x P7 (Sel 12 x Pusa Ruby) for fruit length 

Maximum positive heterosis was recorded for fruit width in the hybnd Pg x P2 (EC 

12217 x Roma) (17 66%) followed by P H x Pi2 (17 63%) and P !0 x P6 (17 33%) 

Higher magnitude of relative heterosis for TSS was recorded in P10 x P6 (27 03%) 

The crosses viz Pi x P2 (28 43%) and Pg x P6 (3 41%) showed significant relative 

heterosis for vit C content

An investigation was carried out by Islam et al (2012) m winter tomato 

hybrids and found that all the crosses actively exhibited heterosis P3 x Pg showed 

heterosis over better parent for earliness (-18 46%) and Pi x Pg exhibited percent 

heterosis o f 8 57 for flowers cluster 1 The cross P2 x Pg exhibited good heterosis 

for fiuits c luster1 (21 73%), P6 x P7 for plant height (75 54%), P5 x Pg for fruits 

plant' 1 (67 44%), P9 x P10 for yield p lan t1 (54 82%), P2 x Pg for fruit weight (21 21 

%), P7 x Pg for fruit length (3 09%), P3 x Pg for fruit diameter (14 11%) and Pi x 

P6 for box content (13 11%)

Souza et al (2012) observed significant heterosis, m a diallel cross among 

fresh market tomato inbreeding lines, for fruit yield and fruit number p lan t1 with 

percent values of 49 72 and 47 19 respectively High level of positive heterosis
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was observed for fruit weight m the crosses IAC-3 x IAC-5 (15 79%) and I AC-2 x 

I AC- 5 (5 88%) while for TSS, the heterosis ranged between -21 82% and 

36 71%

Heterosis among 6 generations o f tomato by involving four parents was 

studied by Droka et al (2013) The study indicated good level o f heterosis for all 

the traits over then respective better parents Pusa Sadabahar x Pusa Rohim 

recorded significant heterobeltiosis and relative heterosis for days to 50% 

flowering (5 and 8 5% respectively), number of fruits p lan t1 (12 33 and 8 92% 

respectively) and yield p lan t1 (29 04 and 30 92% respectively)

Heterosis and its manifestation for fruit yield, quality and shelf-life was 

studied m tomato hybrids by incorporating rin, nor or ale alleles The magnitude 

o f standard heterosis varied from -48 74 (Li x T3) to 165 88% ( L 4  x Ti) for total 

yield, -58 59 (Lj x T3) to 174 60% (L5 x T,) for marketable yield, -66 15 (L l x T3) 

to 102 28% ( L 4  x Ti) for numbei o f fruits and -21 63 (L12 x T2) to 101 77% (L3 x 

T3) for average fruit weight (Garg et al ,2013)

An investigation was conducted to identify the superior parents for yield 

and quality characters in a LxT ciossing method The cross rin x Sankranti 

recorded the significant heterotic effects over better parent for plant height 

(10 53%), ale x Pusa Ruby recorded significant heterobeltiosis for number o f 

branches (28 89%), TSS (72 13%) and lycopene content (84 20%) while, ale x 

Vaibhav exhibited heterosis over better parent for keeping quality (7 95%) 

(Narasimhamurthy and Gowda, 2013)

The nature o f gene action, heterosis and inbreeding depression was 

observed for yield and its related traits m tomato by Shalaby (2013) Significant 

relative heterosis was observed for plant height, number o f branches p la n te a r ly  

yield, total yield, average fruit weight and fruit firmness with values of 30 1%, 

52%, 58 2%, 69 5%, 15 8% and 46 7%, respectively dhe study also indicated the 

significant positive heterobeltiosis for numbei o f branches p lan t', early yield,
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total yield and fruit firmness with values o f 35 7%, 43 1%, 32 4% and 38 9%, 

respectively

Solieman et al (2013) conducted an investigation using five commercial 

tomato cultivars and their ten Fj hybrids with a view to study heterosis The 

percent heterosis over mid parent ranged from -1 6  04 to 29 75 for plant height, 

-5  74 to 20 95 for number of primary branches plant -11 46 to 25 50 for total 

soluble solids, -1  26 to 15 66 for ascorbic acid content, - 9  39 to 22 48 for number 

of flowers cluster ', 4 37 to 104 69 for number o f fruits plant -3 2  78 to 11 29 

for average fruit weight and 22 29 to 64 33 for total yield plant' 1

Genetic study of heterosis for yield and quality components in tomato was 

carried out by Yadav et al (2013) using line x tester analysis The hybrid LCT-6 

x Arka Vikas recorded maximum standard heterosis for plant height (50 50%), 

LCT-6 x NDT-5 for number of primary branches p lan t1 (36 81%), Azad-T-5 x 

VR-20 for fruits p lan t1 (58 50%), KS-229 x Arka Vikas for fruit length (40 77%), 

KS-229 x NDT-5 for fruit diameter (41 67%), KS229 xA Vikas for fruit weight 

(29 58%), CO-3 xA Vikas for yield p lan t1 (29 57%) and LCT-6 xNDT-5 for TSS 

(37 50%)

Agarwal et al (2014) crossed eight parental lines of diverse origin of 

tomato in a 8 x 8 diallel mating design excluding reciprocals High level of 

heterobeltiosis (74 69%) and standard heterosis (117 27%) was observed for fruit 

weight which was followed by TSS for heterobeltiosis The percent heterosis was 

in the range o f 6 63 to 35 90 over the better parent for fruit yield The hybrid, 

CLN 5915-206 x CLN 1314G registered the significant heterosis over better 

parent (35 90%) and standard parent (56 32%) for the same character

An experiment was carried out by Shankar et al (2014) and observed 

heterosis for yield and quality in tomato in a line x tester analysis Higher 

magnitude of standard heterosis was recorded in LE-53 x Arka Alok for number 

of floweis cluster' 1 (25 66%), EC-164838 x Arka Alok for fruits cluster1 

(92 86%), LE-64 x Aika Alok for fruit length (13 70%) and fruit weight
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(29 22%), LE-64 * Arka Vikas for yield p lan t1 (56%) and LE-56 x Arka Meghali 

for TSS (79 41%)

Pandiarana et al (2015) studied heterobeltiosis and genetic control of 

processing quality and disease severity traits in tomato Significant heterobeltiosis 

was observed in the cross CLN 2777E x Ailsa Ciaig for fruit yield p lan t1 

(32 31%), CLN2777F x Ailsa Craig fulgens for TSS (1170% ) and lycopene 

content (15 94%) and CLN2777E x Ailsa Craig fulgens for vit C content 

(13 10%)

Marbhal et al (2016) studied the heterosis in cherry tomato for 

quantitative traits Significant positive heterosis was recorded for height o f plant 

by the hybrid 4x6 (24 74 %), length of cluster by 2x6 (23 13 %), average weight 

o f cluster by 2x5 (32 59 %), number of fruits per cluster by 3x6 (25 00 %), fruit 

yield by 2x6 (46 52 %) and 1x3 (38 25 %) over better parent and number o f 

clusters p lan t1 by 3x6 (24 91 %, 22 82 %, 101 10 %) over better, top parent and 

commercial hybrid respectively

2 3 COMBINING ABILITY

The selection of better parent is inevitable for the success o f any 

hybndization programme Parents are selected mainly based on their genotypic 

performance as well as performance of cross combinations as heterosis is not 

solely dependent on phenotypic expression So, for developing Fi progeny, it is 

essential to analyse the combining ability Analysing gca will help to improve 

breeding works as it will provide information on gene actions Line x tester and 

diallel designs are mostly used in the studies undertaking combining ability

Spargue and Tatum (1942) were the first to propose the idea o f combining 

ability in com General combining ability (gca) is the comparative ability of line 

to combine with other lines It shows how much the mean performance o f a 

variety is altered from all other varieties in crosses where that particular variety is 

involved Specific combining ability (sea) is deviation m the performance of 

specific crosses from the performance expected on the basis o f general combing
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ability effect of parents involved in the crosses A parent, if  producing progenies 

with above average performance, it is exhibiting a positive gca and vice versa If 

the crosses are specific, it points to sea

Genetically, general combining ability is associated with genes which are 

additive in their effects, while specific combining ability is attributed to deviation 

from the additive scheme caused by dominance and epi stasis Combining ability 

involves both additive effects as well as additive x additive, additive x dominance 

and dominance x dominance types of interactions The general combining ability 

(GCA) coming from the two parents and the specific combining ability (SCA) 

arising from the interaction between the genotypes o f the two parents, determines 

the performance o f progeny developed by crossing each parents The popular lme 

x tester analysis, developed from the concept of North Carolina designs, is helpful 

in determining the gca and sea effects

Bhatt et al (2001) reported the predominance o f non additive gene action 

for yield and yield attributes in fourteen varieties o f tomato crossed in a half 

diallel fashion The parent Punjab Chhuhara was the good general combiner for 

number o f flowers truss fruits truss fruits p lan t1 and yield plant1 Sweet-72 

was found to be the best parent for early maturity by exhibiting significant gca in 

negative direction The cross Arka Saurabh x NDT 5 was considered as the 

valuable combiner for earliness by exhibiting high sea effects in negative 

direction while, Punjab Chhuhara x Azad Kranti showed high preferable sea 

effect for yield p lan t1

Twelve divergent lines of tomato and their 66 Fi hybrids were studied by 

Bhatt et al (2004) Analysis of variances for combining ability revealed that the 

crosses EC 386032 x BL-342 and Azad T-2 x Hawau-7998 were found superior 

for yield p la n t', Hawan-7998 x EC 386037 for fruits p lan t1 and BL-342 x Mam 

Thoiba and DARL-64 x Hawau-7998 for early maturity The crosses DARL-64 x 

EC 386037, EC 386023 x Mam Thoiba and DARL-64 x BL-342 showed higher 

plant height The crosses Hawau-7998 x Sel-7, EC 386032 x EC 386037 and BL- 

342 x 386023 exhibited high sea for ascorbic acid content and DARL-64 x EC
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386019 for lycopene content EC 386032 x BL-342 and BL-342 x Sel-7 had the 

highest sea effects for total soluble solids

Premalakshme et al (2005), m a diallel crossing programme, observed 

that the parents Pi, P2 and P3 exibited the highest significant negative gca effects 

for days to flowering while, significant sea in negative direction was observed in 

the hybrids Pi x  P3, Pi x P4, Pi x P5, Pi x P6, P2 x P3, P2 x P5 and P4 x P6 The 

parents P], P2 and P3 showed high gca effects for number of laterals p lan t1 The 

hybnds P2 x P3 followed by Pi x P4 and P5 x P6 showed highly significant positive 

sea effects for the same trait Among the hybrids, P6 x P3 (63 35) and Pg x P5 

(62 10) recorded high sea effects for fruit weight

According to Singh et al (2005), significant additive gene effects for plant 

height, earliness in maturity, fruit weight (average), fruit length and yield was 

exhibited by the parent CH -171 Prominent non additive gene effects were 

exhibited by the hybrids, Arka Abha x CH-189-1 and CH-48 x CH-171 for plant 

height, CH-159 x CH-180 for TSS, Arka Abha x CH- 171, Arka Abha x CH-180 

and CHRT-4 x CH-159 for average fruit weight, length and girth

Toslu and Kohli (2006) studied the gene effects for processing quality 

attributes m tomato in a half-diallel mating design Among the parents, CLN- 

135IE and FT-5 exhibited high gca for TSS The crosses UHF-II x EC-401927 

and CLN5915-206D4-2-2-0 x FT-5 exhibited significant sea effects for TSS and 

number of locules respectively High sea was shown by the cross CLN1462A x 

FT-5 for ascorbic content

Asati et al (2007) conducted line x tester analysis by using thirteen lines 

and three testers and reported that the crosses Futestro x BT-117-5-3-1, BT116-8- 

1 x BT-I1 7-5-3-1 and Sel-2 x KT-15 exhibited high positive sea effects for 

number of fruits p lan t1 while, BT-1 02-2-1 x KT-15, BT-116-8-1 x FloraDade 

and Type-1 x KT-15 showed high sea effects for fruit weight

Hannan et al (2007) carried out an investigation involving ten parents of 

tomato m a diallel fashion The variance due to gca and sea were found to be
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highly significant for fiuits plant ‘, flowers cluster', and fruit weight p lan t1 The 

crosses Deshy x Ratan, Deshy x Epoch, Dynasagar x Ratan, Ban- 4 x Pusharubi 

and Dynamo x Namdhan exhibited high sea effects for yield

An experiment was conducted by Rao et al (2007b) by crossing five 

parents of tomato m a diallel fashion, excluding reciprocals Higher magnitudes 

of sea effects m desirable dnection for yield and its related character was 

observed Feb-2 x Pusa Sheetal and Feb-2 x Pusa Gaurav were good combiners 

for yield and also exhibited moderate resistance to early blight in tomato

In a line x tester crossing programme o f tomato, Smgh et al (2008) used 

thirteen lines and five testers to develop 65 T| hybrids High pronounced sea 

effects for yield and quality components was exhibited by the hybrids, Meghalaya 

local x H-88-78-2(l 44), Punjab Chuhara x  DVRT-2 (1 41), H-88-87x H-88-78-2 

(1 05), H-24xEC-521080 (1 03) and H-24 xH-86 (1 01) Among the parents, FLA- 

742t recorded good gca for plant height, TLBR-3 for number of primary branches, 

H-88-87 for days to first flowering, H-88-78-2 for days to first harvest, 

Meghalaya Local for fruits p lan t1, H-88-78-2 for yield p lan t1, Vaibhav for 

pericarp thickness, TLBR-5 for less number o f locules f ru itH -8 8 -7 8 -2  for high 

dry matter content and Arka Vikas for TSS

A line x tester crossing programme involving seven lines and four testers 

was done by Rattan et al (2008) Among the lines, high gca was shown by BT- 

18, BL-342 and CLN- 212 (total fruits p lan t'), Rodade and BL-333 (average fruit 

weight) Among the testers v iz , EC-392698 and Hawaii- 7998 (fruits p lan t:), EC- 

191536 (average fruit weight) were found to be good general combiners High sea 

was shown by CLN-2026 x PTOM-9802 (gross yield plant ‘), CLN-2026 x 

PTOM-9802 (total fruits plant*1), BL-333 x EC-191536 (average fruit weight)

Saidi et al (2008) conducted a line x tester study and revealed the 

significance o f both gca and sea effects in controlling the expression o f numbei o f 

fruits plant'1, fruit weight (average) and days to 50 percent flowering The hybrid,
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M-3-1 x 18-1-1 exhibited high sea for yield ha yield p lan t1 and number of fruits 

p lan t1

Sirohi and Gaurav (2008) developed 36 hybrids o f tomato using diallel 

cross method The study revealed the predominance of both gca and sea variances 

for different parameters except total soluble solids Among the parents, EC534-1- 

2-1 and PS-6-1-1 showed good gca for most of the characters For fruit setting %, 

days from fruit setting to turning stage, fruit weight, harvesting period, total fruits 

and marketable yield plant \  the cross 1-7- 1-1 x UC82B exhibited superior sea 

variances

An experiment was conducted m a line x tester mating design by Mondal 

et al (2009) and reported the involvement of both gca and sea effects for the 

control of fruits p lan t1, fruit weight, locules fru it1 and equatorial diameter of 

fruit Non additive gene effects played a prominent role in inheriting fruit quality 

characters like TSS and lycopene contents Two promising cross combinations, H- 

24 x NT-31 and H-24 x Hissar Arun exhibited high significant sea effects for 

different characters

Rattan and Chadha (2009) estimated the combining ability and gene action 

for yield and its attributing chaiacters in tomato by involving 28 crosses derived 

from seven lines and four testers m line x tester method The study revealed the 

greater variance of sea influencing most of the characters like gross yield plant'1, 

total fruits p lan t1, marketable yield plant marketable fruits p lan t1 and average 

fruit weight which showed the predominance of non- additive gene action

Saleem et al (2009) developed 30 Fi hybrids of tomato and evaluated 

their performance using L x T mating design Analysis o f variances for combining 

ability indicated the significance of sea effects controlling all the characters The 

line 88572, UC-134 and Nagina (tester) exhibited good gca for yield and other 

components Three piominent cross combinations namely, 88572 x Riogrande, 

Picdeneto x Riogrande and H- 24 x Riogrande were the valuable specific 

combiners for yield
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Sekhar et al (2010) raised a 10 x 10 half-diallel set by crossing the single 

cross hybrids and 45 double cross hybrids were developed Characters like 

number of fruits p l a n t p la n t  height and number of branches p lan t1 in tomato 

were under the control of non-additive gene effects Among the single cross 

hybrids, JK-Desi showed significant high gca for yield plant'1, number of fruits 

p lan t1 and plant height in desirable direction Two prominent hybnds namely, JK- 

Desi x Sasya and JK-Desi x Shivaji exhibited significant sea effects for yield 

p lan t1

According to Chattopadhyay et al (2011), there exists a significant role o f 

additive gene action in inheriting the characters like days to 50 percent flowenng 

and percent disease incidence The study also recorded the importance o f both 

additive (gca) and non additive (sea) gene actions m controlling polar diameter, 

thickness of pericarp and acidity o f Iruit Non additive gene action played a 

prominent role in regulating the expressions of fruit weight, fruit number plant *, 

locules f ru itL, total soluble solids and fruit yield p lan t1 The crosses CLN2777G x 

BCT-59 and CLN2777A x BCT-82P were good specific combiners for yield and 

quality with low PDI for ToLCV

Gene action and combining ability studies m tomato using line x tester 

analysis was conducted by Kansouh and Zakher (2011) The ratio of gca by sea 

was less than one which indicated the significance o f non-additive variance m 

controlling almost all of the characters The parent G 16 was the good combiner 

for plant height, mam stem length, early and total yield, fruit firmness, TSS and 

vit C content The cross combinations, S 60 x G 19, S 125 x G 19, G 30 x SSB 

and G 30 x Peto 86 were considered the best specific combiners, since they 

showed significant sea values for five traits

Angadi et al (2012) reported greater magnitude o f sea variance than gca 

variance for all parameters in a L x T analysis which clearly suggested greater 

influence of dominance (sea) effect The lines DMT-1 and DMT-2 (tester) were 

good general combiners for yield Among 45 hybrids studied, DMT-1 x Arka
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Alok, DMT-1 x DMT-2, DM-3 x DMT-2 and DM-5 x Arka Alok were found to 

have high sea effects for yield

Amin et al (2012) studied the nature o f gene action and inheritance 

pattern of tomato for different characters like days to fruit setting, days to first 

harvest, plant height, number of primary branches p lan tl, fruit shape (size), flesh 

thickness, number of fruits plant ’, fruit weight (average) and yield p lan t1 None 

of the paients had the desirable combining ability effects for all the characters 

individually as well as under pooled environmental conditions However, based 

on the performance of genotypes for most o f the traits, significant gca was 

observed m the parents Arka Vikas, KS-227, Roma, DVRT-I and DARL-63

An investigation was conducted by Farzane et al (2012) in a 10x10 diallel 

cross set o f tomato, including reciprocal crosses and reported that both gca and 

sea variances played a significant role and relative magnitude o f these variances 

revealed greater influence o f additive gene effects for all characters For yield and 

number o f fruits p lan t', the parent Mb3 was found to be the good combiner 

Among the hybrids, Mb3xPrg showed high sea for fruits p la n tM b 3 x S p s  for 

average fruit weight, Supl44xSps for locule number and PrgxSupl44 for yield 

p lan t1

Line x tester analysis was carried out by Kuman and Sharma (2012) to 

study the combining ability effects m tomato Additive gene effects showed its 

significance in governing the traits like fruit shape index, thickness of pericarp, 

number of seeds fruit ’and ascorbic content of fruit while the remaining characters 

were under the supremacy o f non additive gene effects The hybrids, Sioux x FT-5 

(269 07), EC 521041 x FT-5 (148 91) and S-1001 x Solan Vajr (143 59) were 

found to be good specific combiners for yield

A L x T mating experiment involving three lines and three testers was 

conducted by Shende et al (2012) and reported that TSS was under the great 

influence of both gca and sea effects while, other characters were controlled by 

non additive gene effects The parents, ‘CLN2498-D’, ‘CLN2762-A’ and ‘BCT-



110’ exhibited greater gca effects for yield and processing qualities The two 

promising cross combinations namely, CLN2498-D x DVRT-2 and CLN2777-C x 

BCT-53 were regarded as the best specific combiners for yield

Souza et al (2012) evaluated 15 genotypes o f tomato and observed 

pronounced sea variance than gca variance for all the parameters suggesting the 

significance of non additive gene effects The parent, I AC-2 was treated as the 

best for fruit yield smce the gca effect was prominent which was followed by the 

lines IAC-4 and IAC-1 For yield, the crosses IAC-1 x IAC-2, IAC-1 x IAC-4 and 

IAC-2 x IAC-4 were found to be the best specific combiners

In a line x tester crossing study conducted by Raju et al (2012), the 

parent, EC 14505 7 was the good combiner for fruit weight, fruit length, fruit 

diameter and ascorbic acid content since it recorded high gca effects The cross 

combinations, EC257489 x Arka Saurabh, EC338735 x Marutham and EC163663 

x Pusa Ruby were found to be good specific combiners for yield plant"1 smce sea 

effects were high

Farzane et al (2013) carried out complete diallel analysis using nine 

parents to study the combining ability o f tomato All the characters were m 

association with the pronounced results o f both gca and sea effects except plant 

height The cross Sps><Supl44 recorded good sea for plant height The hybnds 

V fjxptel2, Prg xSupc and SpsxMb3 showed earliness among the different crosses 

involved in the study

Tomato genotypes which are having resistance to bacterial wilt were 

examined for combining ability and gene action over different environmental 

conditions by Kapur et al (2013) They observed that sea effects regulated the 

characters like days to 50 % flowering, thickness o f pencarp, plant height (cm), 

haivesting penod, marketable yield p lan t1 and total soluble solids under different 

environments Howevei, additive gene effects influenced days to first harvest, 

number of fruits p lan t', fruit weight and locule number f ru it1 The crosses, BWR-



5 x 16-B, 17-2 x CLN1314G and 7-2 x Palam Pride were recorded as the best 

combiners under both the environments

Kumar et al (2013) developed thirty Fj hybrids o f tomato derived irom 

line x tester analysis by using ten diverse lines and three testers For earliness and 

average fruit weight, the parent Punjab Upma exhibited high gca effects Pant T-3 

exhibited significant gca effects for yield Among the hybrids developed, CO-3 x 

AzadT-5 had high sea effects for all desirable characters

Saleem et al (2013) conducted diallel analysis in tomato for yield and its 

contributing traits and reported that characters like days to fruit maturity, plant 

height, fruit number p l a n t f i u i t  length and yield p lan t1 were under the great 

influence o f sea effects as the gca by sea ratio was less than one For fruit weight 

it was observed to be moie than one, which pointed the pronounced gca effect 

B26 and B27 weie the paients which concede the importance o f gca  for yield and 

its attributing characters and among the cross combinations, B23 x B27, B25 x 

B26 and B24 x B27 showed the vital importance of non additive components for 

yield

Shankar et al (2013) reported the preponderance of sea effects m the 

characters fruit number cluster 1 and yield p lan tl, on evaluating 24 Fi hybrids 

along with their parents, by using line x tester method Among the parents LE-53, 

LE-64 (lines) and Arka Alok (tester) were considered as better combiners for 

almost all the characters Significant sea effects were exhibited by the hybrids, 

EC-157568 x Arka Vikas, EC-163611 x Arka Alok, LE- 62 x Arka Alok and LE- 

64 x Arka Vikas for yield p lan t1

Thirty Fi hybrids of tomato derived from a cross between ten lines and 

three testers m a line x tester method by Yadav et al (2013) Most of the 

characters in the study weie regulated by sea variances Based on the combining 

ability for gca, the parents Pant t-7, potato leaf and NDTVR-60 were treated as 

the best ones for ten characters The hybrids, RCMT-2 x VR-20, LCT-6 x VR-20



and Azad T-5 x VR-20 showed superior performance for all the traits, hence were 

regarded as good specific combiners

Gabry et al (2014), in a diallel cross system without reciprocals, observed 

that most o f the characters were influenced by non additive gene effects The 

parent Super Strain (Pi) exhibited good gca for fruit firmness and fruit yield per 

plant The Fj hybrid CastelRock x Peto-86 (P3 x p4) showed high sea for fruit 

shape index, fiuit weight and fruit yield p lan t1

In a half diallel set involving seven paients, Muttappanavar et al (2014) 

developed twenty one crosses of tomato Additive gene effects played a 

significant role in inheriting all the parameters which showed the presence of 

higher gca variances Based on the performance o f genotypes for combining 

ability, the parent IIHR-2754 was the best general combiner for yield p lan t1 The 

crosses, IIHR-2754x IIHR-2860 exhibited greater magnitude o f sea for yield 

p lan t1 which was followed by IIHR-2858xIIHR-2866

Raj an (2014) earned out a study involving six tomato lines o f diverse 

nature and three testers having resistance to fruit borer Most o f the characters 

were under the predominance of non additive genetic variances For yield and 

other traits, the parents EC461070, EC461018 and MTM Local were observed to 

be the best combiners and among the crosses, EC 461070 x MTM Local was the 

good specific combiner

Baban et al (2015) crossed eight tomato lines in a diallel method 

excluding reciprocals and reported that the characters viz fruit-polar and 

equatorial diameter and number of locules fru it1 were influenced by both gca and 

sea effects which showed the prominent role of both additive and non additive 

genetic variances However, the characters fruit weight, thickness o f pericarp and 

finnness of fruit were controlled by the additive gene effects due to high gca 

variance The hybrids, GT 1 x Ec 177371 and H 24 x Ec 490130 were the 

valuable combiners for fruit firmness
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A line x tester analysis was undertaken by Basavaraj et al (2015) 

involving fifteen lines and three testeis The lines v iz , T-26, T-36, Swama 

Naveen, Vaibhav, DMT-1, DMT-5, S-22 and HUB-18 and the testers Arka Abha 

and DMT-2 were identified as good combiners for all characters Similarly the 

ciosses v iz , S-22x Arka Abha, DMT-5 x Arka Alok, DMT-5x Arka Abha and T- 

26 x DMT-2 were identified as the good specific combiners for yield plant' 1 and 

Swama Naveen x Arka Alok and T-36x Arka Alok were found to be superior for 

processing qualities

Chaudhan et al (2015) evaluated 28 Fi hybrids o f tomato in a half diallel 

analysis and reported the significance o f both gca and sea effects in the 

inheritance o f all characters which indicated the vital role o f both additive as well 

as non-additive gene effects Among the parents, AT-3, GT-2 Vybhav and 

Flordade weie treated as the valuable combiners for yield by exhibiting high gca 

effects The hybrids, DVRT-2 x IIHR 2195, AT-3 x JT-3 and JT-3 x DVRT-2 

were found to be good specific combiners by disclosing high sea effects for fruit 

yield p lan t1

A half diallel analysis in tomato was conducted by Pandiarana et al 

(2015) and observed that fruit weight was under the control of additive variance 

while all other traits were influenced by non-additive gene effects The parents 

CLN 2777E, BCT-115 and CLN 2777F showed high gca for yield p lan t'and  

other important horticultural traits The prominent sea effects for yield p lan t1 and 

other desirable horticultural traits was seen in the hybrids, CLN2777F x Ailsa 

Craig fulgens, CLN 2777E x Ailsa Craigogc, CLN 2777E x Ailsa Craig fulgens 

and CLN2777F x CLN2777E

Zengin et al (2015) used fifteen lines as female and two testers as male 

parents m order to develop thirty cross combinations o f tomato by using LxT 

method The variance due to sea was gi eater than gca showing the superiority o f 

non additive gene effects in controlling almost eight characters The parent, BH- 

135 showed high gca for yield p lan t1 and days to first flowering, BH-93 for days
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to first fruit ripening, BH-28 for early harvest and yield p la n t1 and G-8 for plant 

height and fruit weight

A diallel analysis o f tomato was carried out by Figueiredo et al (2016) 

and reported that characters like total fruits p la n t’, marketable yield, pulp yield 

and total soluble solids were under the pronounced sea  effects while, average fruit 

mass was controlled by additive (gca) effects The crosses, RVT-08 x RVT-09, 

RVT-07 x RVT-10 and RVT-08 x RVT-10 weie noted as the valuable combiners 

for all the traits examined under the study

A study was conducted in a 6 x 6 full diallel cross set o f  tomato by Aisyah 

et al (2016) and observed that the variances for gca  and sea were highly 

significant indicating the prominence o f both additive as well as non-additive 

gene effects except the fruit thickness The tomato genotype IPB 78 is parental 

with the best gca  for yield p la n t ', fruit weight (average), fruit length and 

thickness The hybrid IPB T73 x IPB T3 was pointed as the best combmer for 

yield and number o f fruits p la n t1

2 4 BACTERIAL WILT DISEASE

O f the major diseases o f tomato and other solanaceous crops, bacterial wilt 

is considered as the most serious (Milling et al 2011) Bacterial wilt o f tomato 

caused by R ahtom a solanacearum  (Smith) has provided many enigmas for 

scientists working on tomato and other crop species Although it is difficult to 

estimate total economic losses caused directly or indirectly by bacterial wilt, it 

ranks one o f  the most important plant diseases in the entire world 

(Gnanamamckam, 2006)

The disease is endemic in tropics, subtropics and warm humid regions o f 

the world It is especially devastating during the warm wet months m  the tropics 

and subtropics and causes incalculable losses to many hosts The yield loss due to 

this disease is up to 90 62 per cent (Dharmatti et al 2009)

Generally, the losses due to bacterial wilt depends on several factors which 

mainly includes the local climate, types o f soil, different croppmg practices,
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choice o f  crop and plant cultivar and the virulent characteristics o f  the 

R solanateaium  local stiain (Alvarez et a l , 2010)

2.4.1 Germplasm evaluation

An experiment was conducted by Narayanankutty (1985) with a view to 

develop new source o f resistance to bacterial wilt Four non- segregating and two 

segregating populations were evaluated for bacterial wilt resistance Among the 

segregating population, Saturn x LE 79 was found to have resistance to bacterial 

wilt in F2 generation Among the non- segiegating ones, LE 79 showed moderate 

resistance, while Saturn was in moderately susceptible to susceptible range

A study was conducted to evaluate tomato lines for bactenal wilt 

lesistance by Sadhankumar (1995) It revealed consistent resistance o f Sakthi and 

Mukthi and also identified four additional sources viz LE 214, CAV-5, LE 415 

and LE 382-1 for bacterial wilt resistance The study suggested the importance o f 

recessive genes in governing lesistance to bacterial wilt in these lines

Two lines o f tomato (LE 36 and LE 26) with better fruit size were crossed 

with six wilt resistant lines (LE 1, LE 12, LE 21 LE 23, LE 27 and LE 66) having 

low fruit size and Fj seeds were collected under field trials at ARS, Mannuthy 

Twenty one lines were found resistant to bacterial wilt (Gopalaknshnan, 2004)

Twenty-four varieties and lines o f tomato were evaluated for yield, quality 

and bactenal wilt resistance for two consecutive years O f the 24 varieties studied, 

LE-3704 gave the highest average fruit yield o f 30815 kg ha 1 followed by BT-1 

(30478 kg ha ') These varieties also produced the largest number o f fruits per 

plant Hundred peicent resistance to bactenal wilt was recorded m BT-118-4-1-1, 

BT-116-8-1-1, and Tomato-415 during both years (Swaroop and Suryanarayana, 

2005)

Evaluation o f tomato against bacterial wilt in Jharkhand was done by 

Sharma et al (2006) Eight tomato parental lines and 28 Fi crosses were tested m 

bacteria (R solanacearum ) sick plot Five most promising parental lines and four 

F| crosses were tested during rainy season to evaluate the yield and resistance



Data revealed that three parental lines viz CHDT-4 (EC 339074 released as 

Swama Lalima), CH-180 (BT-17) and CHDT-5 (EC-369060-A released as 

Swama Naveen), and three Fi crosses CHDT-4 x CHDT-1 x CHDT-1 x CH-180 

and CH-195 x CH-180 showed resistant reaction to bacterial wilt Among the Fi 

crosses, CHDT-4 x CHDT-1 (EC-339074 x EC-386021 recently released as 

Swama Sampada), CHDT-1 x CH-180 (EC-386021 x BT-17) and CH-195 x CH- 

180 (Sonah x BT-17) showed resistant reaction The Fi cross EC-339074 x EC- 

386021 (Swama Sampada) was found superior to the others in terms o f resistance 

and yield in a sick plot

Three screening methods were used by Wang et al (2007) to identify the 

resistance o f  nine tomato lines The lines 85198 and 203 were found susceptible to 

bacterial wilt whereas, 47254, 51255, 7585 and 85254 showed resistance to 

bacterial wilt

Techawongstien and Thummabenjapone (2009) conducted screening of 

tomato varieties for bactenal wilt resistance in Thailand. Three tomato lines A4-7- 

1-1-5, THBW104, and THBW109 carried high levels o f bacterial wilt resistance 

(20% o f wilt incidence) and good fruit yield performances (>1200 g/plant) A4-7- 

1 -15  line showed the best stability, followed by X12207B-5, X12207B-4-2, and 

A 2-10-3-1 for bacterial wilt resistance and good yield performances

Screening tomato cultivars for high p-carotene and bacterial wilt resistance 

was done by Sangnt et al (2011) under open field and plastic net house Thirty 

two cultivars during diy season and 12 cultivars during ramy season were 

evaluated for bactenal wilt resistance and yield The cultivars 222, 223, 225 and 

226 gave the highest fruit yield and resistance to bacterial w ilt during dry season 

No resistant cultivars were detected during ramy season

Dutta and Rahman (2012) conducted varietal screening o f tomato against 

bacterial wilt disease using vascular bundle discoloration index (VBDI) and 

observed that four tomato vaueties viz Swarakhsha, Rakshak, Trishul and Arka 

Alok were moderately resistant (>10 -  20% mortality), vaneties Yash Fi Hybrid,
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TO 1458, Hybrid 7610 and Fj Amulya 1744 moderately susceptible (>30 -  70% 

mortality) and Loknath and Arka Vikas highly susceptible (>70 -  100% 

mortality)

Screening of tomato genotypes against bacterial wilt under field condition 

was conducted by Tiwari et al (2012) Twenty genotypes were screened along 

with two checks Cherry Jaspur had high resistant reaction (HR); three genotypes 

v iz , ATL- 01-19, Pant T-10 and CO-3 recorded moderate resistance in field 

condition against bacterial wilt

2.4.2 Heterosis and combining ability

A line x tester analysis was carried out among bacterial wilt resistant 

accessions and processing vaneties by Kunan et al (2001) and identified superior 

hybrids for the characters like fruit weight (average), number of locules, thickness 

of pericarp and yield p lan t1

Sadhankumar et al (2007) studied heterosis m bacterial wilt resistant 

tomatoes The crosses, LE 415 x Mukthi, LE 415 x Sakthi, LE 415 x BWR-1 and 

Sakthi x Mukthi were found to have good level of resistance to the disease with 

survival percentage of 97 5%, 95%, 90% and 82 5% respectively The hybrids LE 

415 x LE 421, Sakthi x LE 421, Sakthi x BWR-1, Mukthi x LE 421, Mukthi x 

BWR-1 and LE 421 x BWR-1 were categorized as moderate resistant ones for 

bacterial wilt

The female parent 'T9175’, having high level of resistance to bacterial wilt 

was crossed with male parent 'T9185' and 'Zheza 204’ hybrid was developed This 

was an excellent hybrid having multiple disease resistance to bacterial wilt, 

fusarium wilt, leaf mould and tomato mosaic virus (Qmg et a l , 2007)

A study was conducted to estimate the heterosis for bacterial wilt 

resistance in tomato by Vnupannavar et al (2010) using line x tester method 

Among the 40 hybrids studied, DMT-6 x DMT- D, DMT-2 x IMP-B and DMT-5 

x DMT-D were found to be supenor over commercial check Ruchi for bacterial



wilt resistance and significantly superior for higher fruit yield p lan t*, fruit weight 

(average) and number of fruits p lan t1

Thirty nine hybrids o f tomato derived from 13 lines and 3 testers were 

produced by Singh and Asati (2011) to examine their combining ability and 

heterosis for different traits like plant height, number o f primary branches plant 

fiuit weight, yield p lan t1 and bactenal wilt incidence Higher magnitude o f 

heterobeltiosis for yield p lan t1 and plant height imder bactenal wilt condition was 

shown by the hybrid Type-1 x KT-15

Heterosis for yield in tomato was studied by Singh et al (2012) using 7x7 

diallel cioss (excluding leciprocals) between bactenal wilt resistant genotypes and 

high yielding varieties For number of fruits per plant, three crosses v iz , BRH-2 x 

LO-5973 (38 88%), Arka Ahuti x TWC-4 (36 30%) and Arka Vikas x TWC-4 

(27 12%), for fruit weight CLN- 2026-D x LO-5973 (62 70%), Arka Ahuti x LO- 

5973 (62 51%) and Arka Ahuti x CAU-TS-9 (24 12%) and for yield per plant 

Arka Ahuti x LO-5973 (45 89%) and Arka Ahuti x CAU-TS-9 (21 63%) showed 

significant heterosis over BP

2.4.3 Inheritance pattern

The inheritance pattern o f bactenal wilt resistance is complex and 

contradictory, conflicting conclusion about the genetic control on resistance could 

be attributed to stiong genotypes x environment, involving polygenic systems in 

both host and pathogen and pathogen variability

Table 1 Genetics o f bacterial wilt resistance

M aterial Gene action Reference

Sakthi Single recessive gene Kurian and Peter, 1991
. . . OUgogenes Danesh et a l , 1994

Hawaii - 7996 Monogenic dominant Gnmault et a l , 1995
Hawaii 7996 x L 
pimpmellifohum

Polygenic T hoquetef« / ,  1996

LA 1421 Duplicate form of epistasis Mohamed, 1997
L 285 and C 285 Dominant gene Patil, 1998
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— Additive-dominance Osiru et a l , 2001
— Non-additive gene & 

presence o f epistasis
Venkataramana, 2001

— Additive - dominance Feng et a l , 2003
— Polygenic Wang, 2004
— Single dominant gene Zhu, 2004
— Single recessive gene Thakur et a l , 2004

Hawan-7998 x Solan Gola, 
Hawaii-7998 x Roma, BT-18 
x Solan Gola and TBL-4 x 
Solan Gola

Additive, dominance & AxD 
interaction

Sharma and Verma, 2004

Hawaii - 7996 Single major genes and 
several minor genes

Scott et a l , 2005

Hawan-7998 x Solan Gola, 
Hawaii-7998 x Roma, BT-18 
x Solan Gola and TBL-4 x 
Solan Gola

Additive - dominant Sharma et a l , 2005

BL-312 x Roma Complementary or duplicate 
recessive gene interactions

Sharma et a l , 2006a

Hawaii 7998 x Roma Dominant and recessive or 
inhibitory type o f gene action

Sharma et a l , 2006b

Hawaii -7998 x Solan Gola, 
Hawan-7998
x Roma, BT-18 x Solan Gola 
and TBL-4 x Solan Gola

More than one interacting 

genes

Sharma and Sharma, 2015
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3. MATERIALS AND METHODS

The experiment entitled “Development of hybrids with bactenal wilt 

resistance m tomato (Solanum lycopersicum L )” was conducted in the 

Department o f Olericulture, College of Agriculture, Vellayam, during 2015- 16 

The objective of the experiment was to develop Fj hybrids of tomato with high 

yield, quality and resistance to bacterial wilt

The experimental site is located at 8 5° North latitude and 76 9° East 

longitude, at an altitude of 29 00 m above mean sea level Predominant soil type 

of the experimental site is red loam to Vellayam series, texturally classified as 

sandy clay loam The area enjoys a warm humid tropical climate

The experiment comprised of two parts 

Part 1 Production of Fi hybrids 

Part 2 Evaluation of F i hybrids 

3 1 PRODUCTION OF Fi HYBRIDS

3.1.1 Experim ental materials

The expenment was done in a line x testei fashion using seven lines and 

three testers Seven high yielding genotypes identified and maintained m the 

Department of Olericulture, College of Agriculture, Vellayam were selected as 

lines The testers were the bacterial wilt resistant varieties released from the 

Kerala Agricultural University v iz , Anagha, Manulekshmi and Vellayam Vijai

The ten parents were planted in a crossing block for hybridization during 

January - May 2015 and were crossed in a line x tester fashion involving seven 

lines and three testers to produce 21 Fi hybrids The detailed descnption of 

parents and crosses are given in Tables 2, 3 and 4 (Plate 1, 2, 3 and 4)



Table 2 Details o f parental lines used for hybridization

SI No Code
number

Accession
Numbei

EC No / Accession 
Name

Source

1 L, LE 3 EC-775047 AVRDC, Taiwan
2 U LE 12 EC-570017 NBPGR, New Delhi
3 l 3 LE 13 EC-570021 NBPGR, New Delhi
4 u LE 16 EC-608244 NBPGR, New Delhi
5 U LE 19 EC-608363 NBPGR, New Delhi
6 U LE 20 EC-608365 NBPGR, New Delhi
7 L7 LE 26 EC-685176 NBPGR, New Delhi

Table 3 Details o f testers (bactenal wilt resistant) used for hybridization

SI Code Accession Name Source
No number
1 T, Anagha KAU, Vellamkkara
2 t 2 Manulekshmi KAU, Vellamkkara
3 t 3 Vellayam Vijai KAU, Vellayam

Table 4 Details of hybrid combinations

SI No Parents Cross combinations
1 Li x T i LE 3 x Anagha
2 L ix T 2 LE 3 x Manulekshmi
3 Li x T3 LE 3 x Vellayam Vijai
4 L2x T i LE 12 x Anagha
5 L2 x T2 LE 12 x Manulekshmi
6 L2 x T 3 LE 12 x Vellayam Vijai
7 L3 x  T i LE 13 x Anagha
8 L3 x T 2 LE 13x Manulekshmi
9 L3 x T 3 LE 13 x Vellayam Vijai
10 L4 x T t LE 16 x Anagha
11 L4 x T2 LE 16 x Manulekshmi
12 L4x t 3 LE 16 x Vellayam Vijai
13 L5x T | LE 19 x Anagha
14 Ls x T2 LE 19 x Manulekshmi
15 L5 x Tj LE 19 x Vellayam Vijai
16 L6 x T j LE 20 x Anagha
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Plate 1 Fruits o f  parents used in the h \b n d isa t io n



Plate 2 Parent al  l int s  used as e x p e r i m e n t a l  mat er i al



Plate 3 I esters (baeterial wilt resistant) used 111 he b n d i/a t io n

1

\ n a g l i a  ( I i) M a n u l e k s l i m i  (



Plate 4 D e s e l o p m c n t  ol  F! h s h r i d s  in a cros s i ng  bl ock



17 L6x T 2 LE 20 x Manulekshmi
18 L6 x T3 LE 20 x Vellayam Vijai
19 L7 x T| LE 26 x Anagha
20 L? x T2 LE 26 x Manulekshmi
21 L7x T 3 LE 26 x Vellayam Vijai

3.1.2 Selling and crossing technique

In tomato, anthesis occurs between 7 and 8 a m  The well developed 

flower buds which are expected to open the next day morning were emasculated 

by the removal of antheis using forceps during evening hours and bagged using 

butter paper covers On the next day morning (between 7 and 8 a m )  emasculated 

flower buds weie pollinated by the pollen from the male parents (testers) The 

pollinated buds were again bagged with paper bags and labeled The mature 

ciossed fiuits weie harvested and the seeds were collected separately from each 

cross For maintenance of parental lines, flower buds o f the ten parents were 

selfed by bagging the individual buds and properly tagged and later the seeds 

were collected from the mature fruits

3 2 EVALUATION OF F, HYBRIDS

3.2.1 Materials

The 21 Fi hybrids derived from the line x tester mating and their 10 

parents and two hybrid checks viz Indam 9802 (Indo - American Hybrid Seeds 

Pvt L td ) and Lekshmi (Nunhems seed Pvt L td ) were evaluated in the field to 

study the heterosis, combining ability and gene action

3.2.2 Methods

3.2.21 Design and Layout

The experiment was laid out as fallows
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Design RBD (Randomized Block Design)

Replication Three

Treatments 33 (21 F| hybnds + 10 parents + Indam 9802 and Lekshmi as
check)

Spacing 60 cm x 60 cm

Plants/ plot 20

Plot size 7 2 m2

Season September 2015 -  January 2016

One month old protray seedlings at 3-4 leaf stage were transplanted into 

the mam field at a spacing of 60 x 60 cm The crop received timely management 

practices as per package of practices recommendations of Kerala Agricultural 

University (KAU, 2011)

3.2.2.2 Main Items of Observations

Five plants weie randomly selected in each treatment per replication to 

record the observations and the average was worked out for statistical analysis To 

recoid the obseivations on fruit characters, five fruits randomly selected from 

each treatment in each replication were used Observations on the following 

characters were recorded in this experiment

3.2 .23  Vegetative Characteis

3.2.23.1 Plant height (cm)

Plant height was recorded from the ground level to the top-most bud leaf 

of the plants at the tune o f final harvest and presented in centimeters

3.2.23 2 Height at flowenng (cm)

Height of the observational plants from ground level to the first flower bud 

at the time of fust flowering was recorded
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3.2.2.3.3 Node to firs t utfloi escence

Number of the node at which emergence o f first inflorescence of the 

observational plants from ground level was recorded

3.2.2.3.4 Prim aty branches p la n f1

The total number o f primary branches o f each observational plant at 

harvest was recorded

3.2.2.3.5 Leaf length (cm)

The length o f leaf was measured as the distance from the base of the 

petiole to the tip of the leaf and expressed in centimeters

3.2.2.3.6 L eaf width (cm)

The width of the same leaf used for recording leaf length was taken at the 

region of maximum width

3 2.2.4 Floweim g Chaiacteis

3.2.2.4.1 Days to fu s t  jlow eiing

Numbei of days from the date o f transplanting to first flowering o f 

observational plants was recorded and the average obtained

3.2.2.4.2 Days to f t  utt set

Number o f days taken fiom anthesis to the emergence of young fruits from 

the calyx was recorded and the average obtained

3.2.2.4J Flowers clustei

Numbei of flowers per cluster was recorded from the same cluster which 

was tagged for taking obser\ ation on days to fruitset and the mean obtained
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3.2.2.4 4 Inflorescence p la n f1

Total number of inflorescences per plant was recorded and the mean 

obtained

3.2.2.4.5 Fruit set (%)

Number of flowers per cluster of the same inflorescences tagged for 

recording days to fruit set was counted Number of fruits present per cluster after 

two weeks o f flowering was recorded and percentage fruitset was calculated using 

the formula

Percentage fruitset = Number o f fruits / inflorescence x 100

Number o f flowers / inflorescence

3 2 .2J .6  Pollen viability (%)

Pollen viability of the flowers o f the observational plants were analysed 

using acetocarmine dye method and expiessed m percentage

3.2.2.5 Fi uit and Yield Characteis

3.2.2.5.1 Fruits cluster 1

Number of fruits per cluster o f the observational plants were recorded and 

the mean obtained

3.2.2.5.2 Fruits p la n f1

Total number of the fruits harvested per observational plant till last harvest 

was recorded and the mean obtained

3.2.2.5.2 Ft uit length (cm)

Fruit length was measuied as the distance from pedicel attachment o f the 

fruit to the apex using vernier calipers Average was taken and expressed m 

centimeters
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3.2.2.5.3 Fruit girth (cm)

Fruit girth was taken as diameter at the maximum width o f the fruit usmg 

vermei calipers Mean was taken and expressed in centimeters

3 2.2.5.4 Fruit weight (g)

Weight o f fruits used for recording fruit length and girth was measured 

and aveiage was found out and expressed in grams

3.2.2.5.S Y ie ldp lan f1 (g)

Weight o f all fruits harvested from each observational plant was recorded 

and expiessed m grams

3.2 2.5 6 Y ie ldp lo f1 (kg)

The total weight o f fruits from each plot (7 2 m2) after every harvest was 

recorded and expressed in kilograms per plot 

3 2 2.6 Quality chaiacteis

3.2 2.6.1 lo ta lso lu b le  solids (%)

The juice was extracted by crushing the fruits in a muslin cloth and the 

total soluble solids was measured usmg Abbe hand refractometer

3.2 2.6.2 Lycopene (mg/1 OOg)

Lycopene content o f the fruits was estimated at full ripe stage by following 

the method o f  Srivastava and Kumar (1949)

Reagents

Acetone, petroleum ethei (40-60 degree celcius), anhydrous sodium 

sulphate and 5% sodium sulphate 

P rocedure

The fruits were harvested at red ripe stage and ciushed with the help o f 

pestle and mortar and pulped well to a smooth consistency in a  blender Five gram 

o f  this pulp was weighed and the pulp was extracted repeatedly with acetone 

using pestle and mortar until the residue is colourless The acetone extracts were 

pooled and transferred to a separating tunnel containing about 20 ml petroleum
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ether and gently mixed About 20 ml ot five per cent sodium sulphate solution 

was washed and shaken in a separating funnel gently Since the volume of 

petroleum ether might be reduced dunng the process because o f its evaporation, 

20 ml more o f petroleum ether was added to the sepaiatmg funnel for the clear 

separation of two layers The colour was prominent in the upper petroleum ether 

layer The two phases weie separated and the lower aqueous phase was re­

extracted with additional 20 ml o f petroleum ether until the aqueous phase was 

colourless The petioleum ether extracts weie pooled and washed with a little 

distilled water The washed petroleum ether extract containing carotenoids was 

poured into a brown bottle containing about 10 g anhydrous sodium sulphate and 

kept aside for 30 minutes The petroleum ether extract was decanted into a 100 ml 

volumetric flask through a funnel containing cotton wool Sodium sulphate slurry 

was washed with petroleum ether until it was colourless and washings were 

transferred to the volumetric flask The volume was made up and absorbance was 

measured in a spectrophotometer at 503 nm using petroleum ether as blank

3.2.2.6.3 Ascoibic acid (m g /100 g)

Ascorbic acid content of tomato fruits was estimated using 2, 6- 

dichlorophenol indophenole dye method (Sadasivam and Manickam, 1996)

Reagents

1 Oxalic acid (4%)

2 Ascorbic acid (standard)

Stock solution was prepared by dissolving 100 mg o f ascorbic acid 

in 100 ml of 4 % oxalic acid Ten ml of this stock solution was diluted to 

100 ml with 4% oxalic acid to get working standard solution

3 2, 6 dichlorophenol indophenole dye

Sodium bicarbonate (42 mg) was dissolved in a small volume o f 

distilled water 52 mg of 2, 6-dichlorophenol indophenole was added into 

this and made upto 200 ml with distilled water

4 0



4 Working standaid

Ten ml of stock solution was diluted to 100 ml with 4 % oxalic 

acid The concentration of working standard is 100 mg per ml 

Procedure

Five ml o f the working standard solution was pippeted out into a 100 ml 

conical flask and 10 ml of 4% oxalic acid was added This was titrated against the 

dye (Vi) End point is the appearance o f pink colour which persisted for at least 5 

seconds

Five grams o f fresh fruit was extracted in four per cent oxalic acid 

medium, the extract was filtered and volume was made upto 100 ml using oxalic 

acid From this five ml of aliquot was taken, 10 ml o f 4% oxalic acid was added 

and titrated as above against the dye and the endpoint (V2) was determined 

Ascorbic acid content of the sample was calculated using the formula 

Amount of ascorbic acid m mg / 100 g sample = 0 5 x V2 x 100 x 100

Vi x 5 x Weight of sample

3.2.2.7 Incidence o f  bacterial wilt

The hybrids and parents were evaluated for the incidence o f bacterial wilt 

under field conditions Daily observation of plants was done for the incidence o f 

bacterial wilt and the disease was confirmed by doing ooze test The number o f 

plants wilted per plot was recorded

Table 5 Scoring procedure for bacterial wilt disease (Winsted and Kelmen, 

1952)

Scale Incidence (%) Category

0 Plants did not show any wilt symptom Highly lesistant (HR)

1 1 20% plants wilted Resistant (R)

2 21-40% plants wilted Moderately resistant (MR)

3 41-60% plants wilted Moderately susceptible (MS)

4 61-80% plants wilted Susceptible (S)

5 More than 80% plants wilted Highly susceptible (HS)
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3.2.2.8 Incidence o f  othei pests and diseases

3.2.2.8.J Fusaruun wilt

Fusarium wilt in tomato is caused by Fusai mm oxysporum f  lycopersici 

(Bruscht) Both the parents and hybrids were closely monitored for the incidence 

o f fusarium wilt

3.2.2.S.2 Spotted wilt (TSWV)

A scoring procedure with 0 to 5 scale was adopted for the incidence of 

spotted wilt based on the extent of damage to plants

Table 6 Disease scale for scoring TSWV

Score Symptoms

0 No symptom

1 Spots develop

2 25 % of leaf area infected

3 25 to 50 % of leaf area infected

4 50 to 75 % of leaf aiea infected

5 > 75 % o f leaf area infected and bud necrosis

3.2.2.8.3 Fiuit borer (Spodopteia htura)

Number of fruits infested per plant was counted The percentage 

infestation was worked out using the formula

Percentage o f infestation = Number o f infested fruits per plant x 100 

Total numbei of fruits per plant



Table 7 Scoring ptocedure for fruit borei

Score Symptoms

0 zero % infestation

1 upto 15 % infestation

2 15 to 25 % infestation

3 25 to 50 % infestation

4 50 to 75 % infestation

5 > 75 % infestation

3.2.2.9 Statistical analysis

3.2.2.9.1 Analysis o f  Vai lance

The statistical analysis used in the present study is presented under the 

following sub heading

1 Analysis of variance for line x tester design

2 Estimation o f heterosis

3 Estimation o f combining ability and gene action

3.2.2.9.2 Analysis of variance for the line x tester design

In order to find differences among parents, hybrids and parent vs hybrids, 

the data obtained for each character were analysed by Randomized Block Design 

(RBD) which was based on the following mathematical model 

Yik= |t+ gi+ A +e,K 

Where,

Y,k is the phenotype o f the ith genotype grown in the kth replication 

p is the general mean 

g, is the effect of ith genotype 

i\ is the effect of k'h block

elk is the error component associated with the ith genotype and k'h 

replication
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The effects in the above model were assumed to be fixed and unknown 

parameters except elk was assumed to be normal 1} and independently distributed 

with mean zero and common variance (a2) The analysis o f vanance based upon 

this model is given below

Table 8 Analysis o f variance for L x T design

Source of variance d.f. Sum of square

Replication r-1
r Y2k (Yk)2 

k=l g g r

Genotype g-1

g G2i (Gi)2
I --------------- -----------------------------(2)
i= l g g r

Parents p-1
p P2i (Pi)2
Z ------------ -------------------------- (3)
i= l r p r

Female (lines) f-1
F F2i (Fi)2 

r= l r f  r

Male (tester) m-1
m M"i (Mi)2
I --------------- -------------------------- (5)
r=l l m r

Line Vs Tester 1
( 3 ) - ( 4 ) - ( 6) ------------------- (6)

Hybrids mf-1
M l'C2i (Cl)2
I --------------- --------------------------- (7)
r=l r m f r

Parents Vs Hybrids 1 ( 2 ) - ( 3 ) - ( 6) -----------------------(8)

Error (r-1) (g-1) Total SS (1) (2) ----------------------(9)

Where,

r Number o f replications

g - Total number o f genotypes (hybnds+ lines+ testeis)

P - Number of parents (lines + testeis)

f  - Number o f female parents

m Number of male parents

Yk - total of kth replication over genotypes
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Gi - total of ith genotype over replication 

Pi - total of iU) paients ovei replication

Fi - total of ilh female parents over replication

Mi - total of ith male parents over replication

Ci - total of ith hybrid over replication

The mean sum ot squares were calculated by dividing the sum of squares 

by their respective degree of freedom and were tested against the error variance 

by F-test at five per cent and one percent level of significance

The standard error of difference (SEd) between the genotypic means and 

critical difference (CD) were calculated by using the following formula 

SEd = ± (2 MSE/i) 03 

Where,

MSE - error mean square 

r = number of replications 

C D  = t(g i)(r |)X S E ,|

Where, t (g u (r i) is the t value at (g-1) (r-1) degrees o f freedom

If the differences among the hybrids were found significant, only then 

combining ability analysis was done

3.2.2.9.3 Estimation of heterosis

The mean o f all the replications tor each parents, hybrids and check for all 

characters was computed and used in estimation o f heterosis Heterosis was 

calculated as the peicentage increase or decrease of mean Fi performance over the 

means ot mid paient (MP), better parent (BP) and the standard check (SC)

Mid parent value (MP) =

a) Heterosis over mid paient (MP) =

Where,

MP = Mean performance of paient Pi and P2

100 (Relative heterosis)

4 5



F i = Mean performance of hybrid

b) Heterosis over better parent (BP) = ^  x 100 (Heterobeltiosis)
BP

Where,

BP = Mean perfoimance of better parent

Fi = Mean performance of Fi hybrid
p  g Q

c) Heterosis over standard check (SC) = ——— x 100 (Standard heterosis)
SC

Where,

SC = Mean perfoimance of standard check

3.2.2.9.3.1 Test o f  Significance

Test o f significance was done by comparing the mean deviation with 

values of critical difference (CD) obtained separately for MP, BP and SC by using 

the following formula

r = Number o f replications

t = Table value o f ‘t’ at error degree of fieedom at 0 01 and 0 05 levels o f 

probability

m s e = Error mean sum of squares

3 2.2 9.4 Analysis of variance for combining ability

The combining ability analysis foi different characters was done as pei the 

model suggested by Kempthome (1957)

Mathematical model 

Y ijk = i-i + g,+ gj+ s,j + rk+ eljk

x ‘t ’ value

x ‘t ’ value

Where,
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Yyk is the performance o f (1 x j) th hybrid m kth replication 

|i is the general population mean

g, is the general combining ability (GCA) effect of ith line 

gj is the general combining ability (GCA) effect of j*  tester 

sy is specific combining ability (SCA) effect of the (1 x j) th 

rk is the effect of k!h replication 

e,jk is expenmental error associated with ijklh observation 

The effects in the above model were assumed to be fixed unknown 

parameters except eyk which is assumed to be normally and independently 

distributed with mean zero and common variance (a2) The analysis o f 

vanance based upon this model is given below

Where,

Table 9 Analysis o f vanance for combining ability

Source of 
variation

d.f. M.S.S. Expectations of mean square

Testers m hybrids (m-1) mhMS a2 + r[Cov (FS)-2Cov (HS)] + [fr Cov (HS))

Lines in hybrids (f-1) fhM a2+r [Cov (FS)] - 2Cov (HS)] + [mr Cov (HS)]

(Line x Tester) in 
hybrids (m l)(f-l) fmhMS a2+r[Cov (FS)-2Cov (HS)]

Error (r-l)(m f-l) eMS a 2

Total Mfr-1

The different sum of squares were calculated using the following formula

C F = (Y ) 2 /mfr

TSS = L S I k ( Y uk)2- C F

fliSS = E ,(Y , )2 /m r] -C F

mhSS “  Ex (Y j )2/fr] - C F

fmhSS = E ,S (Y ,j)2 / l ] - C F -  fhSS - mhSS

eSS = TSS E ,(Y  O2 / f c  -C  F 1- E ,S ( Y „)2 / r -  C F ]
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Y = total of all hybnds over all replication 

Yi = ilh female total

Y j = j lh male total

Yij = (i x j) th hybnd total

Y k = klh replication total

Cov (HS) = (mhMS + fliMS - 2fmhMS) / r (m+f)

Cov (FS) = [mhMS + fliMS + fmhMS - 3eMS + 6r Cov (HS) - r(m + 

f) Cov(HS)] / 3r

The diffeient sum of squaies were divided by their respective d f  to obtain 

mean sum of squares Fust o f all, fmhMS was tested against eMS If it was 

significant the both fhMS and mhMS were tested against fmhMS On the 

contrary, if  fmhMS was non-significant, then both fhMS and mhMS were tested 

against eMS

The variance due to the combining ability (a2gca) and specific combining 

ability to2sca) were calculated as under 

CT2oca = COV (HS)

a 2SCJ = Cov (FS) -  2 Cov (HS)

Additive variance (c2A), dominance variance (o2d) at F = 1 (tomato being 

a self pollinated crop) and degrees o f dominance were calculated as below 

<J2a = (^gca/Kl + F )/4 ] = 2a2gcl 

c2o =  o2sca/[ ( l+ F ) /2 ]  = a2SU(

Degree o f dominance = (2o2D / cj2a )  0 5

The proportional contribution of lines, tester and their interaction to 

hybnds variance (Sharma 1998) was calculated as 

Line contnbution (%) = [fhSS / cSS] x 100

Tester contribution (%) = [mhSS / cSS] x 100

(Line x testei) contnbution (%) = [fmhSS / cSS] x 100

Where,

cSS = sum of square due to hybnds

Where,

4 8



3.2.2.9.S Estimation of combining ability effects

The model adopted to estimate gca and sea effects o f ljk observations was 

as follows

Xijk = m + gi + gj + S ij + eijk

Where, jj, = population mean

gi = gca effects o f ith line

gi = gca effects o f jth tester

Sy = sea effects o f 1 x j cross

eijk= error associated with observation yk

The gca effects o f parents and sea effects of crosses (hybrids) were estimated as 

indicated below

General combining ability effects
ii x ...

(a)Lm e - g i =

(b)T e s te r s  g , —

t X r  1 x z x r  

X .
5j I X  r  l X  t X  r  

Specific com bining ability effects

XU * 1. *  .
y _  7 t X  1 1 X t  I X t  X I

Where, / = numbei o f lines 

t = number o f testers 

r = number o f replications 

gi = gca o f ith line

xi = total o f ith line over all the testers 

x = total o f all the crosses 

gi = gca o f jth testers

Xj = total o f jth testeis over all lines and replications 

S ij “  sea effects o f i x j crosss 

x j = total o f cross l x j  over all replications

4



Standard errors of gca and sea effects

jError variance
SE (GCA) for lines =4 t x r

[Error variance
SF (GCA) for testers = 4

j Error variance
SE (SCA) ^

2 Error variance
SE for (BP and Check) =4 r

Critical differences (CD) were calculate by multiplying the SE with table ‘t ’ value 

at 5 per cent and 1 per cent o f probabilities for error degrees of freedom

•TO
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The lesults obtained from the present study entitled “Development o f hybnds 

with bacterial wilt resistance m tomato (Solanum lycopersicum L )” are presented 

under the following headings Field view o f this experiment was given m Plate 5

1 Analysis of vanance for expenmental design

2 Mean peiformance o f parents and hybrids

3 Estimation o f heterosis

a) Relative heterosis (RH)

b) Heterobeltiosis (BH)

c) Standard heterosis (SH)

4 Combining ability analysis

a) Analysis ot variance for combining ability

b) Estimates of combining ability (gca  and sea) effects

5 Components of genetic variance

6 Pioportional contribution

7 Incidence of pests and diseases other than bacterial wilt

4 1 ANALYSIS OF VARIANCE FOR EXPERIMENTAL DESIGN

The abstract o f ANOVA for all the characters are presented in Table 10 

Anal) sis o f variance revealed that the lines were significantly different for plant 

height, height at flowenng pnmary branches p lan t1, days to fruit set, 

flowers cluster infloiescence p lan t1 fruits p l a n t f r u i t  length, fruit girth, fruit 

weight, yield p lan t1 and yield p lo t1 while the testers were significantly different 

for height at flowenng, leaf width, days to first flowering, flowers cluster1, 

fruits cluster ‘, fruit length, fruit girth, fruit weight, TSS, lycopene and bacterial 

wilt incidence (%) Line x Tester interaction was significant for all the chaiacters 

except flowers cluster 1

Analysis of vanance revealed significant diflerence among the parents and 

crosses foi all the traits Among the parents Vs crosses, significant difference was

4. RESULTS

5 1



1S
S

T ab le  10 L ine x  T ester A N O V A  sum m aiy

Nv  Traits 

Sources N.

Degree of 
freedom

Plant height 
(cm)

Height at 
flowering 

(cm)

Node to first 
infloi escence

Primai y
branches 

p lant'

Leaf
length
(cm)

Leaf
width
(cm)

Days to first 
flowering

Days to fruit 
set

Replication 2 00 12 85 9 29 0 16 041 1 49 0 68 1 20 0 00
Lines 6 00 795 78** 15701** 0 16 20 79* 29 80 10 05 28 25 3 29**

Testers 2 00 549 82 114 37* 0 16 20 40 27 23 17 09* 69 79** 0 90
L \ T 12 00 143 72** 21 52** 0 16** 6 65** 1431** 4 17* 9 50** 0 48**

Parents 9 175 36** 42 34** 3 25** 4 99** 38 91** 6 23** 2421** 3 48**
Crosses 20 00 379 95** 71 45** 0 16** 12 27** 20 25** 7 23** 21 16** 1 36**

Parents Vs crosses 1 5552 99** 829 20** 0 64 138 95** 778 26** 321 64** 14441** 23 73**
Error 40 00 21 39 3 79 0 16 0 88 3 26 I 70 0 58 0 14

* Significant at 5 percent level **Significant al 1 percent level



Table 10 Continued

Traits

Sources

Degree o f 
freedom

Flowers 
cluster 1

Inflorescence 
p lan t1

Fiuit set
%

Pollen 
viability %

Fruits 
cluster 1

Fiuits 
p la n t1

Truit
length
(cm)

Fruit girth 
(cm)

Fruit 
weight (g)

Yield p la n t1 
(g)

Replication 2 00 0 79 0 30 0 62 2 19 0 03 4 01 0 00 0 53 0 07 14366 71

Lines 6 00 I 95* 63 11** 198 80 315 15 1 05 3282 84** 1 42* 4 98* 368 43* 1781710 00**

Testeis 2 00 10 75** 14 65 307 21 193 99 7 12* 101648 3 92** 9 59-* 542 97* 53559 43

L x T 12 00 0 58 9 35-* 128 25** 149 36** 1 05** 523 49** 0 42** 1 27** 83 97** 195795 13**

Parents 9 6 93** 12 33** 152 42** 195 74** 0 94** 219 44** 0 59** 0 71** 1781** 66201 93**

Crosses 20 00 2 00** 26 01** 16731** 203 56** 1 81** 1400 60** 1 07** 3 22** 21521** 657346 00**

Parents Vs crosses 1 1 55* 140 00** 1705 60** 2393 56** 22 37** 7897 11** 5 75** 14 38** 1249 66** 6829870 50**

Error 40 00 0 37 041 16 01 4 45 0 05 16 46 0 02 0 24 6 67 12226 89

* Significant at 5 percent level ** Significant at 1 percent level



T able 10 C ontinued

Traits

Sources

Degree of 
freedom

Yield p lo t1 (kg) TSS(%) Lycopene (m g /1 OOg) Ascorbic acid (mg/ I OOg) Bacterial wit 
incidence (%)

Replication 2 00 5 72 0 04 0 12 1 00 20 63
Lines 6 00 560 92** 0 96 9 99 94 39 868 92

Testers 2 00 152 39 3 58* 42 31* 1431 1826 59*
L \ T 12 00 71 52** 0 62** 6 63** 39 83** 429 83**

Parents 9 38 92** 0 43** 7 08** 8 54** 1483 79**
Crosses 20 00 226 43** 1 02** 11 21** 53 65** 701 23**

Parents Vs crosses 1 1377 22** 0 56** 0 12 705 03** 2o3 48*
Error 40 00 5 49 0 02 0 09 2 29 48 97

* Significant at 5 percent level ** Significant at 1 percent level
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noticed for all the paiameteis except for node to first inflorescence and lycopene 

content

4 2 MEAN PERFORMANCE OF PARENTS AND HYBRIDS

The performance of parents and hybrids for different quantitative and 

qualitative characters are presented in Tables 11 to 14 The performance of 

hybrids has been compared with checks (Indam 9802 and Lekshnu) for different 

characters The salient features for each character are described m ensuing 

paragraphs

4.2 1 Vegetative Characters

The performance of paients and hybrids for vegetative chaiacters aie 

presented in Table 11

4.2.1.1 Plant Height (cm)

Among the lines, LE 16 recorded the highest mean value for plant height 

(83 77 cm) and the lowest was recorded in LE 26 (54 44 cm) The testers were not 

significantly different for plant height Among crosses, LE 13 x Manulekshmi 

(110 44 cm) was the tallest which was on par with LE 20 x Manulekshmi 

(103 67 cm) and the shortest was LE 19 x Anagha (71 33 cm)

4.2.1 2 Height at Flowenng (cm)

Lower height at flowering is the desirable character in tomato which was 

observed in LE 13 (25 10 cm) and the highest value was observed m LE 12 

(36 16 cm) among the lines Among the testers, the lowest height at flowering was 

recorded in Manulekshmi (26 36 cm) and the highest in Vellayam Vijai 

(32 11 cm) Among the hybrids, the lowest height at flowering was recorded m 

LE 19 x Anagha (27 94 cm) and the highest in LE 20 x Manulekshmi (46 99 cm)
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Table 11 Performance o f  parents, h> brids and checks for vegetatn e characters o f  tomato

Parents and ciosses Plant
height
(cm)

Height at 
flowering 

(cm)

Node to first 
inflorescence

Primary 
blanches 

p lan t1

Leaf length 
(cm)

Leaf width 
(un)

Lines

LE 3 70 11 32 15 8 89 4 78 19 47 13 56

LE 12 70 10 36 16 9 44 5 44 28 10 15 83

LE 13 65 11 25 10 9 22 5 66 19 68 14 64
LE 16 83 77 33 10 10 55 7 55 23 68 16 03

LE 19 61 89 32 82 9 77 4 66 19 49 13 74
LE 20 68 77 34 02 11 77 4 44 20 93 14 29

LE 26 54 44 34 49 8 33 4 22 24 63 14 14
Testeis
Anagha 64 66 1 27 29 8 67 4 77 1 18 57 13 22
Manulekshmi 7189 26 36 9 44 8 00 24 97 14 05
Vellayam Vijai 7155 | 32 11 8 55 5 55 | 27 98 17 92
Hybrids
LF 3 x Anagha 86 94 39 22 9 77 7 77 28 94 17 22

LE 3x Manulekshmi 88 89 38 11 9 22 8 00 26 31 1781
L C 3 \V  Vuai 79 00 35 55 8 44 7 77 27 51 1758
LE I2x Anagha 74 55 43 00 9 00 6 44 32 16 1931
LE 12\ Manulekshmi 82 37 45 83 9 33 5 77 32 66 20 99
LE 12x V Virai 79 47 45 00 9 66 6 00 32 22 20 83
LE 13x Anagha 82 89 33 52 9 22 8 00 25 17 17 96
LE 13\ Manulekshmi 110 44 42 33 9 66 9 78 33 01 20 80
LE 13x V Vi|ai 102 00 34 18 8 67 8 00 29 72 20 00
LE 16\ Anagha 97 66 36 50 9 33 10 44 29 51 19 04
LE I6x Manulekshmi 94 78 39 00 9 55 12 22 26 77 1758
LE !6x V Vnai 88 44 37 77 11 11 10 22 29 86 20 89
LE 19x Anagha 71 33 27 94 8 77 8 44 26 19 17 02
LE 19x Manulekshmi 81 22 37 33 9 89 8 11 31 67 18 16
LE 19xV Vijai 71 44 32 10 8 66 4 77 28 99 18 14
LE 20x Anagha 82 55 39 94 10 77 5 44 26 28 1641
LE 20x Manulekshmi 103 67 46 99 11 11 12 55 32 34 21 60
LE 20x V Vijai 79 77 37 02 10 22 7 55 29 03 18 17
LE 26x Anagha 73 22 35 11 9 44 7 33 25 51 16 86
LE 26x Manulekshmi 73 11 33 50 10 00 8 33 26 53 18 59
LE 2 6 \ V Vnai 76 22 32 75 10 66 7 66 27 34 18 19
Indam 9802 (check) 88 78 42 70 10 89 8 66 29 38 20 74
Lekshim (check) 84 22 34 26 9 66 9 33 25 37 16 79
Mean 79 85 35 85 9 62 7 38 26 97 17.52
CD (0 0a) 741 3 08 0 78 1 37 2 45 1 88
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4.2.1.3 Node to First Infloi escence

For node to first inflorescence, the lowest value is preferred which was 

observed m LE 26 (8 33) and the highest was lecorded m LE 20 (11 77) among 

the lines while, among the testers lowest value for the trait was recorded in 

Vellayam Vijai (8 55) and the highest was observed in Manulekshmi (9 44) 

Among hybrids, the lowest node to first inflorescence was exhibited by 

LE 3 x \  ellayani Vijai (8 44) which was on par with LE 19 x Vellayam Vijai 

(8 66), LE 13 x Vellayam Vijai (8 67), LE 19 x Anagha (8 77), LE 12 x Anagha 

(9 00), LE 3 x Manulekshmi (9 22) and LE 13 x Anagha (9 22) Highest value 

was shown by LE 16 x Vellayam Vijai and LE 20 x Manulekshmi (11 11)

4.2.1.4 Punuuy Blanches Plant'1

Among the lines, LE 16 (7 55) produced maximum number o f primary 

branches p lan t1 and minimum was recorded in LE 26 (4 22) Among the testers, 

Manulekshmi (8 00) recorded maximum pnmary branches p lan t1 while, the 

minimum was observed in Anagha (4 77) Among the hybnds, LE 20 x 

Manulekshmi (12 55) pioduced the maximum number o f pnmary branches 

p lan t1 which was on par with LE 16 x Manulekshmi (12 22) while, the minimum 

was observed in LE 19 x Vellayam Vijai (4 77)

4.2.1.5 L eaf Length (cm)

Among the lines LE 12 (28 10 cm) recorded the highest mean value for 

leaf length and the lowest was lecorded m LE 3 (19 47 cm) while, among the 

testers Vellayam Vijai (27 98 cm) had the highest leaf length and the lowest was 

recorded in Anagha (18 57 cm) Among crosses, LE 13 x Manulekshmi 

(33 01 cm) exhibited the highest leaf length which was on par with LE 12 x 

Manulekshmi (32 66 cm), LE 20 x Manulekshmi (32 34 cm), LE 12 x Vellayam

s e .



Vijai (32 22 cm), LE 12 x Anagha (32 16 cm) and LE 19 x Manulekshmi 

(31 67 cm) whereas, LE 13 x Anagha (25 17 cm) recorded the lowest

4.2.1.6 L eaf Width (cm)

The highest leaf width among the lines was recorded in LE 16 (16 03 cm) 

which was on par with LE 12 (15 83 cm), LE 13 (14 64 cm) and LE 20 

(14 29 cm) and the lowest value was observed in LE 3 (13 56 cm) Among the 

testers, the highest leaf width was recorded in Vellayam Vijai (17 92 cm) and the 

lowest m Anagha (13 22 cm) The hybrid, LE 20 x Manulekshmi (21 60 cm) 

recorded the highest leaf width, which was on par with LE 12 x Manulekshmi 

(20 99 cm), LE 16 x Vellayam Vijai (20 89 cm), LE 12 x Vellayam Vijai (20 83 

cm), LE 13 x Manulekshmi (20 80 cm) and LE 13 x Vellayam Vijai (20 00 cm) 

The lowest was obseived in LE 20 x Anagha (16 41 cm)

4.2.2 Flowering Characters

The performance of paients and hybnds for flowering characters are 

presented in Table 12

4.2 2 1  Days to Fust Flowering

Among the lines, LE 12 (29 66 days) was the earliest and LE 19 and LE 

26 were late flowering (35 44 days) Among the testers, Vellayam Vijai (27 44 

days) flowered early while, Manulekshmi (33 11 days) was late Among the 

crosses, LE 16 x Anagha (24 33 days) exhibited early flowering whereas, LE 19 x 

Vellayam Vijai (35 55 days) recorded late flowering

4.2.2.2 Days to Fruit set

Among the female paients, LE 16 (6 67 days) took minimum numbei of 

days to fruit set and LF 20 (7 78 days) the maximum Among the testers, 

Vellayam Vijai (4 44 days) took minimum number of days to fruit set while, 

Manulekshmi (6 22 days) the maximum Among the hybrids, LE 20 x Vellayam



Table 12 Peiformance o f  paients, hybnds and checks for flowering characters o f  tomato

Parents and crosses Daj s to 
first 

floweung

Days to 
fruit set

Flowers 
cluster 1

Inflorescence 
plant 1

Fruit
set%

Pollen 
viability %

Lines
LE 3 33 78 7 55 4 55 15 78 66 03 59 01
LE 12 29 66 7 22 7 11 16 22 65 52 59 22
LE 13 35 00 6 78 6 11 17 89 74 39 67 81
LE 16 34 66 6 67 5 66 18 53 66 70 62 17
LE 19 35 44 7 66 5 78 17 77 68 94 60 43
LE 20 34 33 7 78 5 44 17 22 50 11 55 31
LE 26 35 44 7 11 6 22 15 11 58 16 52 51
Testers
Anagha 29 88 5 33 5 89 21 11 70 75 72 29
Manulekshmi 33 11 6 22 4 89 20 11 65 55 54 45
Vellayam Vijai 27 44 4 44 10 00 20 33 72 41 77 39
Hybnds
LE 3 x Anagha 26 22 5 11 6 33 18 77 83 33 79 63
LE 3x Manulekshmi 33 44 5 66 5 33 1733 64 44 63 97
LE 3x V Vijai 31 66 6 11 5 55 17 44 65 55 62 72
LE 12x Anagha 27 22 6 00 6 44 18 99 67 18 62 00
LF 12x Manulekshmi 28 66 7 22 5 67 15 77 70 54 70 13
LE 12x V Vnai 27 3 ' 6 00 7 33 19 44 68 27 65 72
LE 13x Anagha 29 55 5 89 6 89 23 55 77 35 73 71
LE 13x Manulekshmi 31 77 6 33 5 00 23 33 65 37 65 17
LE 13\ V Vijai 31 89 6 22 6 77 21 44 79 92 73 30
LE 16x Anagha 24 33 5 11 7 22 26 11 78 65 82 20
LE 16x Manulekshmi 27 89 5 22 5 33 23 00 85 73 85 24
LE 16x V Vijai 30 89 4 55 7 11 24 89 82 61 82 51
LE 19x Anagha 28 00 5 66 6 55 22 66 84 67 86 01
LE 19\ Manulekshmi 32 55 5 78 5 22 22 22 73 80 72 31
LE 19\ V Vuai 35 55 5 89 6 55 IS 11 73 42 69 26
LE 20x Anagha 30 89 4 77 7 22 20 44 82 16 77 18
LE 20x Manulekshmi 31 55 4 89 6 22 24 89 73 14 71 73
LE 20x V Vijai 32 22 4 44 7 78 20 00 80 56 79 84
LE 26x Anagha 30 66 5 11 7 53 19 44 73 60 68 18
LE 26x Manulekshmi 31 11 5 44 6 53 18 44 62 22 58 59
LE 2 6 \ V Vuai 31 00 6 11 6 66 17 00 82 85 81 74
Indam 9802 (check) 31 22 5 44 6 33 30 11 74 44 79 66
Lekshmi (check) 30 77 4 78 6 78 31 77 78 026 81 03
mean 31 06 5 89 6 36 20 46 72 31 70 07
CD (0 05) I 25 0 54 0 99 1 18 7 68 341
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Vijai (4 44 days) recorded minimum days to fruit set which was on par with LE 

16 x Vellayam Vijai (4 55 days), LE 20 x Anagha (4 77 days) and LE 20 x 

Manulekshmi (4 89 days) whereas, LE 12 x Manulekshmi (7 22 days) took 

maximum number of days to fruit set

4.2.2.3 Floweis C luster1

The line LE 12 (7 11) lecorded the highest number o f flowers c luster1 

which was on par with LE 26 (6 22) while, LE 3 (4 55) recorded the least for the 

trait among the lines The tester Vellayam Vijai (10 00) recorded the highest 

number of flowers cluster 1 and the lowest was observed m Manulekshmi (4 89) 

The cross, LE 20 x Vellayam Vijai (7 78) recorded maximum number o f flowers 

c luster1 which was on par with LE 26 x Anagha (7 55), LE 12 x Vellayam Vijai 

(7 33), LE 16 x Anagha (7 22), LE 20 x Anagha (7 22), LE 16 x Vellayam Vijai 

(7 11) and LE 13 x Anagha (6 89) while, minimum was recorded in LE 13 x 

Manulekshmi (5 00)

4.2.2.4 Inflorescence P lan f1

The highest number of inflorescence p lan t1 among the lines was recoided 

m LE 16 (18 55) which was on par with LE 13 (17 89) and LE 19 (17 77) and the 

lowest was observed in LE 26 (15 11) There was no significant difference among 

the testers for this trait Among the cross combinations, LE 16 x Anagha (26 11) 

recorded the highest number o f inflorescence p lan t1 and the lowest was recorded 

m LE 12 x Manulekshmi (15 77)

4.2 2.5 Fruit set (%)

Among the lines, the highest fruit set pei cent was observed in LE 13 

(74 39%) which was on par with LE 19 (68 94%) while, LE 20 (50 11%) lecorded 

the lowest for the trait The testers were not significantly different Fruit set was 

maximum in the hybrid, LE 16 x Manulekshmi (85 73%) which was on par with 

LE 19 x Anagha (84 67%), LE 3 x Anagha (83 33%), LE 26 x Vellayam Vijai
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(82 85%), LE 16 x Vellayam Vijai (82 61%), LE 20 x Anagha (82 16%), LE 20 x 

Vellayam Vijai (80 56%), LE 13 \  Vellayam Vijai (79 92%) and LE 16 x Anagha 

(78 65%) whereas, LE 26 x Manulekshmi (62 22%) recorded minimum fruit set

4.2.2.6 Pollen Viability (%)

Pollen viability (%) was highest foi LE 13 (67 81%) and the lowest for 

LE 26 (52 51%) among the lines while, it was the highest for Vellayam Vijai 

(77 39%) and the lowest foi Manulekshmi (54 45%) among the testers Among 

the crosses, LE 19 x Anagha (86 01%) recorded the highest mean value for pollen 

viability which was on par with LE 16 x Manulekshmi (85 24%) and the lowest 

was observed in LE 26 x Manulekshmi (58 59%)

4.2.3 Fruit Characters and Yield

The performance ot parents and hybnds for fiuit characters and yield are 

presented in Table 13 and fruits o f different hybrid combinations are given in 

Plate 6

4.2.3.1 Fruits C lustei1

Among the lines, the highest fruits cluster 1 was recorded in LE 13 (4 11) 

which was on par with LE 12 (4 00) and LE 20 (3 78) and the lowest was 

observed in LE 26 (2 77) Among the testers, the highest fruits c luster1 was 

recorded in Vellayam Vijai (4 66) and the lowest in Manulekshmi (3 00) Among 

the hybrids, LE 26 x Anagha (6 33) recorded the highest fruits c luster1 which was 

on par with LE 20 x Vellayam Vijai (6 22) and LE 13 x Vellayam Vijai (6 11) and 

the lowest was noticed in LE 3 x Manulekshmi, LE 12 x Manulekshmi, LE 13 x 

Manulekshmi, LE 16 x Manulekshmi and LE 20 x Manulekshmi (4 00) (Fig 1)

4.23.2 Fruits Plan f 1

The line LE 16 (42 48) recorded maximum fruits p lan t1 which was on par 

with LE 13 (41 55) and the minimum was noticed in LE 12 (21 66) Among the



Table 13 Perfoi mance o f parents hvbi ids and checks tor truit chai acters and yield of tomato

Parents and crosses Fruits 
c luster1

Fruits 
p lan t1

Fruit
length
(cm)

Fiuit
girth
(cm)

Fruit 
weight (g)

Yield 
p lan t1 (g)

Yield p lo t1 
(kg)

Lines
LE 3 3 55 24 00 3 32 12 32 31 66 588 11 4 30
LE 12 4 00 21 66 3 23 11 43 27 77 530 77 4 08
LE 13 4 II 41 55 3 66 12 83 32 00 846 79 6 20
LE 16 3 55 42 48 3 69 12 97 32 51 982 00 14 50
LE 19 3 67 34 93 401 12 33 31 66 763 55 6 13
LE 20 3 78 33 33 4 10 11 63 29 66 742 II 6 63
LE 26 2 77 22 44 4 07 12 04 32 77 625 15 4 58
Testers
Anagha 4 22 40 22 3 40 11 93 28 88 740 55 12 08
Manulekshmi 3 00 22 22 3 75 12 42 3d 00 498 44 8 47
Vellayam Vijai 4 66 26 22 4 79 12 47 35 33 646 89 10 95
Hybrids
LE 3 x Anagha 4 33 30 66 4 13 12 16 31 77 975 80 9 44
LE 3x Manulekshmi 4 00 32 22 4 13 12 70 36 55 748 33 9 24
LE 3x V Vuai 4 11 33 78 441 12 78 33 99 766 66 741
LE 12x Anagha 4 22 33 16 3 32 11 11 30 11 998 36 11 66
LE 12x Manulekshmi 4 00 28 33 3 81 12 20 31 55 894 91 8 65
LE 12x V Vijai 4 78 29 64 4 00 11 76 33 87 1005 70 7 96
LE 13x Anagha 5 66 86 44 4 12 13 01 38 07 1993 66 25 94
LE 13x Manulekshmi 4 00 61 44 4 50 15 07 55 74 1770 00 31 42
LE 13x V Vijai 6 11 68 44 541 13 40 47 83 1908 55 25 43
LE 16 \  Anagha 5 33 110 66 3 46 11 73 31 09 2191 44 24 63
LE !6\  Manulekshmi 4 00 50 89 4 43 14 94 48 36 1560 66 25 34
LE 16x V Vi|ai 5 22 73 11 4 3 5 13 43 41 23 1733 33 24 92
LE 19x Anagha 4 89 63 33 3 71 13 00 37 22 1376 66 19 19
LE 19\ Manulekshmi 4 44 53 66 4 82 15 00 62 85 1715 11 25 72
LE 19x V Vuai 4 78 35 77 5 14 13 12 46 14 890 22 5 95
LE 2 0 \ Anagha 5 11 44 44 3 67 12 66 35 24 953 44 9 23
LE 20x Manulekshmi 4 00 62 22 4 30 1321 38 38 1491 00 25 83
LE 20x V Vuai 6 22 55 77 5 06 13 31 42 40 1363 66 14 05
LE 2 6 \ Anagha 6 33 41 66 5 12 13 11 34 99 829 51 9 22
LE 26x Manulekshmi 4 33 33 44 4 34 13 13 34 77 675 66 6 09
LE 26x V Vuai 4 55 33 89 5 22 13 84 38 25 956 55 9 17
Indam 9802 (check) 4 00 26 33 5 15 17 10 95 55 1721 22 9 82
Lekshmi (check) 3 66 36 44 5 05 18 96 86 77 1906 99 13 96
mean 4 40 43 48 4 24 13 12 40 32 1133 08 13 28
CD (0 05) 041 6 02 0 25 0 7481 3 95 152 40 3 46

6 3
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Fig. 1 M ean p erfo rm ance  of h jb n d s  for fru its  c lu s te r 1



t e s t u s  \ n i s h i (4(J ^ 2)  l e e o i d c d  the m i \ i m u m  h i n t s  p l a n t  1 m d  t he  m i n i m u m  

w u  o b s c n e d  m VI m u l e k s h m i  ( 22  22} A r n o n ^  the  c t o s x e s  I t  16 \  Vn i gh  t 

( 110 6 o )  l e e o i d c d  the  m  i M i m i m  lot  t he  t i n t  m d  the  m i n i m u m  w a s  o b s c n e d  m  

I I  12 \  \ 1  m u l e k s h m i  (2S 3 3 )  (I u  2)

4 2 3 3 Flint I tiigth (cm)

\ n i o i u  t he  l e m  lie p u e i i t s  l iu i t  l e n _ t h  w a s  h i g h e s t  lot  I E 2 0  ( 4  10 c m )  

w h i c h  u  is o n  p n  w i t h  1 1 2 6  (4 0 7  c m )  uul  LL 19 (4 01 c m )  a n d  the l o w e s t  w is 

t h s c n e d  m  L L  12 (3 2 ' ’ c m )  \ m o n _  the m i l e  p  u e n t s  t he  h i g h e s t  l i u i t  l e n g t h  

w is l ee o i  led m  \  e l l i \  mi  \  i| u (4 7 9  c m )  m d  the l o w e s t  in \ n n j i n  (3 4 0  c m )  

\ m o n _ ,  t l u  e i o s s  e o m b m  Hk ns  LL 13 \  \ e l l n a n i  \  i] it (5 41 c m )  l e e o i d c d  the 

b i J i e s t  l i n n  l e n g t h  w h i c h  w is on  p u w i t h  I I  2 6  \  \  c l l a v a n i  Vi ja i  (n 2 2  c m )  a nd  

the l o w e s t  w is o b s c r \ e d  m i l  12 \  \ n i J n  (a ^2  e m )

I 2 1 4 ri nit Gu th (cm)

\ iuoiil, t he  l i nes  l iu i t  m i t h  w is m i u m u i n  loi  I E 16 ( 12  9 7  c m )  w h i c h  

w is o n  p u w i t h  LI  1-1(12 8 c m )  LI 1 9 ( 1 2  7 c m )  m d  L L  7 ( 12  72  c m )  w h i l e  

it w is m i n i m u m  Lot LI 12 (1 1 4 7  c m )  1 he t e s t e i s  w e i c  n o t  s i g n i f i c a n t ly  d i t l c i c i  t 

loi  the ti m  A m o i g  the I n  lit ids  1 L 13 \  M  m u l e k s h m i  ( l o  0 7  e m )  t e c o i d e d  the 

m  i \mi Li m t i u i t  - . n t h  w h i c h  w i s  o n  p  it w i th I C 1 9 \  M  m u l e k s h m i  (10  0 0  e m )  a n d

I I  16 \  \ 1  m u l e k s h m i  ( 14  9 4  e m )  m d  the  m i n i m u m  w a s  n o t i c e d  m  LT  12 \  

\ n  igh i ( l l  11 c m '

4 2 1 > Ti tut JJ eight (<•)

\ l i \ n n u m  l icut  w e i g h t  m i o n t  t he  l u u s  w is o b s c n e d  m  1 L 2 6  ( 32  77  J  

w h i c h  w is o n  p n  w i t h  11 16 ( ->2 s i  _) I L 17 ( 32  0 0  g )  I t  3 ("' I 6 6  g)  L L  19 

("1 6 6  _.) ind 1 1 2 0  ( 29  66  ) a i d  t he  m i n i m u m  w is l e c o r d e d  in  1 L 12 ( 27  77  g)  

\ m o n -  t he  t e s t e i s  It ni t  w e t  J i t  w is ill l \ i m u m  loi  \  ell l \  in l \  i | ai  (3:> 37 „)  w h i c h  

w is o n  p a  w i t h  M  m u l e k s h m i  ( o  0 0  - )  \ n  i j i  i ( 28  88  J  l e e o i d c d  t he  l o w e s t  

\  d u e  l e t  t he  It ut  A m o n - .  the e i o s s e s  m i x m i u m  l i u i t  w e i g h t  w is o b s c n e d  in L 1
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Fi« 2 M ean perfo rm ance of hyb rid s lo r  Iru its  p la n t1



10 \  \ t  i n u l c k s h m i  ( 62  Ss ) i id the lowest ,  w is l e e o i d e d  in LL 12 \  Vn i_Ji i 

( 0 i 1 P  (1 m  )

4 2 ? 6 ) i t ld  P la n t1 {<>)

\ n i o i m  the l ines  1 1 16 ( 9S2  0 0  p  l e e o i d e d  t he  h i g h e s t  M e l d  pi ml

w h i e h  w is o n  p n  w i t h  1 1 1 {S46  70  p  md  the l o w e s t  w a s  o b s e i \ e d  m i l  P

n  0 77 p  \ m o n _ .  the l e s t e i s  \ i n  h i  ( ^ 4 0  ww m  i c c o i d c d  the  h i g h e s t  Me ld  

j 1 mt  w h i e h  w is o n  , n i  wi  h \  e 11 i\ mi  \  i) u ( 6 4 6  8 9  p  m d  t he  l o w e s t  w is 

1 e i \ e d  m \ 1  i nule l  s l u m  (4 )S 4 4  _) \ m  n the e u  ss e o m b i n  t t i on s  the hi  hes t

Me ld  pi in w is obsLi  \ e d  li 11 1 (> \  \ n  i h i (2 U 1 4 4  p  w h e i e  is 11 26  \

M i i i u l eh sh i m ( ( P s  6 6  _ l ee i d e d  tile k w e s t  Me ld  pi int  1 ( h l _  4}

4 2  1 7  1 n it!  P lo t1 (k<>)

\ n i o n c  t he  l i nes  11 16 ( 14  s(i kg)  l e e o i d e d  the h i g h e s t  M e l d  p lo t  1 m d

the l o w e s t  w is n o t i c e d  in I 1 12 {4 OS k p  \ n i o i m  the t e s t e i s  A m c h l ( 12  (JS k p

e \ l u b  t ed  the 111 l l e s t M e l d p I  t w h i e h  W Is 11 p 11 W ltll \  ell 1\ 1111 \  1| 11 ( 1 (J 0> h )

m d  tile U Wi s t  W is l ee  i d e d  11 M i l l  llel llllll ( S 4  ̂  k p  \ n i O i m  the h \  hi ids I [

1 \  \ 1  m u l e k s h n i l  ( 1 4 ^  P )  e e u d e d  tile 111 l i e s  M e l d  p l o t  w h i l e  t i le h u e  '

W is i b s e l  \ e d  ill 1 1 1 9  \  \  e l l  1\ ill \  | II ( 1  P  k _ )  ( I m  1 )

4 2 4 Q u a h t\  C lia i aete i s

I lie p e i t o i i n m e e  t 1 p n e n t s  m d  I n  b u d s  t o i  q m l i l >  e h u i e t e t s  l ie

p i e s e l l t e d  ill 1 i b l e  14

4 2 4 I TSS  ( ( }

I Ik  l ine LL P> < 7 s  ) l e e o i d e d  t h e  h i g h e s t  I SS  w h i e h  w is o n  p n w i t h

11 ( "'I ) L I  1 61 ) I 1 12 ( ( 0  ) n d  LL 16 ( s 0 ) w h i l e  t he

I Wes t  \ Is s ee l l  111 I I P>  ( P  ) l i e  t e s t e l  \  e l l  l\  1111 \  | 11 (4  4 U u o) l e e O l d e  1

tile l l U l e s t  I d  t i le t til Hid t 1 e l o w e s t  W Is b s e l \ e e l  111 M  m u l e k s l i m i  ( 4  0 2  )

k l l l o i M tile e i o s s e s  t h e  l u j l e s l  I S S  w is t e i u d e d  ill I Jr 16 \  \ l l  m i l  i ( 4  01 j
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S M ean p erform an ce of In b r id s  for Meld p lot 1 (kg)



1 ihlc 14 lu k u m  nee tp in .n l In buds md t hccks gu ilil\ ch m c tc is  ol tonnlo



u h i e l  \ is u i  p u w i t h  11 1 \  \  el l  i\ u i \  i| u (4 8 9 % )  m d  11 2 0  \  \  el l  i\ mi

\  i u (4  S4 ) w h i l e  t l u  U w e s t  1 S S  w is  n c i  n l c d  m i l  12 \  \ t n c h i ( i 0 9  }

4 2 4 2 11 to p a te  (m g / 100 g)

\ m o i l -  tile l i l i e s  t i l e  h i  h e s t  h c t p e l i e  c o n t e n t  w a s  o b s c n e d  il l  ! 1 19

( I S '  n i -  100  - . )  w h i c h  w  is  o n  p  u  w i t h  1 1 2 6  ( 9  6 2  m t  100 - J  m d  11 16 p  4 6

111- 1 0 0  > w h i l e  t h e  k  W e s l  w is  m e t  i d e d  m  I i 1 2  ( 6  8 6  111- 1 0 0 - }  \ m o u - t h e

t e s t e i s  K c o p c l l c  c o n t e n t  w i t h e h i - h e s t i u  \  e l h \  i n i  \  l) u  ( 1 2  6 6  111- 1 0 0  )

u I t h e  1 W e s !  l u  M i n u l e k s l m i  (9 2 s  i n -  1<>0 - )  \ m o n -  t h e  h e b t i d s  1 1  1 6  \

\ l l  l - l l  1 e x h i b i t e d  t i l e  l l j l e s l  l \ e i  p e l l e  c o n t e n t  ( 1  > 0 j  m & 1 0 0  - }  w h i c h  W i s  i 11 

I ii u  t h  1 I 1 X \  e l l  t \  i m  \  ) i ( P  \  w n  I <>() - )  m d  I T  2 6  x  \  e l l  n  m i  \  i |  n

( P s 7 m  1 0 0  - )  w h i l e  I I  12  x \ n i - h  i ( 6  6 2  m -  1 0 0  _ J  l e e o i d c d  t h e  l o w e s t  l o i

l l i e  t l  il l

4 2 4 1 i s to ib i t  a t id  (n ig / 100 <g)

1 h e  l u t e  L I  16  p l  0 9  n i -  1 0 0  ) l e e o i d c d  t h e  h u h e s t  a s e o i b i e  i c i d

e I i t en t  w h i c h  w i s  i n  p u w i t h  1 1 ( P 0  OS n i -  1 0 0  - )  me'  LI  19  ( 1 9  0 0  m

1 0 0  ) w h i l e  t h e  l o w e s t  W 1 h s e l \ e  i 111 I I  l l 7 14  H I -  1 0 0  - )  1 h e  t e s t e !

\  e l l  i \  ni  \  i| u  ( 21  4 0  m _  1 0 0  > n u  i d e d  the. h  - b e s t  l o t  t h e  t m i l  w h i c h  w is t n

[ 11 u n h  \ i  m u l e k s h m i  p O  8 8  m - ,  1 0 0  - )  m d  l o w e s t  w is  s e e n  i n  Vn u j i  i (1 8 16 

n i -  1 0 0  - )  \ m o n -  t h e  c i o s s c s  i s e o i h i e  i c i d  c o n t e n t  w a s  h i g h e s t  m  L l  19  x 

\ n  i - h  i I 4  3 0  m -  1 0 0  w h i l e  t h e  l o w e s t  w is  l e e o i e i e d  i n  1 1 12 x \ n  i t h  i 

( IS 0 8  m -  1 0 0  p

4  2  S I n e i t l e n e e  o f  h a c t o i a l  w i l t

I h e  h t b l l d s  m d  p u e i l t s  w e l t  e \  ll Ll l i e d  t en  t h e  i n c i d e n c e  o t  b  l e t e l l  ll w i l l  

u n  l e i  l i e l  1 c o n d i t i o n s  I P I  i t c  S )  h  i s e d  i. n  t h e  e t  m l -  p i o c e d u i e  e l \  e l l  b \  \ \  m s t e  id 

m  k e l m m  ( 1 9 p )  1 l i e n u m b e i  1 p i  m l  w i l t e d  p e i  p i t  t l i o m  t h e  d  i t e  t

I l l l s p l  t i n  n — t i l l  t h e  t i n  ll l i m e  I w is  l e e  l d e d  l l l d  d l s e  i s e  i n c i d e n c e  ( ) W 1

e ie111 l i e d  l o i  -  l e l l  l i e  U l l l e l l t  111 I I l e ]  l i e  it 11 ( I i b l e  P )  ( I  u  6 )



I ib k  l'* P c t lo im a n c e  o! p n c n t s  h y b n d s  and cheek s  toi bacterial w ilt  inc idence  

( ) undet h e ld  cond it ions

P u c n t s  md  li o s s t s InudeiiLc ( A ) Seulc C  i t e ^ o n

Lutes
1 I j 6 i j j 4 Susce p t ib l e

LE 12 61 6 7 4 S us c e p t ib l e

LL 13 61 4 S us c e p t ib l e

L 1 16 26 6 7 M oderately  resistant
LE 19 60 M od e ra t e  1> suscep t ib l e

1 1 20 s s i | M o d e n t e K  suscep t ib l e

1 r  26 6j j 4 Susce p t ib l e

Tl IC1S
\ n  iph i IS j j 1 Resistant

M muleks l inn P 1 Resistant
\  lII is n \  ijm P 1 Resistant
11\ bi ids

1 i i \  \ n  i ,Ji i s i ( r M o d c n t e h  suscep t ib l e

11 \  M m ul c k sh m i 8 j  > s
- Vloder i t e lv  i c s i s t m t

11 \  \  \  i| u s 67 J Modc ra t e l v  suscep t ib l e

L L 12 \  A m . J i  i 41 67 _) Mode i  i teK suscep t ib l e

11 P \  M mul cks l un i s i  67 Mode i  i tclv suscep t ib l e

1 T I 2 \  \  V11 u 60 J Mode i  i tclv suscep t ib l e

L 1 1 j \  \ n  i j n j i Mo de i  i telv l es is t ant

I F  1 ) \  M m u l c k sh n n 1 1 67 1 Resistant

1 L I 3 \  V Vi |  u j  j ") M o d u a t e l v  i cs is t  mt

LT 16 \  \ n n i j i  l 4 j i Mode i  atelv sus cep t ib l e

I E  16 \  M inu l ckshmi 18 j 1 Resistant

LL 16 \  \  \  i] u 28 j j ■'I M o d c r  i tclv i cs is t  mt

LL I 9 \  \ n i j u j 0 Mode i  t tel \  r esi s t  mt

11 19 \  M inu l ckshmi 2s "> M o de i a t e l y  l es is t ant

LE 19 \  \  \  i| u 66 67 4 Sus ce p t ib l e

I S 2 0 \  \ n  tph i s i  67 j Mo dc i a t e l v  sus cep t ib l e

L i 2 0 \  \ !  m u l c k s h n n P m 1 Resistant

1 T 2 0 \  \  \  i| u 48 j j Mo de rU e l v  suscept ib l e

1 1 2 6 \  kn pji i 4s j M o d e n t e K  s us cep t ib l e

1 i 7 6 \  M m u l c k s h n n s s j M o d e n t e l v  s us cep t ib l e

111 2 6 \  \  Vi |  u S i M o d e r a t e l \  sus cep t ib l e

Ind mi 9 8 0 ’’ ( check ) 7 I 6 7 4 Suscep t ib l e

I l  1 s lum (cheek) 6 j 1 4 Suscep t ib l e



Plate 7 P rom ising bacterial w ilt resistant hybrids

I F l I x  M a n u le k sh m i 1 F 16 \  M a n u le k s h m i 1 T 20  \  M a n u le k s h m i



Plate 8 Bacterial wilt disease noticed atdi tteient  crop growth stages
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Among the lines, LE 16 was found to be moderately resistant to bactenal 

wilt with a disease incidence o f 26 67% while rest of the lines were in the range of 

moderately susceptible to susceptible All the testers were found to be resistant 

Among the hybrids, LE 13 x Manulekshmi, LE 16 x Manulekshmi and LE 20 x 

Manulekshmi were found resistant to bactenal wilt with a disease incidence of 

1167%, 18 33% and 13 33% respectively (Plate 7) The hybrids, LE 3 x 

Manulekshmi, LE 13 x Anagha, LE 13 x Vellayam Vijai, LE 16 x Vellayam Vijai, 

LE 19 x Anagha, LE 19 x Manulekshmi were categorised as moderately resistant 

to bactenal wilt with a disease incidence of 38 33%, 35%, 33 33%, 28 33%, 30% 

and 25% respectively The cross LE 19 x Vellayam Vijai was found to be 

susceptible with a disease incidence o f 66 67% while, remaining hybnds were 

moderately susceptible The two standard checks Indam 9802 and Lekshmi were 

found susceptible with a disease incidence of 71 67% and 63 33% respectively

4 3 ESTIMATION OF HETEROSIS

The magnitude o f heterosis, estimated as per cent increase or decrease o f 

F ( value over mid-parent (RFI), better parent (HB) and standard checks (SH) for 

the 21 hybrids for various characters are presented in Tables 16 to 27 The 

character wise results are summanzed in the following paragraphs

4.3.1 Plant Height (cm)

Twenty hybrids exhibited significant positive heterosis over mid parent 

with maximum heterosis of 61 24% (LE 13 x Manulekshmi) Fourteen hybnds 

recorded significant positive heterosis over better parent with maximum heterosis 

o f 53 63% (LE 13 x Manulekshmi) Heterosis over standard check Indam 9802 

ranged from -19 65% (LE 19 x Anagha) to 24 40% (LE 13 x Manulekshmi) with 

four hybnds showing significant desirable standard heterosis The magnitude of 

heterosis ovei standard check Lekshmi ranged fiom -15 30% (LE 19 x Anagha) to 

31 14% (LE 13 x Manulekshmi)



Table 16 Heterosis (%) for plant height and height at flowering

<Fs
o

Crosses Plant height (cm) Height at flowering (cm)
RH HB S H (I) SH (L) RH HB SH (I) SH (L)

LE 3 x Anagha 29 02** 24 01** 2 07 3 23 31 96** 21 98** 8  14* 1448**
LE 3 x Manulekshmi 25 20** 23 65** 0  12 5 54 30 24** 1851** -10 75** 11 23*
L E 3 x V  Vi.i ai 11 53* 10 40 11 0 2 * 6  2 0 10 65* 10 57* 16 73** 3 77
LE 12x Anagha 10 65* 6  36 -16 0 2 ** -11 48* 3 5 5 3 ** 18 89** 0 70 25 DO**
LE 12x Manulekshmi 16 0 2 ** 14 58** -7 22 - 2  2 0 46 59** 26 73** 7 34 33 77**
LE 12x V Vnai 1 2  2 0 * 11 06* 10 49* 5 64 31 82** 24 42** 5 39 31 34**
LE I3x Anagha 27 74** 2 7 3 1 * * 6  63 -I 58 27 98** 22 84** -21 49** 2  16
LE 13x Manulekshmi 61 24** 53 63** 24 40** 31 14** 64 51** 60 56** 0  8 6 23 55**
LE 13\ V Vnai 49 27** 42 54** 14 89** 21  1 1 ** 19 51** 6  47 ] 9  9 4 ** 0  2 2

LE 16x Anagha 31 59** 16 58** 1 0 0 1 * 15 96** 2 0  8 8 ** 10 27* -14 52** 6  53
LE 16x Manulekshmi 21 77** 13 13** 6  76 12 53** 31 17** 17 82** - 8  67* 13 82v*
L E I 6 x V  Vijai 13 8 8 ** 5 57 -0 38 5 01 15 8 6 ** 14 13** -11 53** 10 25*
LE I9x Anagha 12 73* 10 31 19 65** 15 30** 7 03 -14 8 6 ** 34 56** 18 45**
LE 19x M anulekshmi 21 42** 12 98* 8  52 3 57 26 15** 13 75** 12 d7** 8 96
LE 19xV  Vijai 7 07 - 0  16 19 53** 15 i7** 1 1 2 2  19 24 82** 63T
LE 20x Anagha 23 73** 20 03** 701 1 98 30 29** 17 40** 6  46 16 58**
LE 20x Manulekshmi 47 40** 4 4 2 1 * * 16 77** 23 09** 55 64** 38 13** 1 0  06** 37 16**
LE 20x V Vijai 13 70** 11 49* -10 14* -5 28 11 97** 8 82 -13 29** 8 06
LE 26x Anagha 22 95** 13 23* 17 52** 13 06** 13 67** 1 81 17 77** 2 48
LE 26x Manulekshmi 15 74** 1 70 -17 65** -13 20** 10 09* -2 87 -21 55** -2 23
LE 26x V  Vijai 20 99** 6  52 -14 14** -9 50* -1 64 5 04 -23 29** -4 41

RH — Relative heterosis HB -  Heterobeltiosis

SH (I) -  Standard heterosis over Indam 9802 SH (L) -  Standard heterosis over Lekshmi

^Significant at 5 per cent level ^^Significant at 1 per cent level



4.3.2 Height at Flowering (cm)

Only three hybrids lecorded negative heterosis over mid parent with a 

maximum of -7 03% (LE 19 x Anagha) Heterosis over better parent ranged from 

-14 86% (LE 19 x Anagha) to 60 56% (LE 13 x Manulekshmi). The magnitude of 

heterosis over standaid check Indam 9802 langed from -34 56% (LE 19 x 

Anagha) to 10 06% (LE 20 x Manulekshmi) Standard heterosis over Lekshmi 

ranged from -18 45% (LE 19 x Anagha) to 37 16% (LE 20 x Manulekshmi)

4.3.3 Node to First Inflorescence

Eight hybnds recoided negative heterosis over mid parent with maximum 

heterosis of -5 45% (LE 19 x Vellayam Vijai) The magnitude o f heterobeltiosis 

ranged from -13 19% (LE 20 x Vellayam Vijai) to 24 66% (LE 26 x Vellayam 

Vijai) Sixteen hybrids recorded significant negative heterosis over standard check 

Indam 9802 with maximum of -22 47% (LE 3 \  Vellayam Vijai) The estimates of 

standard heterosis over Lekshmi varied from -12 66% (LE 3 x Vellayam Vijai) to 

14 93% (LE 16 x Vellayam Vijai and LE 20 x Manulekshmi)

4.3.4 Primary Branches P lant1

The estimates of lelative heteiosis revealed that 17 hybrids had significant 

positive heterosis with maximum heterosis of 101 77% (LE 20 x Manulekshmi) 

The per cent heterosis over better parent ranged from -27 79 (LE 12 x 

Manulekshmi) to 76 76 (LE 19 x Anagha) Heterosis over standard check Indam 

9802 ranged from -44 88% (LE 19 x Vellayam Vijai) to 44 88% (LE 20 x 

Manulekshmi) of which four hybrids showed significant positive heterosis Only 

two hybnds registered the significant heterosis in positive direction over standard 

check Lekshmi The standard heterosis ranged from -48 82% (LE 19 x Vellayam 

Vijai) to 34 54% (LE 20 x Manulekshmi)



T able 17 H eterosis (% ) for node to first in flo rescence and prim ary  branches p la n t1

Ciosses Node to first inflorescence Primary blanches plant1
RH HB SH(1) SH (L) RH HB SH (1) SH (L)

LE 3 x Anagha 11 35** 9 97* -10 22** 1 14 62 75** 62 69** -10 27 -16 68*
LE 3 x Manulekshmi 0 58 -2 36 Id 34** -4 62 25 20** 0 00 -7 69 -14 29*
LE3xV Vijai 3 21 -5 02 -22 47** -12 66** 50 47** 39 95** -10 27 16 68*
LE I2x Anagha -0 63 -4 69 17 36** -6 90 26 05* 18 30 -25 65** -30 96**
I E I2\ Manulekshmi -I 20 -1 20 -14 33** 3 48 -1408 -27 79** -33 35** 38 11**
LE I2 \ V Vijai 741* 2 36 -11 23** 0 00 9 06 7 98 30 77** -35 71**
LE I3x Anagha 3 09 0 00 15 30** -4 59 53 21** 41 18** -7 69 -14 29*
LE 13x Manulekshmi 3 57 2 36 -11 23** 0 00 43 12** 22 25** 12 85 4 79
LE13xV Vijai 2 47 6 00 -20 39** -1031* 42 56** 41 18** -7 69 -14 29*
LE 16x Anagha 2 90 -11 56** -14 29** 3 45 69 35** 38 20** 20 50** 11 89
LE 16x Manulekshmi 4 45 9 48* -12 27** -1 17 57 15** 52 79** 41 04** 30 96**
LE 16x V Vijai 16 27** 5 27 2 02 14 93** 55 87** 35 24** 17 92* 9 50
LE 19\ Anagha 4 84 -10 23* -1941** -921* 78 82** 76 76** -2 58 -9 54
LE 19x Manulekshmi 2 91 1 16 9 18* 231 28 05** 1 37 -6 42 -13 11
LE 19x V Vijai 5 45 -11 35** -20 42** -10 34* 6 55 14 04 44 88** -48 82**
LE 20x Anagha 5 41 8 49* -1 04 11 48** 18 03 13 96 -37 19** -41 68**
LE 20x Manulekshmi 471 -5 66 2 02 14 93** 101 77** 56 96** 44 88** 34 54**
LE 20x V Vijai 0 56 -13 19** -6 12 5 76 51 08** 35 99** -12 81 -19 04**
LE 26x Anagha 11 08** 8 92* -13 28** -2 31 63 02** 53 52** -15 38* -21 43**
LE 26x Manulekshmi 1251** 5 89 8 17* 3 45 36 33** 4 12 -3 88 10 75
LE 26x V Vijai 2631** 24 66** -2 05 10 34* 56 84** 37 97** -11 54 -17 86*
RH -  Relative heterosis

SH (1) — Standard heterosis over Indam 9802

*Significant at 5 per cent level

HB -  Heterobeltiosis

SH (L) -  Standard heterosis over Lekshmi

**Significant at 1 per cent level



4.3.5 Leaf Length (cm)

Nineteen crosses showed significant positive relative heterosis The 

magnitude of heterosis ranged between 3 94% (LE 26 x Vellayam Vijai) and 

52 12% (LE 3 x Anagha) o \er mid parent Eleven hybnds recorded significant 

positive heteiobeltiosis with a maximum of 48 61% (LE 3 x Anagha) Heterosis 

ovei standard check Indam 9802 ranged from -14 33% (LE 13 x Anagha) to 

12 34% (LE 13 x Manulekshmi) and over Lekshmi ranged from -0 79% (LE 13 x 

Anagha) to 30 09% (LE 13 x Manulekshmi) Significant positive standard 

heterosis was exhibited by five hybrids over Indam 9802 and 12 hybrids over 

Lekshmi

4.3.6 Leaf Width (cm)

All the 21 hybnds exhibited significant positive heterosis over mid parent 

which ranged from 11 65% (LE 3 x Vellayam Vijai) to 52 40% (LE 20 x 

Manulekshmi) Sixteen hybnds recorded significant and positive heterosis over 

better parent with maximum heterosis of 51 15% (LE 20 x Manulekshmi) 

Thirteen hybnds exhibited significant negative heterosis over standard check 

Indam 9802 with a maximum of -20 88 (LE 20 x Anagha) Eight hybrids showed 

significant positive heterosis over standard check Lekshmi with a maximum 

heterosis of 28 65% (LE 20 x Manulekshmi)

4.3.7 Days to First Flowering

Fifteen hybrids showed significant negative relative heterosis The hybrid 

LE 16 x Anagha (-24 61%) showed earliness in flowenng over mid parent 

Twenty hybrids registeied significant negative heterobeltiosis The hybrid LE 16 

x Anagha (-29 81%) showed earliness in flowering over better parent Eight 

hybrids over Indam 9802 and seven hybnds over Lekshmi recorded significant 

negative heterosis The hybrid LE 16 x Anagha exhibited the highest standard 

heterosis in negative direction over both the checks with a value o f -22 07% and 

-20 94% respectively

B 3



Table 18 H ete io s is  (% ) fot le a f  length and le a f  w idth

- i s

Crosses Leaf length (cm) Leaf width (cm)
RH HB s h  cn SH (L) RH HB SH (I) SH (L)

LE 3 x Anagha 52 12** 48 61** -1 51 14 05** 28 60** 26 9d** 16 96** 2 58
LE 3 x Manulekshmi 18 39** 5 35 -10 46* 3 69 28 97** 26 73** 14 11** 6 09
LE 3x V Vijai 15 95** 1 67 -6 37 8 42 11 65* 1 92 15 24** 471
LE 12x Anagha 37 83** 14 47** 9 46* 26 76** 32 95** 21 98** 6 88 15 03**
LE I2x Manulehshini 23 09** 16 25** 11 16* 28 73** 40 49** 32 61** 1 24 25 05**
LE I2x V Vi.iai 14 92** 14 67** 9 65* 26 98** 23 43** 16 24** 0 45 24 08**
LE 13x Anagha 31 60** 27 89** 14 33** -0 79 28 95** 22 67** -13 37** 701
LE 13x Manulekshmi 47 83** 32 18** 12 34** 30 09** 44 93** 42 01** 0 29 23 88**
LE I3x V Vijai 24 71** 6 23 1 15 17 13** 22 81** 11 59* -3 57 19 12**
LE I6x Anagha 39 66** 24 60** 0 43 16 30** 30 20** 18 77** -8 18 13 42*
LE 16x Manulekshmi 10 05* 7 21 -8 88* 5 52 16 85** 9 65 15 24** 4 71
LE 16x V Vijai 15 61** 6 74 1 63 17 69** 23 04** 16 55** 0 72 24 42**
LE 19x Anagha 3761** 34 36** -10 86* 3 23 26 27** 23 87** 17 92** 1 39
LE 19x Manulekshmi 42 42** 26 80** 7 77 24 80** 30 70** 29 24** -12 41** 8 20
LE 19x V Vijai 22 12** 3 61 -1 35 14 24** 14 61** 1 25 12 50** 8 08
LE 20x Anagha 33 06** 25 57** -10 55* 3 59 19 30** 14 84* -20 88** -2 26
LE 20x Manulekshmi 40 90** 29 49** 10 06* 27 45** 52 40** 51 15** 4 15 28 65**
LE 20x V Vuai 18 71** 3 76 -1 20 1441** 12 85* 1 41 -12 36** 8 26
LE 26x Anagha 18 07** 3 56 -13 19** 0 53 23 26** 19 23** 18 68** 0 46
LE 26x Manulekshmi 6 97 6 23 -9 71* 4 56 31 83** 31 41** -10 37* 10 72
LE 26x V Vijai 3 94 -2 28 6 95 7 75 13 44** 1 49 -12 30** 8 34
RH -  P elative heterosis 

SH (I) -  Standard heterosis over Indam 9802 

'‘Significant at 5 per cent level

HB -  Heterobeltiosis

SH (L) -  Standard heterosis over Lekshmi 

**Significant at 1 per cent level



Table 19 Heterosis (%) for days to fust flow enng and days to fruit set

Crosses Days to first flowering Days to fruit set
RH HB SH (I) SH (L) RH HB SH (I) SH (L)

LE 3 x Anagha -17 62** 22 37** 1601** 14 79** 20 71** -32 38** 6 12 6 90
LE 3 x Manulekshmi 0 00 -1 00 7 11** 8 66** -17 76** -25 01** 4 10 18 55**
LE 3x V Vijai 3 45 -6 26** 1 42 2 89 I 81 -19 14** 12 25* 27 82**
LE 12x Anagha -8 57** 8 91** 1281** 11 55** 4 41 16 90** 10 23 25 52**
LE 12\ Manulekshmi -8 67** -13 42** -8 19** -6 86** 741* 0 00 32 64** 51 05**
LE 12x V Vijai 4 28* 7 87** 12 46** -11 19** 2 86 16 90** 10 23 25 52**
LE 13x Anagha -8 91** 15 56** 5 35* 3 97 2 75 13 13** 8 21 23 22**
LC 13x Manulekshmi -6 69** -9 21** 1 77 3 25 -2 59 -6 59 16 35** 32 50**
LE 13x V Vijat 2 14 -8 89** 2 14 3 62 10 87* 8 21 14 33** 30 20**
LE 16x Anagha -24 61** 29 81** 22 07** 20 94** 14 80** 23 34** -6 06 6 97
LE 16\ Manulekshmi -17 70** -19 55** -10 68** -9 38** -18 98** -21 69** -4 04 9 27
LE 16xV Vijai 0 53 10 89** 1 07 0 37 18 02** 31 68** 16 29** -4 67
LE 19\ Anagha -14 28** 21 00** 10 32** 9 02** 12 82** 26 09** 4 10 18 55**
LE 19x Manulekshmi 5 02** -8 14** 4 27* 5 78** -16 77** -24 61** 6 18 20 92**
LE 19x V Vijai 13 07** 031 13 87** 15 52** -2 75 23 17** 8 21 23 22**
LE 20x Anagha -3 80* -10 03** -1 07 0 37 -27 15** -38 60** -12 25* -0 07
LE 20x Manulekshmi 6 42** -8 09** 1 07 2 53 -30 16** 37 15** 10 17 2 30
LE 20x V Vijai 431* 6 16** 3 19 4 69* 27 32** 42 89** -18 37** -7 04
LE 26x Anagha -6 12** -13 48** I 78 -0 36 -17 87** -28 13** -6 12 6 90
LE 26x Manulekshmi 9 24** -12 23** -0 36 1 08 -18 35** -23 44** 0 00 13 88*
LE 26\ V Vijai 1 41 -12 54** -0 72 0 73 5 74 14 06** 12 25* 27 82**

RH — Relative heterosis HB -  Heterobeltiosis

SH (I) -  Standard heterosis over Indam 9802 SH (L) -  Standard heterosis over Lekshmi

*Significant at 5 per cent level ^^Significant at 1 per cent level



4.3.8 Days to Fruit set

Twelve hybrids revealed significant negative heterosis over mid parent 

with LE 20 x Manulekshmi recording the highest (-30 16%) Eighteen hybrids 

recorded significant negative heterobeltiosis with a range of -42 89% (LE 20 x 

Vellayam Vijai) to -13 13% (LE 13 x Anagha) Three hybrids displayed 

significant negative heterosis over standard check Indam 9802 with maximum m 

LE 20 x Vellayam Vijai (-18 37%) followed by LE 16 x Vellayam Vijai 

(-16 29%) None o f the crosses showed significant negative heterosis over 

standard check Lekshmi

4.3.9 Flowers Cluster1

The magnitude o f heterosis varied from -23 70% (LE 3 x Vellayam Vijai) 

to 27 37% (LE 20 x Anagha) over mid parent, -44 47% (LE 3 x Vellayam Vijai) 

to 22 58% (LE 16 x Anagha and LE 20 x Anagha) over better parent, -21.05% 

(LE 13 x Manulekshmi) to 22 84% (LE 20 x Vellayam Vijai) over standard check 

Indam 9802 and -26 25% (LE 13 x Manulekshmi) to 14 75% (LE 20 x Vellayam 

Vijai) over standard check Lekshmi

4.3.10 Inflorescence P lant1

Relative heterosis ranged from -13 15% (LE 12 x Manulekshmi) to 

33 35% (LE 20 x Manulekshmi) and heteiobeltiosis ranged from -21 55% (LE 12 

x Manulekshmi) to 23 77% (LE 20 x Manulekshmi) Significant positive relative 

heterosis was exhibited by 13 hybrids and heterobeltiosis by eight hybrids None 

o f the hybrids exhibited significant positive heterosis over both the checks

4.3.11 Fruit set (%)

The estimates o f relative heterosis revealed that 12 crosses showed 

positive significant relative heterosis for fruit set with a maximum of 35 95% 

(LE 20 x Anagha) Heterobeltiosis ranged from -12 13% (LE 13 x Manulekshmi) 

to 28 53% (LE 16 x Manulekshmi) of which nine were significant and positive



Table 20 Heterosis (%) for flowers cluster 1 and inflorescence p lan t1

Crosses Flowers cluster1 Inflorescence plant1
RH HB SH (I) SH (L) RH HB SH(1) SH (L)

LE 3 x Anagha 21 23* 7 53 0 00 6 59 1 80 -11 05** 37 64** -40 91**
LE 3 x Manulekshmi 1291 9 07 -15 79* -21 34** -3 41 13 81** 42 43** 45 45**
LE 3x V Vijai -23 70** -44 47** -12 32 18 09* 3 38 14 20** 42 06** -45 10**
LE I2x Anagha -0 90 9 42 1 74 -4 97 1 78 -1001** 3691** 40 22**
LE 12\ Manulekshmi 5 53 -20 29** -10 47 16 37* 13 15** -21 55** 47 60** -50 35**
LE 12x V Vyai -14 30** 26 67** 15 79* 8 16 6 40* -4 36 -35 41** -38 80**
LE 13\ Anagha 14 S3* 12 77 8 79 1 62 20 79** 11 57** -21 78** -25 88**
LE I3x Manulekshmi -9 09 -18 17 * -21 05** 26 25** 22 82“* 16 05** 22 50** -26 56**
LE 13x V Vijai -15 87** 32 23** 7 00 -0 05 12 22** 5 48 -28 77** -32 51**
LF 16x Anagha 24 95** 22 58** 14 00 6 49 31 66** 23 69** 13 28** 17 83**
LE 16x Manulekshmi I 04 -5 88 15 79* 21 34** 18 98** 14 37** -23 61** -27 62**
LE 16x V Vijai -9 23 28 90** 12 26 4 87 28 01** 22 41** -17 34** -21 67**
LE 19x Anagha 12 37 11 32 3 53 -3 29 16 58** 7 37* 24 72** -28 67**
LE 19x Manulekshmi -2 16 9 69 17 58* -23 01** 1731** 1051** -26 19** -30 06**
LE 19\V  Vijai -16 94** 34 47** 3 47 -3 34 -4 96 -10 93** -39 85** -43 01**
LE 20x Anagha 27 37** 22 58** 14 00 6 49 6 69* 3 14 32 09** 35 66**
LE 20x Manulekshmi 20 35* 14 20 1 79 8 26 33 35** 23 77** -17 34** -21 67**
LE 20x V Vijai 0 73 -22 20** 22 84** 14 75* 6 52* -1 64 -33 58** -37 06**
LE 26x Anagha 24 77** 21 42** 19 32* 11 46 7 36* -7 90** -35 43** -38 81**
LE 26x Manulekshmi 17 94* 5 30 3 47 -3 34 4 73 8 29** 38 75** -41 96**
LE 26x V Vijai -17 81** 33 33** 5 26 -1 67 -4 07 -16 39** -43 54** -46 50**
RH -  Relative heterosis HB — Heterobeltiosis

SH (I) -  Standard heterosis over Indam 9802 SH (L) -  Standard heterosis over Lekshmi

*Sigmficant at 5 per cent level **Sigmficant at 1 per cent level



Table 21 Heterosis (%) for fruit set and pollen viability

c<s
IKS

Crosses Fruit set % Pollen viability %
RH HB SH (1) SH (L) RH HB SH (I) SH (L)

LE 3 x Anagha 21 84** 17 78** 11 94* 6 80 21 30** 10 16** -0 04 1 73
LE 3 x Manulekshmi 2 Cb -2 40 -13 43* -17 40** 12 76** 8 41** -19 70** -21 06**
LE 3x V Vijai 5 30 9 47 11 94* -15 98** 8 03** 18 96** 21 27** 22 60**
LE 12x Anagha -1 40 5 05 9 75 13 90** -5 71* 14 23** 22 17** 23 49**
LE 12x Manulekshmi 7 63 7 60 -5 24 9 60* 23 39** 18 43** -11 96** -13 45+*
LE 12x V Vijai 1 01 5 73 -8 29 -12 50* -3 78 -15 08** -17 50** 18 90**
LE 13x Anagha 6 58 3 98 3 90 -0 87 5 23* 1 97 7 47** 9 03+*
LE 13x Manulekshmi -6 58 12 13* 12 19* 16 22** 661* 3 89 18 19** -19 58**
LE 13\ V Vijai 8 88* 7 44 7 36 2 43 0 96 5 28* 7 99** -9 54**
LE 16x Anagha 14 44** 11 17* 5 66 0 80 22 26** 13 71** 3 18 1 44
LC 16x Manulekshmi 29 65** 28 53** 15 17** 9 88* 46 18** 37 11** 7 00** 5 20*
LE I6xV  Vijai 18 77** 14 08** 10 97* 5 88 18 25** 6 62** 3 58 1 83
LE 19\ Anagha 21 22** 19 67** 13 74** 8 51 29 62** 18 99** 7 97** 6 15**
LE 19x Manulekshmi 974* 7 05 -0 86 -5 42 25 89** 19 66** -9 23** 10 76**
LE 19x V Vijai 3 89 1 39 -I 37 O 90 0 51 -10 51** 13 06** 14 53**
LE 20x Anagha 35 95** 16 12** 10 37* 5 30 20 97** 6 76** -3 12 -4 76*
LE 20x Manulekshmi 26 47** 11 58* -1 74 -6 25 30 70** 29 68** -9 95** -11 48**
LE 20x V Vijai 31 50** 11 25* 8 23 3 26 20 33** 3 17 0 22 1 47
LE 26x Anagha 14 19** 4 03 I 13 5 67 9 26** 5 68* -1441** -15 86**
LE 26\ Manulekshmi 0 58 5 09 -16 42** 20 26** 9 55** 7 60* -26 45** -27 70**
LE 26x V Vijai 26 91** 14 42** 11 30* 6 19 25 84** 5 62* 2 60 0 87
RH -  Relative heterosis HB -  Heterobeltiosis

SH (I) -  Standard heterosis over Indam 9802 SH (L) — Standard heterosis over Lekshmi

*Significant at 5 per cent level ^^Significant at 1 per cent level



Six hybrids exhibited significant positive heterosis over standard check Indam 

9802 The standard heterosis ranged from -16 42% (LE 26 x Manulekshmi) to 

15 17% (LE 16 x Manulekshmi) Only one hybrid LE 16 x Manulekshmi 

registered positive and significant heterosis over standard check Lekshmi with a 

value of 9 88%

4.3.12 Pollen Viability (%)

The magnitude of heterosis varied from -8 03% (LE 3 x Vella>am Vijai) 

to 46 18% (LE 16 x Manulekshmi) over mid paient, -18 96% (LE 3 x Vellayam 

Vijai) to 37 11% (LE 16 x Manulekshmi) over better parent, -26 45% (LE 26 x 

Manulekshmi) to 7 97% (LE 19 x Anagha) over standard check Indam 9802 and 

-27 70% (LE 26 x Manulekshmi) to 6 15% (LE 19 x Anagha) over standard check 

Lekshmi Out of 21 crosses, positive significant heterosis was exhibited by 16 

over mid parent, 12 over better parent and only two over both the checks

4.3.13 Fruits Cluster 1

Nineteen hybnds exhibited significant positive relative heterosis with a 

maximum of 81 04% (LE 26 x Anagha) Heterobeltiosis ranged from -11 93% 

(LE 3 x Vellayam Vijai) to 50 08% (LE 26 x Anagha) of which 12 crosses were 

significant and positive Twelve hybrids registered significant positive heterosis 

over standard cheek Indam 9802 with a maximum of 58 33% (LE 26 x Anagha) 

followed by 55 50% (LE 20 x Vellayam Vijai) and 52 83% (LE 13 x Vellayam 

Vijai) while, 16 crosses showed positive standard heterosis over Lekshmi with 

maximum of 72 73% (LE 26 x Anagha) followed by 69 64% (LE 20 x Vellayam 

Vijai) and 66 73% (LE 13 x Vellayam Vijai) (Plate 8)

4.3.14 Fruits P lant1

Twenty hybnds had positive heterosis over mid parent with 18 being 

significant and LE 16 x Anagha recording the maximum relative heterosis 

(167 63%) None o f the hybnds had significant negative relative heterosis The

9<\



T ab le  22  H ete io s is  (% ) for fruits c lu s t e r 1 and fruits p l a n t 1

Crosses Fruits c luster1 Fruits p la n t1
RH HB SH fl) SH (L) RH HB SH (I) SH (L)

LE 3 \  Anagha 11 44* 2 69 8 33 18 18** 451 23 76** 16 43 15 86
LL 3 x Manulekshmi 22 01** 12 46* 0 00 9 09 39 42** 34 26** 22 35 11 58
LE 3x V Vijai 0 04 -11 93** 2 75 12 09* 34 53** 28 83* 28 26* 731
LE 12x Anagha 2 68 0 00 5 50 15 09** 7 16 17 55* 25 91* -9 0 1
LE 12x Manulekshmi 14 29** 0 00 0 00 9 09 29 11* 27 49* 7 58 - 22 25*
LE 12x V Vijai 1031* 2 43 19 50** 30 36** 23 82* 13 07 1257 - 18 65*
LE 13x Anagha 36 05** 34 28** 41 67** 54 55** 111 42** 108 02** 228 24** 13721**
Lh I3x Manulekshmi 12 52* 2 68 0 00 9 09 92 67** 47 85** 133 30** 68 60**
LE 13x V Vijai 39 31** 31 00** 52 83** 66 73** 101 97** 64 70** 159 88** 87 81**
LE 16x Anagha 37 16** 26 38** 33 33** 45 45** 167 63** 16051** 320 20** 203 67**
LE I 6x Manulekshmi 22 01** 12 46* 0 00 9 09 57 30** 19 80** 93 23** 39 64**
LE 16x V \  ijai 26 96** 11 86** 30 50** 42 36** 112 Si** 72 11** 177 61** 100 62**
LE 19x Anagha 23 95** 15 88** 22 25** 33 36** 68 54** 57 47** 140 48** 73 79**
LE 19x Manulekshmi 33 23** 21 07** 11 08* 21 18** 87 78** 53 61** 103 77** 47 26**
LE 19x V Vijai 14 67** 2 43 19 50** 30 36** 17 00 2 40 35 84** 1 83
LE 20x Anagha 27 75** 21 09** 27 75** 39 36** 20 85** 10 50 68 75** 21 95*
LE 20x Manulekshmi 17 99** 5 82 0 00 9 09 124 00** 86 67** 136 26** 70 74**
LE 20x V Vijai 47 28** 33 29** 55 50** 69 64** 87 32** 67 33** 111 78** 53 05**
LE 2 6 \ Anagha 81 04** 50 08** 58 33** 72 73** 32 99** 3 60 58 21** 14 33
LE 26x Manulekshmi 4g 5j** 44 33** 8 25 18 09** 49 76** 49 03** 27 00* 8 22
LE 26x V Vijai 22 44** -2 36 13 92** 24 27** 39 28** 29 25* 28 68* -7 01
RH — Relati\e heterosis HB -  Heterobeltiosis

SH (I) -  Standard heterosis over Indam 9802 SH (L) -  Standard heterosis over Lekshmi

*Sigmficant at 5 per cent level **Sigmficant at 1 per cent level



magnitude o f heterobeltiosis varied from -23 76% (LE 3 x Anagha) to 160 51% 

(LE 16 x Anagha) with 15 hybrids in significant positive direction and two in 

negative direction All the hybrids showed positive heterosis over the check 

Indam 9802, 17 being significant with a maximum o f 320 20% (LE 16 x Anagha) 

followed bj 228 24% (LE 13 x Anagha) The estimates o f standard heterosis over 

check Lekshmi varied from -22 25% (LE 12 x Manulekshmi) to 203 67% (LE 16 

x Anagha) with 11 hybrids in significant positive direction

4.3.15 Fruit Length (cm)

Fifteen hybrids showed significant relative heterosis in positive direction 

with a maximum of 37 05% (LE 26 x Anagha) followed by 28 00% (LE 13 x 

Vellayam Vijai) Heterobeltiosis ranged from -16 49% (LE 12 x Vellayam Vyai) 

to 25 67% (LE 26 x Anagha), 11 hybnds recording significant positive heterosis 

None of the hybrids registered significant heterosis over check Indam 9802 in 

positive direction Only one hybrid LE 13 x Vellayam Vijai (7 06%) showed 

significant positive heterosis over check Lekshmi while, most o f the hybrids 

exhibited significant negative standard heterosis

4.3.16 Fruit Girth (cm)

Relative heterosis for fruit girth varied from -5 77% (LE 16 x Anagha) to 

21 20% (LE 19 x Manulekshmi) with 13 hybnds exhibiting significant heterosis 

in positive direction The heteiobeltiosis pei cent ranged from -9 56 (LE 16 x 

Anagha) to 20 77 (LE 19 x Manulekshmi), seven hybrids recording significant 

positive heterosis None of the crosses exhibited significant standard heterosis 

over both the checks m positive direction

4.3.17 Fruit Weight (g)

All the 21 crosses exhibited positive heterosis over mid parent with 13 

being significant and LE 19 x Manulekshmi (88 55%) registering the maximum 

followed by LE 13 x Manulekshmi (66 39%) The cross LE 19 x Manulekshmi



Table 23 Heterosis (%) for fiu it length and fruit girth

Crosses Fruit length (cm) Fruit girth (cm)
RH HB SH (1) SH (L) RH HB SH (I) SH (L)

LE 3 x Anagha 19 40** 1731** -19 84** -18 21** 0 32 1 27 -28 85** 35 85**
LE 3 \  Manulekshmi 13 55** 10 03** -19 84** -18 21** 2 65 2 25 -25 73** 33 04**
LE 3x V Vijai 6 09* 7 93*# 14 48** 12 73** 3 06 2 43 25 26** 32 62**
LE 12x Anagha 0 10 2 35 35 62** 34 30** -4 88 6 87* 35 01** -41 41**
LE 12\ Manulekshmi 9 ] j ** 1 51 26 05** 24 54** 2 32 -1 74 28 64** -35 66**
LE 12x V Vijai -0 29 -16 49** -22 43** -20 84** 1 58 5 69 -31 19** 37 96**
LE 13\ Anagha 16 75** 12 56** -20 04** -18 40** 5 On 1 35 -23 92** 31 41**
LE 13x Manulekshmi 21 38** 19 88** -12 67** -10 88** 19 39** 17 45** -11 83** 20 51**
LE 13x V Vijai 28 00** 12 94** 4 91 7 06* 5 87* 4 39 21 64** -29 35**
LE 16x Anagha -2 30 6 22 32 77** 31 40** -5 77* -9 56** 31 36** -38 12**
1 E 16x Manulekshmi 18 96** 18 01** -14 03** -12 27** 17 68** 15 16** -12 61** 21 21**
LE I6x V Vijai 2 59 -9 12** -15 58** 13 85** :> 55* 3 52 21 44** 29 17**
LE 19 \ Anagha 0 18 7 48* -27 99** 26 52** 7 14** 5 41 23 98** -31 46**
LE 19x Manulekshmi 24 15** 20 18** 6 46* 4 55 21 20** 20 77** -12 28** -20 91**
LE 19x V Vijai 16 85** 7 38* -0 26 I 78 5 76* 5 16 -23 27** 30 83**
LE 20x Anagha -I 96 -10 33** -28 70** -27 24** 7 50** 6 15 -25 93** 33 22**
LE 20x Manulekshmi 9 46** 4 88 16 61** 14 91** 9 84** 6 36* 22 75** -30 35**
LE 20x V Vijai 13 91** 5 71* 1 81 0 20 1041** 6 68* -22 16** -29 82**
LE 26x Anagha 37 05** 25 67** 0 65 1 39 9 38** 8 88** -23 31** -30 86**
LE 26x Manulekshmi 10 89** 6 54 -15 77** -14 05** 7 37** 5 74 -23 20** -30 76**
LE26xV Vijai 17 74** 8 98** 1 23 3 30 1291** 10 95** -19 04** -27 01**
RH — Relative heterosis HB -  Heterobeltiosis

SH (1) -  Standard heterosis over Indam 9802 SH (L) -  Standard heterosis over Lekshmi

^Significant at 5 per cent level **Significant at 1 per cent level



Table 24  H ete ios is  (%) foi f im t w eight and yield p l a n t 1

Crosses Fruit weight (g) Yield plant1
RH HB SH (1) SH (L) RH HB SH (I) SH (L)

LE 3 x Anagha 4 95 0 35 66 74** -63 38** 46 88** 31 77** -43 31** 48 33**
LE 3 x Manulekshmi 9 65 4 43 61 75** -57 88** 37 74** 27 24* -56 52** 60 76**
LE 3 \ V Vijai I 48 3 78 64 42** 60 82** 24 16* 18 52 -55 46** 59 80**
LE 12\ Anagha 6 28 4 23 68 49** -65 30** 57 06** 34 81** -42 00** 47 65*-
LE 12x Manulekshmi 0 54 9 84 66 97** 63 63** 73 90** 68 61** -48 01** - 53 07**
LE 12x V Vijai 7 36 4 12 64 55** 60 96** 70 80** 55 47** -41 57** 47 26**
LE 13x Anagha 25 05** 18 97** 60 16** 56 13** 151 20** 135 44** 15 83** 4 54
LE 13x Manulekshmi 66 39** 59 26** 41 67** 35 77** 163 lo** 109 02** 2 83 -7 18
LE 13x V Vijai 42 08** 35 38** 49 94** 44 88** 155 55** 125 39** 10 88* 0 08
LE 16x Anagha 1 26 -4 39 67 46** 64 17** 154 44** 123 16** 27 32** 14 92**
LE I6x Manulekshmi 43 27** 38 19** -49 38** 44 26** 110 84** 58 93** 9 33* 18 16**
LE I6x V Vnai 21 55** 1671** -56 84** 52 48** 112 82** 76 51** 0 70 9 11*
LE 19x Anagha 22 93** 17 54** -61 05** -57 11** 83 05** 80 30** -20 02** 27 81**
LE 19x Manulekshmi 88 55** 79 57** -34 23** -27 57** 171 81** 124 62** -0 35 10 06**
LE 19x V Vijai 37 75** 30 60** -51 71** 46 82** 26 23** 16 59 -48 28** 53 32**
LE 20x Anagha 20 38** 18 80** 63 12** -59 39** 28 61** 28 48** -44 61** 50 00**
LE 20x Manulekshmi 20 27** II 10* 59 30** -55 19** 140 38** 100 91** -13 38** 21 81**
LE 20x V Vijai 30 48** 20 02** 55 62** -51 13** 96 35** 83 76** -20 77** -28 49**
LE 26x Anagha 13 51* 6 77 63 37** -59 67** 21 48* 1201 51 81** -56 50**
LE 26x Manulekshmi 2 62 -0 64 63 60** 59 92** 20 27 8 08 60 74** -64 57**
LE 26x V Vnai 12 33* 8 26 -59 97** 55 92** 50 40** 47 87** 44 43** .49 84**
RH -  Relative heterosis

SH (I) -  Standard heterosis over Indam 9802

^Significant at 5 per cent level

HB -  Heterobeltiosis

SH (L) -  Standard heterosis over Lekshmi

**Sigmficant at I per cent level



recorded the maximum heterosis over better paient (79 57%) followed by LE 13 x 

Manulekshmi (59 26%) with 11 hybnds being significant and m positive 

direction None ot the hybrids exhibited significant positive heterosis over both 

the checks

4.3.18 Yield P lant' (g)

All the 21 hybrids revealed positive relative heterosis with 20 being 

significant which ranged from 21 48% (LE 26 x Anagha) to 171 81% (LE 19 x 

Manulekshmi) The magnitude of heterobeltiosis ranged from 27 24% (LE 3 x 

Manulekshmi) to 135 44% (LE 13 x Anagha) for 17 hybnds which were 

positively significant over better parent The magnitude of standard heterosis 

ranged from -60 74% (LE 26 x Manulekshmi) to 27 32% (LE 16 x Anagha) over 

check Indam 9802 while, it ranged from -64 57% (LE 26 x Manulekshmi) to 

14 92% (LE 16 x Anagha) over check Lekshmi Three hybnds showed significant

positive standard heterosis over Indam 9802

4.3.19 Yield Plot-1 (kg)

Eleven crosses recorded significant positive heterosis over mid parent 

which ranged from 44 25% (LE 12 x Anagha) to 328 25% (LE 13 x

Manulekshmi) Heterosis ovei better parent ranged from -45 63% (LE 19 x

Vellayam Vijai) to 270 89% (LE 13 x Manulekshmi) Standard heterosis over 

Indam 9802 ranged from -39 34% (LE 19 x Vellayam Vijai) to 220 03% (LE 13 x 

Manulekshmi) with ten hybrids showing positive significant heterosis while, it 

ranged from -57 35% (LE 19 x Vellayam Vijai) to 125 01% (LE 13 x 

Manulekshmi) with nine hybnds towards significant positive direction

4.3.20 TSS (%)

The hybnds exhibited heterosis foi TSS m the range o f -20 09% (LE 12 x 

Anagha) to 28 12% (LE 16 x Anagha), -25 24% (LE 12 x Anagha) to 18 87% (LE 

16 x Anagha), -26 49% (LE 12 x Anagha) to 16 89% (LE 16 x Anagha), -28 36%

<14*



Table 25 Heterosis (%) for yield p l o t 1 and TSS

Crosses Yield p lo t1 (kg) TSS (%)
RH HB SH (I) SH (L) RH HB SH(1) SH(L)

LE 3 x Anagha 15 32 -21 82 -3 80 32 36** 3 44 1 85 -3 49 5 95*
LE 3 x Manulekshmi 44 73 9 09 -5 87 -33 82** 13 28** 16 65** -20 22** -22 26**
LE 3x V Vijai 2 77 32 31* 24 47 46 90** 14 54** -21 27** 17 53** 19 63**
LE 12x Anagha 44 25* 3 50 18 74 16 52 20 09** -25 24** 26 49** 28 36**
LE 12x Manulekshmi 37 83 2 12 -11 88 -38 04** 13 69** 18 23** -21 73** 23 72**
LE 12x V Vijai 5 94 -27 29 -18 87 42 96** 13 62** 21 50** -17 76** 19 86**
LE 13x Anagha 183 70** 114 68** 164 15** 85 73** 1 64 4 76 6 34* 8 73**
LE 13\ Manulekshmi 328 25** 270 89* * 220 03** 125 01** -15 06** -19 39** 22 84** -24 81**
LE 13x V Vijai 196 43** 132 13** 159 00** 82 10** 22 00** 11 05** 16 34** 13 37**
LE 16x Anagha 85 35** 69 91** 150 88** 76 40** 28 12** 18 87** 16 89** 13 91**
LE 16x Manulekshmi 120 GO** 74 76** 158 04** 81 43** 17 64** 22 62** -25 93** -27 82**
LE 16x V Vi|ai 95 84** 71 91** 153 84** 78 47** 1 93 8 10** 3 73 -6 18*
LE 19x Anagha 1 10 68** 58 84** 95 45** 37 42** 14 30** 2 18 0 48 -2 09
LE 19x Manulekshmi 252 13** 203 58** 161 95** 84 18** 12 36** 1 66 -2 70 5 18
LE 19xV Vi|ai 30 30 -45 63** -39 34* 57 35** 13 23** -1 51 3 17 0 54
LE 20x Anagha -1 34 -23 59 -5 97 -33 89** 6 46* 1 61 0 08 -2 63
LE 20x Manulekshmi 242 01** 204 88** 163 07** 84 96** -14 91** 17 73** 21 25** -23 26**
LE 20x V Viiai 59 83** 28 29 43 14* 0 64 18 79** 10 07** 15 31** 12 36**
LE 26x Anagha 10 66 -23 70 -6 11 33 99** 15 55** 2 18 0 48 -2 09
LE 26x Manulekshmi -6 64 -28 09 -37 95* -56 37** -3 15 13 34** -17 05** -19 17**
LE 26x V Vijai 18 04 1631 6 62 34 34** 7 30* -7 65** 3 25 -5 72
RH -  Relative heterosis

SH (I) -  Standard heterosis ovei Indam 9802

*Significant at 5 per cent level

HB -  Heterobeltiosis

SH (L) -  Standard heterosis over Lekshmi

^^Significant at 1 per cent level



(LE 12 x Anagha) to 13 91% (16 x Anagha) respectively over mid parent, better 

parent, standard check Indam 9802 and standard check Lekshmi

4.3.21 Lycopene (m g /100 g)

Four hybrids exhibited significant positive heterosis over mid parent, one 

over better parent and none of the hybrids over both the checks for lycopene 

content Relative heterosis for lycopene ranged from -27 79% (LE 16 x 

Manulekshmi) to 30 34% (LE 16 x Anagha) and heterobeltiosis from -37 18% 

(LE 12 x Anagha) to 23 65% (LE 16 x Anagha)

4.3.22 Ascorbic acid (m g /100 g)

The hybrid LE 19 x Anagha recorded the highest significant heterosis over 

mid patent and better parent with 84 64% and 80 56% respectively The 

magnitude o f standaid heterosis ranged from -25 66 (LE 12 x Anagha) to 41 06% 

(LE 19 x Anagha) and -34 52% (LE 12 x Anagha) to 24 24% (LE 19 x Anagha) 

over both the checks respectively

4.3.23 Incidence of bacterial wilt

The cross LE 13 x Manulekshmi exhibited highest significant negative 

heterosis over mid paient (-70 21%) followed by LE 20 x Manulekshmi 

(-61 90%) Eleven hybrids recorded significant heterobeltiosis in negative 

direction with a maximum of LE 13 x Manulekshmi (-81 58%) followed by LE 20 

x Manulekshmi (-75 76%) The cross LE 13 x Manulekshmi exhibited significant 

negative standard heteiosis over both the checks with -83 72% and -81 58% 

respectively, which was followed by LE 20 x Manulekshmi with -81 40% and 

-78 95% respectively Among the 21 crosses, 20 and 17 crosses recorded negative 

standard heterosis ovei both the checks respectively



Table 26 Heterosis (%) for lycopene and ascorbic acid

_0

Crosses Lycopene (mg/ 100 g) Ascorbic acid (mg/100 g)
RH HB SH(1) SH (L) RH HB SH (I) SH (L)

LE 3 x Anagha 8 45** 1451** 29 29** 32 90** 12 30* 9 42 18 30** 28 04**
LE 3 x Manulekshmi 1 96 2 52 29 24** 32 85** 3 99 -5 11 18 53** 28 25**
LE 3x V Vijai -9 05** -21 68** -22 IS** 2615** 23 02** 11 03 -2 30 13 95**
LE 12x Anagha -23 90** -37 18** -48 04** 50 69** 1 65 0 44 -25 66** -34 52**
LE 12x Manulekshmi -10 07** -21 69** -43 15** -46 05** 5 26 3 48 -17 13** -27 02**
LE I2x V Vijai 1091** -31 32** -31 75** -35 24** 11 65* 1 25 10 91* -21 54**
LE 13x Anagha 901** 20 52** 34 26** 37 62** 55 53** 54 85** 15 63** 1 83
LE 13x Manulekshmi 3 13 10 34** 34 91** 38 24** 14 20* 6 32 8 72 -I9 60**
LE 13x V Vijai 25 13** 1 47 0 84 -4 32* 37 66** 26 73** 11 51* 1 79
LE 16x Anagha 30 34** 23 65** 2 28 2 95 36 55** 27 05** 10 20* 2 95
LE 16\ Manulekshmi -27 79** 28 58** 46 99** 49 70** 4 70 -5 18 -17 76** 27 57**
LE 16\ V Vijai -5 42* -17 39** -17 91** -22 11 ** 33 54** 32 59** 16 67** 2 75
LF 19x Anagha -4 48* -7 68** -23 64** -27 54** 84 64** 80 56** 41 06** 24 24**
LE 19x Manulekshmi -2 64 -5 52* -27 09** -30 82** 37 68** 31 48** 12 88* 0 58
LE 19x V Vuai 6 83** 5 11* 5 70** -10 52** 24 36** 17 38** 3 29 -9 03*
LE 20x Anagha 13 21** 19 73** 33 60** 37 00** 47 89** 43 76** 7 35 -5 46
LE 20x Manulekshmi 17 61** 18 91** -41 13** -44 14** 54 14** 40 36** 20 50** 6 13
LE 20x V Vi|ai -17 54** -29 61** -30 05** 33 62** 32 69** 19 50** 5 15 -7 39
LE 26x Anagha -1 04 -5 34* -21 71** -25 71** 43 72** 36 85** 12 99* 0 48
LE 26x Manulekshmi -20 97** -22 51** 41 47** -44 47** 48 63** 45 79** 25 16** 10 24*
LE 26x V Vijai 12 80** -0 74 -1 36 -6 40** 5 05 1 81 -10 42* -21 10**
RH ~ Relative heterosis

SH (I) -  Standard heterosis over Indam 9802

’‘■Significant at 5 per cent level

HB -  Heterobeltiosis

SH (L) -  Standard heterosis over Lekshmi

**Sigmficant at 1 per cent level



Table 27 Heterosis (%) for bacterial w ilt incidence

Crosses Bacterial wilt incidence (%)
RH HB SH (I) SH (L)

LE 3 x Anagha 26 53* 18 42* 27 91** 18 42*
LE 3 x Manulekshmi -2 13 39 47** 46 51** 39 47**
LE 3x V Vijai 31 91* 18 42* 27 91** -18 42*
LE 12x Anagha 4 17 -32 43** 41 86** -34 21**
LE 12> Manulekshmi 34 78** -16 22 -27 91** -18 42*
LE 12x V Vijai 56 52** -2 70 -16 28* -5 26
LE I3x Anagha 14 29 44 74** -51 16** 44 74**
LE I3x Manulekshmi 70 21** 81 58** 83 72** 81 58**
LE 13x V Vijai 14 89 4737** 53 49** -47 37**
LE 16x Anagha 92 59** 62 50** 39 53** -31 58**
LE 16x Manulekshmi -1200 -31 25 .74 42** -71 05**
LE 16xV Vijai 36 00 6 25 -60 47** -55 26**
LE 19x Anagha -23 40 -50 00** -58 14** -52 63**
LE I9x Manulekshmi 33 33* 58 33** 65 12** 60 53**
LE 19x V Vijai 77 78** 11 11 -6 98 5 26
LE 20x Anagha 40 91** 6 06 27 91** 18 42*
LE 20x Manulekshmi 61 90** 75 76** 81 40** 78 95**
LE 20x V Viiai 38 10** 12 12 -32 56** -23 68*
LE 26x Anagha 10 20 -28 95** -37 21** -28 95**
LE 26x Manulekshmi 40 43** -13 16 -23 26** -13 16
LE 26x V Vijai 36 17** -15 79 -25 58** -15 79
RH -  Relative heterosis

SH (1) — Standard heterosis over Indam 9802

^Significant at 5 per cent level

HB -  Heterobeltiosis

SH (L) -  Standard heterosis over Lekshmi

**Significant at 1 per cent level



4 4 COMBINING ABILITY ANALYSIS

The data on different characters were subjected to line x tester analysis to 

study the general combining ability and specific combining ability effects

4.4.1 General combining ability effects

The general combining ability effects calculated for ten parents (seven 

lines and three testers) are presented in Table 28

4.4.1.1 Plant Height (cm)

Estimates of gca effects of lines revealed that three parents LE 13 (13 68), 

LE 16 (8 87) and LE 20 (3 90) registered significant and positive gca effect 

indicating that they were good general combiners for tallness Three parents 

showed significant negative gca effect for this trait le  LE 26 (-1058), LE 19 

(-10 10) and LE 12 (-5 96) indicating that they were good combiners for 

dwarfness

Among the testers, significant and positive gca effect was exhibited by 

Manulekshmi (5 88) whereas, Anagha (-3 45) and Vellayam Vijai (-2 43) 

exhibited significant negative gca effect

4.4.1.2 Height at Flowei ing (cm)

Among the lines, negative and significant gca effect was shown by LE 19 

(-5 29) and LE 26 (-3 96) while, positive significant gca effect was shown by LE 

12 (6 86) and LE 20 (3 57)

Among the testeis Vellayam Vijai (-1 41) and Anagha (-1 29) exhibited 

significant negative gca effects while, Manulekshmi (2.69) recorded positive 

significant gca effect for the trait



Table 28 General combining ability effects of parents

Parents Plant height 
(cm )

H eight at 
flowering  

(cm)

N ode to first 
inflorescence

Pnmary 
branches p la n t1

L eaf
length
(em )

L eaf width  
(cm )

D a\ s to first 
flow ering

Days to  fruit 
set

Lines

LE 3 0  IS -0  1 2 0 50** 0  28 1 35* 1 1 9 ** 0 23 0 03

LE 12 5 96** 6  8 6 ** 0 31 * -2 05** 3 41** 1 6 6 ** -2  47** 0  81**

LE 13 13 6 8 ** 1 07 -0 46** 0 47 0 36 0  8 6 * 0  8 6 ** 0 55**

LE 16 8  87** 0 0 1 0 35* 2  84** -0  2 2 0 45 -2  51** -0 63**

LE 19 1 0  1 0 ** -5  29** -0 53** -1 0 2 ** 0  01 0 95* 1 83** 0  18

LE 2 0 3 90* 3 57** 1 06** 0 39 0  28 0  0 0 1 34** -0 89**

LE 26 10 58** 3 96** 0 39* -0  35 2 48** 0 84* 0 71** 0 04
S E + _

1 55 0 63 0 15 0  26 0 51 0 36 0 25 0  11

C D  (0 05) 3 15 1 29 0 3 1 0 54 1 04 0 74 0 52 0 23

Testers

A nagha 3 45** -1 29** 0 17 0 43* 1 26** -1 03** 2  08** 0  2 2 *"
M anulekshm i

5 8 8 ** 2 69** 0  18 1 13** 0 96** 0 64* 0 79** 0  2 0 *
V ellayam  Vijai

-2  43* 1 41** -0  01 -0  70** 0 30 0 39 1 30** 0  0 2

S E + _ 1 01 0 41 0  10 0  17 0 33 0 24 0  16 0 07

C D  (0 05) 2  06 0 84 0  2 0 0 35 0  6 8 0 49 0 34 0 15

^Significant at 5 per cent level ^S ign ifican t at 1 per cent level



T able 28 C ontinued

o

Parents Flowers 
cluster 1

Inflorescence 
p lan t1

Fruit set % Pollen 
viability %

Fruits 
c lu s te r1

Fruits 
p lan t1

Fruit length 
(cm)

Fruit girth 
(cm)

Lines

LE3 0 70** 2 78** 3 91* _4 14** 0 64** 18 40** 0 13* 0 53**

LE 12 0 04 -2 56** -6 36** 6 96** -0 45** -20 24** 0 65** 1 39**

LE 13 -0 22 2 14** 081 2 18** 0 48** 21 49** 0 32** 0 7 5 **

LE 16 0 11 4 03** 731** 1041** 0 07 27 60** 0 27** 0 29

LE 19 -0 33 0 36 2 28 9 95** 0 08 0 30 0 20** 0 62**

LE 20 0 63** 1 14** 3 60* 3 34** 0 33** 3 53** -0 01 -0 02

LE 26 0 48* -2 34** -2 13 -3 41** 0 29** -14 29** 0 54** 0 28
S E +_ 0 19 0 23 1 51 0 71 0 08 1 22 0 05 0 15

CD (0 05)
0 39 0 48 3 06 1 45 0 16 2 48 0 11 0 30

Testers

Anagha 0 44** 0 79** 3 12** 2 65** 0 34** 8 01** 0 42** -0 68**

Manulekshmi 0 83** 0 08 -4 27** -3 32** -0 67** _4 59** 0 02 0 67**

Vellayam V u ai 0 38** -0 87** 1 15 0 67 0 33** -3 42** 0 44** 001
S E + _ 0 12 0 15 0 99 0 47 0 05 0 80 0 03 0 09

CD (0 05) 0 26 031 2 00 0 95 O i l 1 63 0 07 0 20

'Significant at 5 per cent level ^ S ign ifican t at 1 per cent level



is 
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Table 28 Continued

Parents Fruit weight 
(g)

Yield p lan t1 (g) Yield p lo t 1 

(i-g)
TSS (%) Lycopene 

(m g /1 OOg)
Ascorbic acid 

(mg/1 OOg)
Bacterial w ill 
incidence (%)

Lines

LE 3 5 46** 443 89** -7 32** -0  26** -0 03 3 78** 6  59**

LE 12 7 72** 309 83** -6  60* * -0  61** -1 82** 4  96** 10 48**

LE 13 7 64** 614 58** 11 57** 0 14* 0 50** 0  8 8 13 97**

LE 16 0  6 6 552 32** 8 94** 0 14** 0 74** 0 13 -10  63**

LE 19 9 51 18 0 93 0 33** 1 0 0 ** 4 03** -0 08

LE 20 -0 73 6  79 0 35 0 23** 1 05** 2 07** 2  8 6

LE 26 -3 56** -4 5 5  58** -7 87** 0 04 0  6 6 ** 1 64** 10 48**
S E + „ 0 77 31 40 0 67 0 05 0  10 0 48 2 30

CD (0 05)
1 57 63 47 1 37 0  10 0  21 0 98 4 6 6

Testers

Anagha 5 50** 55 11* 0 41 0  2 0 ** 0 03 0 89** 1 98
Manulekshmi 4 53** 11 06 2 87** 0 48** 1 41** 0 73* -1 0  16**

Vellayam  Vijai 0 97 44  06* 2 47** 0 27** 1 43** -0  16 8  17**
S E + _ 0 5 1 20 56 0 44 0 03 0  06 0 3 1 1 50

CD (0 05)
I 03 41 55 0 90 0 07 0 14 0 64 3 05

“Significant at 5 per cent level **Significant at 1 per cent level



4.4,1.3 Node to First InJIoiescence

Foui lines viz, LE 19 (-0 53), LE 3 (-0 50), LE 13 (-0 46) and LE 12 

(-0 31) exhibited significant negative gca effect for node to fiist inflorescence and 

three lines LE 20 (1 06), LE 26 (0 39) and LE 16 (0 35) exhibited significant 

positive gca effect

None of the testers showed significant positive or negative gca effect for 

the trait

4.4.1 4 Primary Blanches P lanf1

The line LE 16 (2 84) recoided significant positive gca effect while, LE 12 

(-2 05) and LE 19 (-1 02) recorded significant negative gca effect for the trait

The tester Manulekshmi (1 13) exhibited significant gca effect in positive 

direction while, Vellayam Vijai (-0 70) and Anagha (-0 43) showed significant 

gca effect m negative direction for the trait

4.4.1.5 L ea f Length (cm)

Among the lines, LE 12 (3 41) recorded significant and positive gca effect 

while, LE 26 (-2 48) and LE 3 (-1 35) had significant gca effect in negative 

direction for the trait

Among the testers, Manulekshmi (0 96) had significant positive gca effect 

while, Anagha (-1 26) recorded significant gca effect in negative direction

4.4.1 6 L ea f Width (cm)

Significant positive gca effect for leaf width was exhibited by the lines 

LE 12 (1 66) and LE 13 (0 86) while, significant gca effect in negative direction 

was exhibited by LE 3 (-1 19), LE 19 (-0 95) and LE 26 (-0 84)

105



The tester Manulekshmi (0 64) had significant positive gca effect while, 

Anagha (-1 03) recorded significant gca effect m negative direction

4.4.1.7 Days to First Flowering

The estimates of gca effects implied that two lines, LE 16 (-2 51) and 

LE 12 (-2 47) recorded significant negative gca effect m the desirable direction 

These are the good general combiners for earliness among the lines

Significant negative gca effect m the desirable direction was exhibited by 

Anagha (-2 08) among the testers

4.4.1. S Days to Fruit set

Among the lines, LE 20 (-0 89) and LE 16 (-0 63) showed negative 

significant gca effect in the desirable direction

Among the testers, Anagha (-0 22) exhibited significant gca effect in 

negative direction indicating earliness to fruit set

4.41.9 Flowers C luster1

The lines LE 20 (0 63) and LE 26 (0 48) exhibited positive and significant 

gca effect while, LE 3 (-0 70) lecorded significant negative gca effect

Among the testers, Anagha (0 44) and Vellayam Vijai (0 38) had positive 

and significant gca effect while, Manulekshmi (-0 83) had significant gca effect in 

negative direction

4.4.1.10 lnfloi escence P la n f1

Among the seven lines, LE 16 (4 03), LE 13 (2 14) and LE 20 (1 14) had 

significant positive gca effect while, LE 3 (-2 78), LE 12 (-2 56) and LE 26 

(-2 34) had significant negative gca effect for inflorescence p lan t1
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Among thiee testeis, Anagha (0 79) recorded positive and significant gca 

effect while, Vellayam Vyai (-0 87) exhibited significant gca effect in negative 

direction

4.4.1.11 Fruit set %

Significant positive gca effect for fruit set % was exhibited by LE 16 

(7 31) and LE 20 (3 60) while, LE 12 (-6 36) and LE 3 (-3 91) revealed significant 

negative gca effect among the lines

Anagha (3 12) recorded positive and significant gca effect while, 

Manulekshmi (-4 27) showed significant gca effect in negative direction among 

the testers for the trait

4.4.1.12 Pollen Viability %

The lines LE 16 (10 41), LE 20 (3 34) and LE 19 (2 95) recorded 

significant positive gca effect while rest of the lines exhibited negative significant 

gca effect

Among the testers, Anagha (2 65) recorded positive and significant gca 

effect while, Manulekshnn (-3 32) exhibited significant negative gca effect for the 

trait

4.4.1.13 Fruits Cluster 1

Among the lines, LE 13 (0 48), LE 20 (0 33) and LE 26 (0 29) recorded 

positive and significant gca effect while, LE 3 (-0 64) and LE 12 (-0 45) revealed 

significant gca effect in negative direction for fruits cluster1

Among the testers, Anagha (0 34) and Vellayam Vyai (0 33) exhibited 

significant positive gca effect while, Manulekshmi (-0 67) showed significant gca 

effect m negative direction foi the trait
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4.4.1,14 Fruits Planf1

Among the seven lines, LE 16 (27 60), LE 13 (21 49) and LE 20 (3 53) 

were the good general combiners for fruits plant1 by exhibiting significant 

positive gca effect while thiee lines lecorded significant negative gca effect

Among the testers, Anagha (8 01) was the good general combiner for 

fruits p lan t1 while, Manulekshmi (-4 59) and Vellayam Vijai (-3 42) exhibited 

significant gca effect m negative direction

4.4.1.15 Fruit Length (cm)

The line LE 26 (0 54), LE 13 (0 32) and LE 19 (0 20) were the best 

general combiners for fruit length by exhibiting significant gca effect in positive 

direction while, LE 12 (-0 65), LE 16 (-0 27) and LE 3 (-0 13) had significant gca 

effect in negative direction

The tester Vellayam Vijai (0 44) was the best combiner for fruit length by 

exhibiting significant positive gca effect while, Anagha (-0.42) recorded 

significant negative gca effect for the tiait

4.4.1.16 Fi uit Girth (cm)

The gca effects were positive and significant for LE 13 (0 75) and LE 19 

(0 62) among the lines, while LE 12 (-1 39) and LE 3 (-0 53) showed significant 

negative gca effects

Among the testers, Manulekshmi (0 67) recorded significant positive gca 

effect while, Anagha (-0 68) exhibited significant gca effect in negative direction
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4.4.1.17 Fruit Weight (g)

The gca effect of lines were positively significant for LE 19 (9 17) and LE 

13 (7 64) and negatively significant for LE 12 (-7 72), LE 3 (-5 46) and LE 26 

(-3 56) foi fruit weight

Among the testers, only Manulekshmi (4 53) showed significant positive 

gca effect while, significant gca effect in negative dnection was exhibited by 

Anagha (-5 50)

4.4.1.18 Yield P lan t1 (g)

Significant positive gca effect was observed for LE 13 (614 58) and LE 16 

(552 32) and significant negative gca effect was observed for LE 26 (-455 58), 

LE 3 (-445 89) and LE 12 (-309 83) among the lines

The testei Anagha (55 11) had significant positive gca effect while, 

Vellayam Vijai (-44 06) had significant negative gca effect for the trait

4 4.119 Yield P lo t1 (kg)

The gca effects were significant and positive for LE 13 (11 57) and LE 16 

(8 94) while, it was significant and negative for LE 26 (-7 87) followed by LE 3 

(-7 32) and LE 12 (-6 60) among the lines

Among the testers, Manulekshmi (2 87) had significant positive gca effect 

while, Vellayam Vijai (-2 47) had significant gca effect in negative direction

4.4.1.20 TSS (%)

Among the seven lines, four lines exhibited significant positive gca effect 

l e ,  LE 19 (0 33), LE 20 (0 23), LE 13 (0 14) and LE 16 (0 14) while, LE 12 

(-0 61) and LE 3 (-0 26) recoided significant gca effect in negative direction



Among the testers, Vellayam Vyai (0 27) followed by Anagha (0 20) 

showed significant positive gca effect while, negative significant gca effect was 

exhibited by Manulekshmi (-0 48)

4.4.1.21 Lycopene (m g/100 g)

Significant positive gca effect was observed for four lines with maximum 

foi LE 19 (1 00) followed by LE 16 (0 74), LE 26 (0 66) and LE 13 (0 50) while, 

significant negative gca effect was observed for LE 12 (-1 82) and LE 20 (-1 05) 

among the lines for lycopene content

Among the testers, Vellayam Vyai (1 43) recorded significant gca effect in 

positive direction while it was negatively significant for Manulekshmi (-1 41)

4 4 1  22 Ascorbic acid (m g/100g)

The lines LE 19, LE 20 and LE 26 exhibited significant positive gca effect 

with values of 4 03,2 07 and 1 64 respectively while, it was negatively significant 

for LE 12 (-4 96) and LE 3 (-3 78)

The tester, Anagha (0 89) had positive and significant gca effect while, 

Manulekshmi (-0 73) had significant negative gca effect for the trait

4.4.1.23 Incidence of bacterial wilt (%)

Among the lines, significant gca effect in negative direction was exhibited 

by LE 13 (-13 97) and LE 16 (-10 63) while, LE 3, LE 12 and LE 26 had 

significant positive gca effect for bacterial wilt incidence

Among the testeis, significant negative gca effect was exhibited by 

Manulekshmi (-10 16) while, Vellayam Vyai (8 17) recoided positive and 

significant gca effect for the trait
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4.4.2 Specific combining ability effects

The specific combining ability effects of hybrids for the characters studied 

are given m Table 29

4.4.2.1 Plant Height (cm)

Significant positive sea effect for plant height was shown by the hybrids 

LE 20 x Manulekshmi (9 12), LE 16 x Anagha (7 49), LE 13 x Manulekshmi 

(6 12), LE 13 x Vellayam Vijai (5 98) and LE 3 x Anagha (5 45) Significant 

negative sea effect was shown by LE 13 x Anagha (-12 10), LE 26 x 

Manulekshmi (-6 95) and LE 20 x Vellayam Vijai (-6 46)

4.4.2.2 H eight at Flowering (cm)

Significant negative sea effect for height at flowering was exhibited by 

LE 19 x Anagha (-3 23), LE 26 x Manulekshmi (-2 98) and LE 20 x Vellayam 

Vijai (-2 89) while, significant positive sea effect was recorded in LE 20 x 

Manulekshmi (2 98), LE 13 x Manulekshmi (2 96), LE 3 x Anagha (2 88) and 

LE 26 x Anagha (2 61)

4.4.2.3 Node to First JnJIoi escence

The sea effects were significant and negative for LE 3 x Vellayam Vijai 

(-0 69) and LE 16 x Manulekshmi (-0 62) whereas, it was positively significant 

for LE 16 x Vellayam Vijai (1 12) followed by LE 3 x Anagha (0 80), LE 26 x 

Vellayam Vijai (0 64) and LE 19 x Manulekshmi (0 60)

4.4.2.4 P um aiy Branches P la n f1

Among the 21 crosses, only two crosses showed significant sea effects in 

positive direction le  LE 20 x Manulekshmi (2 91) and LE 19 x Anagha (1 76) 

whereas, four ciosses recorded significant sea effects in negative direction i e
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Table 29 Specific combining ability effects o f  hybuds

Crosses Plant height 
(cm)

Height at 
flowering 

(cm)

Node to first 
inflorescence

Primary 
branches 

plant1

Leaf
length
(cm)

Leaf width 
(cm)

Days to first 
flowering

Days to fruit 
set

LE 3 x Anagha 5 45* 2  8 8 * 0  80** 0 35 2 6 1 * * 0 72 -2 14** -0 30
LE 3 x Manulekshmi -1 93 2  21 -0  11 -0 98* 2 24* 0 37 2 2 1 ** - 0  16
LE 3x V Vijai -3 52 0 67 - 0  69* 0  62 0 38 -0 35 -0 07 0 46*
LE I2x Anagha -0 79 0 32 - 0  16 0  80 1 07 -0 04 1 57** -0 19
LE 1 2 \  Manulekshmi -2 31 -1 47 - 0  18 -1 42** 0 64 0  0 2 0 14 0  62**
1 E 12x V Vijai 3 10 1 80 0 34 0 63 0 43 0  06 -1 70** -0 43*
LE I3x Anagha - 1 2  1 0 ** -1 87 0 2 1 - 0  16 2 87** 0 59 0 56 -0 04
LE 13x Manulekshmi 6  1 2 * 2 96* 0 30 0  06 2 75** 0 57 -0 09 - 0  01

LE 13x V Vijai 5 98* 1 09 -0 51 0  11 0  1 2 0  0 2 -0 48 0 05
LE 16x Anagha 7 49** 0 03 -0 50 -0 09 2 05* 0 90 -1 29** 0 37
LE 16x Manulekshmi -4 73 1 45 - 0  62* 0 13 2 90** 2 23** - 0  60 0  06
LE 16x V Vijai -2 76 1 43 1 1 2 ** -0 04 0 85 I 33* 1 89** -0 43*
LE 19x Anagha 0  12 3 23** -0 17 1 76** I 50 0  28 -1 95** 0  10

LE 19 \  Manulekshmi 0  6 8 2  18 0  60* 0 13 1 76 0 25 -0 27 0 19
LE 19x V Vijai - 0  80 1 05 -0 43 1 63** - 0  26 - 0  0 2 2  2 2 ** 0 09
LE 20x Anagha - 2  6 6 -0 09 0 24 2 65** -1  6 8 -1 29 1 42** 0 29
LE 20x Manulekshmi 9  1 2 ** 2 98* 0 23 2  9 ]* * 2  16* 2 23** -0 79 - 0  01

LE 20x V Vijai - 6  46* -2 89* -0 47 0  26 -0 49 -0 94 -0 63 - 0  28
LE 26x Anagha 2 49 2 6 1 * -0 42 0  01 0 3 1 0  0 2 1 83** -0 23
LE 26x Manulekshmi - 6  95* -2 98* - 0  2 2 0 57 -0 89 0 07 - 0  60 -0 31
LE 26x V Vijai 4  46 0 37 0 64* 0 59 0 58 - 0  08 -1  2 2 ** 0 53**
S E+_ 2  69 1 10 0  26 0 46 0 89 0  63 0 4 4 0 19
CD (0 05) 5 45 2 23 0 54 0 93 1 80 1 29 0 90 0 40

^Significant at 5 per cent level **Sigmficant at 1 per cent level



Table 29 Continued

Crosses Tlowers 
c lu ster1

Inflorescence 
plan t1

Fruit set % Pollen 
viability %

Fruits 
cluster1

Fruits p lan t1 Fruit length 
(cm)

Fruit girth 
(cm)

LE 3 x Anagha 0 15 0 13 9 10** 8 2 1 * * - 0  16 9 56** 0 33** 0 30
LE 3 x Manulekshmi 0 42 - 0  60 2 40 1 49 0 52** 4 59* 0 07 0 52
LE 3x V Vijai -0 57 0 47 6  71* 6  72** 0 37* 4 97* 0  26** 0  2 2

LE 12x Anagha 0 48 0 13 -4 60 6  60** 0 46** -5 23* 0 03 0  10

LE 1 2 \ Manulekshmi 0 0 1 2 38** 6  14* 7 50** 0 34* 2 54 0  1 2 0  16
LE 12x V Vijai 0 47 2 25** 1 55 0 90 0  1 2 2  6 8 0 15 0  06
LE 13x Anagha 0  2 2 0  0 2 0  0 2 0 34 0  06 6  33** 0 13 0 14
LE 13x Manulekshmi -0 40 0 48 -4 58 2 24 0 59** 6  08** 0 15 0 58*
LE 13x V Vijai 0 17 0 46 4 56 1 90 0 52** 0 25 0 29** -0 44
LE 16 \  Anagha 0  2 2 0 65 - 6  80* -3 77** 0 14 24 44** - 0  2 0 * 0 95**
LE I6 x  Manulekshmi -0 40 1 75** 7 67** 5 24** - 0  18 -22 75** 0 37** 0 90**
LE 16x V Vijai 0 17 1 1 0 * 0 87 1 48 0 04 1 69 0 17 0 05
LE 19x Anagha 0  0 0 0 87* 4 26 7 5 1 * * 0  16 4 40* 0 43** -0 03
LE 19x Manulekshmi 0  06 1 14** 0 77 -0 23 0 41** 7 33** 0 29** 0  62*
LE 19x V  Vijai 0  06 2  0 2 ** -5 03 - 7  28** -0 25 -11 73** 0 14 0  60*
LE 20x Anagha 0 30 2  1 2 ** 0 42 1 72 -0 34* -17 7 1 * * 0 25* 0 29
LE 20x Manulekshmi -0 03 3 03** I 2 1 1 2 0 0 44** 1 2  6 6 ** 0  0 2 0 52
LE 20x V Vijai 0 33 0 91* 0 79 2 92* 0 78** 5 05* 0 27** 0 24
LE 26x Anagha 0 19 0 36 -2 41 -3 97** 0 92** -2 67 0 65** 0 43
LE 26x  Manulekshmi 0 45 0 07 - 6  40* -7 59** -0 07 1 70 -0 53** -0 90**
LE 26x V  Vijai -0 64 0 42 8  81** 11 56** 0 85** 0 97 0  12 0 47
S E+_ 0 33 0 40 2 6 1 1 24 0 14 2  1 2 0 09 0  26
CD (0 05) 0  6 8 0 83 5 29 2 52 0  28 4  30 0 19 0  53

’'Significant at 5 per cent level ^^Significant at 1 per cent level



Table 29 Continued

Crosses Fruit weight 
(g)

Yield p lan t1 

(g)
Yield p lo t1 

(kg)
TSS (%) Lycopene

(mg/lOOg)
Ascorbic acid 

(mg/lOOg)
Bacteual wilt 
incidence (%)

LE 3 x Anagha 3 17* 90 42 1 15 0 23* - 0  28 2 17* 2 46
LE 3 x Manulekshmi - 2  09 -70 8 8 2 33 0  2 0 * 1 1 1 ** 0  60 1 27
L E 3 x V  Vijai -1  08 19 54 1 18 -0 43** -0 83** 2 77** 3 73
LE I2x Anagha 3 76** -23 08 2 64* 0 39** 0 87** 2 78** -11 43**
LE I2x Manulekshmi -4 82** -60 35 3 65** 0  49** 1 13** 0 92 1071*
LE 12x V Vijai 1 06 83 43 1 01 -0 09 - 0  26 1 8 6 * 0 71
LE 13x Anagha 3 65* 47 81 -I 25 0 29** _| 4 4 ** 1 41 6  35
LE 13x Manulekshmi 3 99** -109 6 8 0 95 0 30** 0 14 2  8 8 ** 4  84
LE 13x V Viiai -0 35 61 87 0 30 0  60** 1 58** I 47 1 51
LE 16 \ Anagha 3 64* 307 85** 0  08 0  6 8 ** 2 98** 0 85 1! 35**
LE 16x Manulekshmi 3 60* -256 76** 2 50* 0 44** 1 92** 4 32** -1 51
L E 1 6 x V  Vijai 0 04 -51 09 2 43* -0 25** -1  05** 3 47** 9 84*
LE 19x Anagha 6  0 2 ** 5 78 2 64* 0  2 0 * -0 59** 4  4 5 ** 12 54**
LE 19x Manulekshmi 9 58** 398 84** 5 89** 0 35** 0 35 0 77 -5 40
LE 19x V Vijai -3 56* -393 06** 8  53** 0 15 0 24 3 6 8 ** 17 94**
LE 20x Anagha 1 90 371 04** 6  73** - 0  12 0  2 0 -1 78* 11 90**
LE 20x Manulekshmi 4 4 9 ** 232 69** 6  58** -0 33** 0 6 1 * * 3 05** -14 29**
LE 20x V Vijai 2  60 138 35* 0 15 0 46** 0  81** 1 26 2 38
LE 26x Anagha 4 4 9 ** 46 18 1 47 0 09 0  0 0 0  0 2 - 8  1 0 *
LE 26x Manulekshmi 5 77** 133 8 6 * -4 94** 0 04 -1 14** 4 61** 14 05**
LE 26x V Vijai 1 28 180 03** 3 48** -0 13 I 14** 4 62** -5 95
S E + 1 34 54 39 1 17 0  08 0  18 0 84 3 99
CD (0 05) 2 73 109 94 2 38 0  18 0 37 1 70 8  07

* Significant at 5 per cent level **Significant at 1 per cent level



LE 20 x Anagha (-2 65), LE 19 x Vellayam Vijai (-1 63), LF 12 x Manulekshmi 

(-1 42) and LE 3 x Manulekshmi (-0 98)

4.4.2.5 L ea f Length (cm)

The crosses LE 13 x Manulekshmi (2 75), LE 3 \  Anagha (2 61), LE 20 x 

Manulekshmi (2 16) and LE 16 x Anagha (2 05) exhibited positi\e and significant 

sea effects whereas LE 16 x Manulekshmi (-2 90), LE 13 x Anagha (-2 87) and 

LE 3 x Manulekshmi (-2 24) exhibited significant negative sea effects for leaf 

length

4.4.2.6 L ea f Width (cm)

Significant positive sea effects were exhibited by only two crosses i e 

LE 20 x Manulekshmi (2 23) and LE 16 x Vellayam Vijai (1 33) while, the cross 

LE 16 x Manulekshmi (-2 23) exhibited significant negative sea effect for the 

trait

4.4.2.7Days to F ust Flowering

The crosses LE 3 x Anagha (-2 14), LE 19 x Anagha (-1 95), LE 12 x 

Vellayam Vijai (-1 70), LE 16 x Anagha (-1 29) and LE 26 x Vellayam Vijai 

(-1 22) were good specific combiners for early flowering by exhibiting significant 

negative sea effects in the desirable direction

4.4.2.8 Days to Fi nit set

Among the 21 hybrids, only two hybrids LE 12 x Vellayam Vijai (-0 43) 

and LE 16 x Vellayam Vijai (-0 43) lecorded significant negative sea effects in 

desirable dnection for days to fruit set



4.4.2.9 Flowers Clustei 1

None of the hybrids exhibited significant sea effect The sea effect varied 

from -0 64 (LE 26 x Vellayam Vijai) to 0 47 (LE 12 x Vellayam Vijai)

4.4.2.10 Inflorescence P lanf1

Five hybrids viz, LE 20 x Manulekshmi (3 03), LE 12 x Vellayam Vijai 

(2 25), LE 19 x Manulekshmi (1 14), LE 16 x Vellayam Vijai (1 10) and LE 19 x 

Anagha (0 87) exhibited significant positive sea effect while, LE 12 x 

Manulekshmi (-2 38), LE 20 x Anagha (-2 12), LE 19 x Vellayam Vijai (-2 02), 

LE 16 x Manulekshmi (-1 75) and LE 20 x Vellayam Vijai (-0 91) exhibited 

significant sea effect m negative direction

4.4.2.11 Fruit set %

The sea effect was positive and significant for four hybrids i e LE 3 x 

Anagha (9 10), LE 26 x Vellayam Vijai (8 81), LE 16 x Manulekshmi (7 67) and 

LE 12 x Manulekshmi (6 14) while, it was negatn ely significant for the crosses 

LE 16 x Anagha (-6 80), LE 3 x Vellayam Vijai (-6.71) and LE 26 x 

Manulekshmi (-6 40) for fruit set %

4.4.2.12 Pollen Viability %

Significant positive sea effect was exhibited by the crosses, LE 26 x 

Vellayam Vijai (11 56), LE 3 x Anagha (8 21), LE 19 x Anagha (7 51), LE 12 x 

Manulekshmi (7 50), LE 16 x Manulekshmi (5 24) and LE 20 x Vellayam Vijai 

(2 92) while, significant negative sea effect was exhibited by the crosses, LE 26 x 

Manulekshmi (-7 59), LE 19 x Vellayam Vijai (-7 28), LE 3 x Vellayam Vijai 

(-6 72), LE 12 x Anagha (-6 60), LE 26 x Anagha (-3 97), LE 16 x Anagha (-3 77) 

for pollen viability %
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4 4.2.13 Fruits Clustei

Among the 21 crosses, twelve crosses exhibited significant sea effect of 

which six crosses weie positively significant viz LE 26 x Anagha (0 92) followed 

by LE 20 x Vellayam Vijai (0 78), LE 3 x Manulekshmi (0 52), LE 13 x Vellayam 

Vijai (0 52), LE 19 x Manulekshmi (0 41) and LE 12 x Manulekshmi (0 34) 

while, six crosses were negatively significant viz LE 26 x Vellayam Vijai 

(-0 85), LE 13 x Manulekshmi (-0 59), LE 12 x Anagha (-0 46), LE 20 x 

Manulekshmi (-0 44), LE 3 x Vellayam Vijai (-0 37) and LE 20 x Anagha (-0 34) 

for fruits cluster 1

4.4.2.14 Fruits P la n f1

The crosses LE 16 x Anagha (24 44), LE 20 x Manulekshmi (12 66), 

LE 19 x Manulekshmi (7 33), LE 13 x Anagha (6 33), LE 20 x Vellayam Vijai 

(5 05), LE 3 x Vellayam Vijai (4 97), LE 3 x Manulekshmi (4 59) and LE 19 x 

Anagha (4 40) were the good specific combiners for fruits p lan t1 by exhibiting 

significant positive sea effect Six crosses revealed significant negative sea effect 

viz LE 16 x Manulekshmi (-22 75), LE 20 x Anagha (-17 71), LE 19 x Vellayam 

Vijai (-11 73), LE 3 x Anagha (-9 56), LE 13 x Manulekshmi (-6 08) and LE 12 x 

Anagha (-5 23) for the trait

4.4.2.15 Fruit Length (cm)

The sea effect was significant and positive for LE 26 x Anagha (0 65), 

LE 16 x Manulekshmi (0 37), LE 3 x Anagha (0 33), LE 13 x Vellayam Vijai 

(0 29), LE 19 x Manulekshmi (0 29) and LE 20 x Vellayam Vijai (0 27) indicating 

that they weie good combiners for fruit length Five hybrids recorded significant 

sea effect in negative direction for the trait
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4.4 2.16 Fruit Girth (cm)

The results revealed significant positive sea effect for three crosses and 

significant negative sea effect for three crosses The highest sea effect was 

observed in the cross LE 16 x Manulekshmi (0 90) followed by LE 19 x 

Manulekshmi (0 62) and LE 13 x Manulekshmi (0 58)

4.4.2.17 Fruit Weight (g)

The highest significant sea effect in positive direction was exhibited by 

LE 19 x Manulekshmi (9 58) followed by LE 26 x Anagha (4 49), LE 13 x 

Manulekshmi (3 99), LE 12 x Anagha (3 76), LE 16 x Manulekshmi (3 60) and 

LE 3 x Anagha (3 17) indicating that these crosses were the best combiners for 

fruit weight while, seven crosses had negative significant sea effect for the trait

4.4.2.18 Yield P lan t1 (g)

Among the 21 hybrids, five hybrids had significant positive sea effect and 

four hybnds recorded significant negative sea effect The cross LE 19 x 

Manulekshmi (398 84) followed by LE 16 x Anagha (307 85), LE 20 x 

Manulekshmi (232 69), LE 26 x Vellayam Vijai (180 03) and LE 20 x Vellayam 

Vijai (138 35) were the good specific combiners for yield p lan t1

4.4.2.19 Yield P lo t1 (kg)

Six hybnds recorded significant positive sea effect with highest value 

exhibited by LE 20 x Manulekshmi (6 58) followed by LE 19 x Manulekshmi 

(5 89), LE 26 x Vellayam Vijai (3 48), LE 12 x Anagha (2 64), LE 19 x Anagha 

(2 64) and LE 16 x Vellayam Vijai (2 43) while, five hybnds had significant sea 

effect m negative direction



4.4.2.20 TSS (%)

Significant sea effect foi TSS was shown by seven hybrids m positive 

direction and eight hybrids in negative direction The sea effect for TSS ranged 

from -0 44 (LE 16 x Manulekshmi) to 0 68 (LE 16 x Anagha)

4.4 2.21 Lycopene (m g/100 g)

Six hybrids exhibited significant positive sea effect for lycopene with 

maximum value o f 2 98 (LE 16 x Anagha) followed by 1 58 (LE 13 x Vellayam 

Vyai), 1 14 (LE 26 x Vellayam Vyai), 1 13 (LE 12 x Manulekshmi), 1 11 (LE 3 x 

Manulekshmi) and 0 61 (LE 20 x Manulekshmi) while, eight hybrids recorded 

significant negative sea effect for the trait

4.4.2.22 Ascorbic acul (m g /100 g)

Six crosses had significant and positive sea effect with maximum of 4 61 

(LE 26 x Manulekshmi) followed by 4 45 (LE 19 x Anagha), 3 47 (LE 16 x 

Vellayam Vyai), 3 05 (LE 20 x Manulekshmi), 2 77 (LE 3 x Vellayam Vyai), 

1 86 (LE 12 x Vellayam Vyai) while, seven hybrids recorded significant sea 

effect in negative direction for the trait

4.4.2.23 Incidence of bacterial w ilt

Among the 21 crosses, five crosses lecorded significant negative sea effect 

in desirable direction for the incidence of bactenal wilt viz, LE 20 x 

Manulekshmi (-14 29), LE 19 x Anagha (-12 54), LE 12 x Anagha (-11 43), LE 

16 x Vellayam Vyai (-9 84) and LE 26 x Anagha (-8 10) and five crosses recorded 

significant positive sea effect

4 5 COMPONENTS OF GENETIC VARIANCE

Components o f genetic variance are given in the Table 30 The ratio of 

additive vanance to dominance variance was less than unity for the traits like
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Table 30 Components o f genetic variance (F=l)

Character <?~A
_2 CT D c rV Gene action

Plant height (cm) 70 54 40 63 1 73 Additive
Height at flowering (cm) 15 22 5 95 2 55 Additive
Node to first inflorescence 0 09 0 35 0 26 Non additive
Primary branches p lan t1 1 85 2 00 0 92 Non additive
Leaf length (cm) 1 89 3 97 0 47 Non additive
Leaf width (cm) 1 25 0 98 1 27 Additive
Days to first flowering 5 26 2 96 1 77 Additive
Days to fruit set 021 0 11 1 80 Additive
Flowers c luster1 0 76 0 07 9 90 Additive
Inflorescence p lan t1 3 93 2 94 1 33 Additive
Fruit set % 16 63 35 89 0 46 Non additive
Pollen viability % 14 02 48 23 0 29 Non additive
Fruits cluster 1 0 43 0 32 1 33 Additive
Fruits p lan t1 252 85 192 44 1 31 Additive
Fruit length (cm) 0 29 0 13 2 27 Additive
Fruit girth (cm) 0 80 0 35 2 25 Additive
Fruit weight (g) 49 56 26 16 1.89 Additive
Yield p lan t1 (g) 146346 26 62500 39 2 34 Additive
Yield p lo t1 (kg) 47 48 21 76 2 18 Additive
TSS (%) 0 22 0 19 1 10 Additive
Lycopene (mg/ 100 g) 2 60 2 17 1 19 Additive
Ascoibic acid (mg/ 100 g) 1 93 12 56 0 15 Non additive
Bacterial wilt incidence 
(%)

122 38 127 33 0 96 Non additive

) ) 8



node to first inflorescence, pnmary branches p lan t’, leaf length, fruit set %, 

pollen viability %, ascorbic acid and bacterial wilt incidence (%), hence exhibited 

non additive gene action The ratio of gca/ sea was more than unity for the traits 

like plant height, height at flouenng, leaf width, days to first flowering, days to 

fruit set, flowers cluster ’, inflorescence p lan t!, fruits cluster fruits p la n tl, fruit 

length, fruit girth, fruit weight, yield plant *, yield p lo t ', TSS and lycopene which 

indicated the influence of additive gene action

4 6 PROPORTIONAL CONTRIBUTION

The piopoitional contribution o f lines, testers and crosses to total variance 

of the characters under study are given in Table 31 and Fig 7

The value ranged from 25 79 for fruits cluster 1 to 86 66 for yield p lan t1 

among the lines Among the testers, the value ranged from 0 17 for yield p lan t1 to 

53 63 for flowers cluster 1 In the case of crosses, the value ranged from 13 15 for 

yield p lan t1 to 45 99 for fruit set %

The crosses had no significant contribution to any o f the traits whereas the 

lines had contnbuted more than 50% for plant height, height at flowering, node to 

first inflorescence, pnmary branches p lan t', days to fruit set, inflorescence plant'1, 

fruits plant \  fruit weight, yield p la n ty ie ld  p lo t1 and ascorbic acid content

4 7 INCIDENCE OF PESTS AND DISEASES OTHER THAN BACTERIAL 

WILT

The ciop was monitored for the incidence o f pests and diseases There was 

no incidence o f other diseases like fusarium wilt and spotted wilt virus but mild 

incidence o f fruit borer (Spodoptera h tm a ) was noticed (Table 32) Among the 

lines, LE 20 had maximum incidence o f fruit borer o f 8 55% followed by LE 26 

(8 23%) while, there was no incidence in LE 12 Among the testers, only 

Manulekshmi had mild incidence of 1 57% Among the crosses, the incidence 

ranged from zero to 5 70% (LE 3 x Manulekshmi) The incidence of 4 90% was 

noticed in check Indam 9802 whereas, Lekshmi had no incidence of fruit borer

l\° l



Table 31 Proportional contribution o f lines, testers and L x T to total variance

SI
No

Characters Lines (%) Testers (%) Line x Tester (%)

1 Plant height (cm) 62 83 1447 22 69
2 Height at flowering (cm) 65 91 16 00 18 07
3 Node to first inflorescence 54 71 3 47 41 81
4 Primary branches p lan t1 50 83 16 62 32 53
5 Leaf length (cm) 44 15 13 44 42 39
6 Leaf width (cm) 41 72 23 64 34 62
7 Days to first flowering 40 05 32 98 26 95
8 Days to fruit set 72 41 6 61 20 96
9 Flowers cluster 1 29 14 53 63 17 22
10 Inflorescence p lan t1 72 79 5 63 21 56
11 Fruit set % 35 65 1836 45 99
12 Pollen viability % 46 44 9 53 44 02
13 Fruits c luster1 25 79 39 43 34 77
14 Fruits p lan t1 74 63 4 46 20 90
15 Fruit length (cm) 39 69 36 64 23 65
16 Fruit girth (cm) 46 45 29 81 23 73
17 Fruit weight (g) 51 35 25 23 23 41
18 Yield p lan t1 (g) 86 66 0 17 13 15
19 Yield p lo t1 (kg) 78 22 6 05 15 71
20 TSS (%) 28 29 35 19 36 50
21 Lycopene (mg/ 100 g) 26 74 37 74 35 50
22 Ascorbic acid (m g /100 g) 52 78 2 66 44 54
23 Bacterial wilt incidence 

(%)
37 17 26 04 36 77

I AO



P l a n t  h e i g h t H e i g h t  at f l o w e i i n g N o d e  to first in f l o r e s c e n c e

P r i m  u \  hi  i n c h e s  pi  ini I c it  l e n g t h  ( c m ) 1 e it u i d t h  ( c m )

Pig 7 Proportional contribution (% )  ot lines, tcstcis and lint v tcstci to the total variance



D  \ \  s l o  i 11 s t  f l o w  e n n g

Ih Ho k s l u k l  p i  li lt

I ij* 7 C onhnutd

Lme% 
72 41

%

Line * 
Tester

Line% 
29 14

F l o w  u s  U u s t u

L ne *

Pol lui  \ I ibl 111\



Tester

3 9  4 3

Line *
Tester

F r u i t s  c l u s t e r frui ts  pi tnt

I iui! a i t h  ( a n ) 1 nut  u l nj i t  ( sin)

f i g  7 C o n t i n u e d

Flint l a i gth ( a n )

\ isld plant (_)



Y i e l d  p l o t  ( k g ) T S S  ( ) L y e o p e n e  (n i g  10 0  t )

P ig  7 C o n tin u e d



Table 32 Incidence (%) o f fruit borer {Spodoptera htuia)

SI
No

Parents and crosses Incidence
(%)

Score value

1 LE 3 6 1 1
O LE 12 0 00 0
3 LE 13 5 47 1
4 LE 16 3 40 1
5 LE 19 6 39 1
6 LE 20 8 55 1
7 LE 26 8 23 1
8 Anagha 0 00 0
9 Manulekshmi 1 57 1
10 Vellayam Vijai 0 00 0
11 LE 3 x Anagha 0 00 0
12 LE 3x Manulekshmi 5 70 1
13 LE 3x V Vijai 4 95 1
14 LE 12x Anagha 0 00 0
15 LE 12x Malulekshmi 0 00 0
16 LE 12x V Vijai 0 00 0
17 LE 13x Anagha 0 00 0
18 LE 13x Manulekshmi 0 00 0
19 LE 13x V Vnai 0 00 0
20 LE 16x Anagha 4 39 1
21 LE 16x Manulekshmi 3 79 1
22 LE 16x V Vijai 4 9 1
23 LE 19x Anagha 3 49 1
24 LE I9x Manulekshmi 0 00 0
25 LE I9x V Vijai 0 00 0
26 LE 20x Anagha 5 02 1
27 LE 20x Manulekshmi 0 00 0
28 LE 20x V Vi.iai 0 00 0
29 LE 26x Anagha 0 00 0
30 LE 26x Manulekshmi 0 00 0
31 LE 2 6 \ V Vijai 4 20 1
32 Indam 9802 (check) 4 90 1
33 Lekshmi (check) 0 00 0

Mean 2 45 1
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5. DISCUSSION

Pioper choice o f parents based on their combining ability is a prerequisite 

in any sound breeding piogramme, which also provides information regarding the 

natuie and magnitude of gene action involved in the expression o f desirable traits 

Line x Tester analysis is one of the method for evaluating the performance o f 

varieties or strains m terms of their combining ability The present study was 

earned out in a line x tester model using seven high yielding genotypes as lines 

and three bacterial wilt resistant varieties as testers The combining ability effects, 

gene action and heterosis for yield and resistance were studied and superior 

crosses were identified A brief discussion regarding the results obtained is 

furnished below

5 1 MEAN PERFORMANCE

Among the lines, LE 16 was found superior based on mean performance 

foi plant height, primal y branches p lan t', leaf width, days to fruit set, 

inflorescence p lan t1, fruits p lan t1, fruit girth, jield  p lan t1, yield p lo t1 and 

ascorbic acid content The line LE 12 showed high per se performance for leaf 

length, leaf width, early flowering, flowers cluster *, fruits clustei'1 and TSS The 

line LE 13 exhibited less height at flowering, maximum leaf width, inflorescence 

plant ’, fruit set %, pollen viability %, fruits cluster ’, fruits p lan t', fruit girth, fruit 

weight, yield p lan t1 and TSS The line LE 19 recorded maximum inflorescence 

plant *, fruit set %, fruit length, fruit girth, fruit weight, l)copene and ascorbic 

acid The line LE 20 was found supenoi foi leaf width, fruits cluster fruit 

length, fruit weight and TSS while, LE 26 recorded less number of nodes to first 

inflorescence, highest flowers c luster', fruit length, fruit weight, lycopene and 

ascorbic acid

Among the testeis, Anagha exhibited the highest mean value foi fruits 

plant *, yield p lan t1 and yield p lo t1 The tester, Manulekshmi recorded less height 

at flowering, primary branches plant *, fruit weight and ascorbic acid The tester, 

Vellayam Vijai was found supenor foi most of characters like, node to first
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inflorescence, leaf length, leaf width, days to fust flowering, days to fruit set, 

flowers cluster ', pollen viability %, fruits cluster fruit length, fruit weight, yield 

p lan t\  yield plot TSS, lycopene and ascorbic acid content

Among the crosses, LE 16 x Anagha apart from giving high yield of 

2191 44 g p lan t1 exhibited desirable characters like days to first flowering, 

flowers cluster inflorescence p lan t1 fruit set %, fruits plant'1, TSS % and 

lycopene content Similai result for yield o f tomato plant (2480 g) was reported by 

Bhatt et aI (2004) Kuman and Sharma (2011) leported per plant yield of 2100 00 

g Similar results for fruits p lan t1 were reported by Bhatt et al (2004) and Farzane 

et al (2012) Shankai et al (2014) reported similar findings for both TSS % and 

lycopene

The highest mean value for plant height, leaf length, leaf width, fruit girth 

and yield p lo t1 was le corded for the cross LE 13 x Manulekshmi Shankar et al 

(2014) reported similai lesult for plant height of tomato giown under open 

condition

A perusal of the data revealed that the cross, LE 20 x Vellayam Vijai is 

superb to earliness to fruit set, flowers cluster fruit set %, fruits cluster"1 and 

TSS % Highest plant height, primary branches p l a n t l e a f  length, leaf width and 

early days to fruit set was obsen ed in LE 20 x Manulekshmi The results are in 

agreement with Gul et al (2010) and Shankar et al (2014)

Lower height at flowering is a desirable character for earliness m tomato 

which was observed in the cross LE 19 x Anagha which also recorded lower node 

to fust inflorescence, high fruit set %, pollen viability % and ascorbic acid 

content The cross LE 26 x Anagha exhibited the highest flowers cluster'1 and 

fruits cluster 1 Similar finding for fiuits clustei 1 was also reported by Gul et al 

(2010) and Kumau and Sharma (2011) The findings of Bhatt et al (2004), 

Kumari and Sharma (2011) and Pandiarana et al (2015) confirms to the ascorbic 

acid content
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The ciosses, LE 3 \  Vellayam Vijai, LE 19 x Vellayam Vijai, LE 13 x 

Vellayam Vijai, LE 12 \  Anagha, LE 13 x Anagha and LE 3 x Manulekshmi had 

less number of nodes to first infloiescence The cross LE 16 x Manulekshmi 

recorded maximum number o f primaly branches p lan t1 Highest leaf length was 

recorded by LE 12 x Manulekshmi, LE 12 x Vellayam Vijai, LE 12 x Anagha and 

LE 19 x Manulekshmi which were on par There was no significant difference 

among the crosses LE 12 x Manulekshmi, LE 16 x Vellayam Vijai, LE 12 x 

Vellayam Vijai and LE 13 x Vellayam Vijai for leaf width Early days to fruit set 

was also observed in the crosses LE 16 x Vellayam Vijai and LE 20 x Anagha 

The crosses LE 12 x Vellayam Vijai, LE 20 x Anagha, LE 16 x Vellayam Vijai 

and LE 13 x Anagha also produced maximum number o f flowers cluster'1 The 

crosses LE 16 x Manulekshmi, LE 3 x Anagha, LE 26 x Vellayam Vijai, LE 16 x 

Vellayam Vijai, LE 20 x Anagha, LE 13 x Vellayam Vijai and LE 16 x Anagha 

recorded high fruit set % Highest pollen viability % was also exhibited by the 

cross LE 16 x Manulekshmi Highest number of fruits cluster'1 and fruit length 

was exhibited by the cross LE 13 x Vellayam Vijai which was on par with LE 26 

x Vellayam Vijai for fruit length Maximum fruit girth and fruit weight was 

recorded by the cross LE 19 x Manulekshmi (15 00 cm and 62 85 g respectively) 

which was on par with LE 16 x Manulekshmi (14 94 cm) for fruit girth Similar 

results were obtained m the findings of Bhatt et al (2004), Gul et al (2010) and 

Baban et aI (2015) foi fruit weight with mean values o f 62 33 g, 59 g and 53 99 g 

respectively The cross LE 26 x Vellayam Vijai also recorded highest lycopene 

content (12 57 mg/ 100 g)

5 2 HETEROSIS

Heterosis breeding makes use of the hybrid vigour in the crosses for 

attaining noticeable inciease in production and productivity o f crop plants 

Existence of significant amount o f dominance variance is essential for 

undertaking heteiosis breeding programme Even, the expression of small 

magnitude of heterosis for certain characters may be much rewarding in breeding



In the present study, relative heterosis, heterobeltiosis and standard 

heterosis over checks Indam 9802 and Lekshmi were estimated foi the 21 crosses 

with respect to the diffeient characters

Positive heterosis indicates the supenorily o f the hybrids for characteis 

such as plant height, pnmary branches p lan t', leaf length, leaf width, flowers 

cluster infloiescence p l a n t f i u i t  set %, pollen viability %, fiuits clustei fruits 

p l a n t f r u i t  length, fiuit girth, fruit weight, yield plant yield plot *, TSS, 

lycopene and ascorbic acid content

Plant height is an important growth paiameter from productivity point o f 

view and was measured at final harvest stage The cross LE 13 x Manulekshmi 

exhibited significant positive relative heterosis, heteiobeltiosis and standard 

heterosis over both the checks for plant height Positive and significant heterosis 

for plant height was also reported by Mahendiakar (2004), Prcmalakshme el al

(2005), Akram et al (2013), Sunil et al (2013) and Mali and Patel (2014)

Negative heterosis is desirable for characters like height at flowering, node 

to first inflorescence, days to first flowering and days to fruit set which indicates 

eaihness The hybnd LE 19 x Anagha recorded significant negative heterosis over 

better parent and standard checks for height at flowering while, the hybrid LE 3 x 

Vellayam Vijai exhibited significant heterosis over both the checks in desirable 

negative direction for node to first inflorescence Significant lelative heterosis, 

heterobeltiosis and standard heteiosis over both the checks in the desirable 

negative direction was recorded by LE 16 x Anagha for days to first flowering 

Significant negative heterosis for days to first flowering was reported by Smgh et 

al (2008), Alunad et al (2011), Kumari and Sharma (2011), Islam et al (2012), 

Droka et al (2013), Basavaraj (2014) and Chauhan et al (2014) The hybrid LE 

20 x Manulekshmi recorded significant negative heterosis over mid parent while, 

the cross LE 20 x Vellayam Vijai exhibited significant negative heterosis over 

better paient and standaid check Indam 9802 for days to fruit set Significant 

heterosis m desirable direction for days to fruit set was leported by Mulge el al 

(2012)
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Heteiosis m positive direction for primary branches p lan t', leaf length 

and leaf width is desirable In the present study, high heterotic effects for primary 

branches p lan t' over mid parenr, better parent and standard checks was observed 

in the ci oss LE 20 x Manulekshmi This result is in line with the findings o f 

Virupannavar (2009), Singh and Mishra (2010) and Narasimhamurthy and Gowda

(2013) The magnitude o f heterosis over mid and better parent for leaf length was 

high in LE 3 x Anagha while, the cross LE 13 x Manulekshmi exhibited high 

standard heterosis over both the checks for the same ti ait The cross LE 20 x 

Manulekshmi showed higher magnitude of relative heterosis, heterobeltiosis and 

standard heterosis for leaf width

Number of flowers cluster 1 and inflorescence p lan t1 also contributes to 

total yield p la n th e n c e  positive heterosis for the trait is preferred High relative 

heterosis for floweis cluster 1 was exhibited by the cross LE 20 x Anagha while 

heterobeltiosis by LE 16 x Anagha and LE 20 x Anagha The hybrid LE 20 x 

Vellayam Vijai showed higher magnitude of standard heterosis over both the 

checks for the same trait In earlier studies of Sajjan (2002), Patil (2003) and Gul 

et al (2010) similar lesults have been mapped Significant heterosis for 

inflorescence p lan t1 m positive direction over both mid and better parent was 

exhibited by LE 20 x Manulekshmi Aswathappa (1981) and Dhaliwal el al 

(2000) reported good level of heterosis for inflorescence p lan t1

Maximum heterobeltiosis and standard heterosis over both the checks for 

fruit set % was lecorded in the cioss LE 16 x Manulekshmi, which is in agreement 

with the earlier findings of Babu (1978), Gowda (1981), Konstantinova and Molle 

(1984) and Singh et al (2012) for per cent fruit set The cross LE 16 x 

Manulekshmi revealed high heterosis over mid and better parent while the cross 

LE 19 x Anagha registered the desirable standard heterosis over both the checks 

for pollen viability % The results are in confoimity with the findings o f  Popova 

(1977) that higher biological quality of pollen of heterotic plants is the reason for 

higher fruit set which substantiate the higher adaptability o f hybrids to 

unfavouiable conditions
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Positive and significant relative heterosis and heterobeltiosis for fruits 

cluster1 was observed in LE 26 x Anagha and the same cross followed by LE 20 x 

Vellayam Vijai and LE 13 x Vellayam Vijai lecorded significant standard 

heterosis over both the checks in desirable positive direction for fruits c luster1 

High level of heterosis for fiuits clustei 1 was also reported by Sajjan (2001), 

Kulkarm (2003), Duhan et al (2005 a), Virupannavar (2009) and Singh (2010)

Number of fruits p lan t1 is directly linked with the ultimate yield p lan t1 

This is the most important character which directly contributes to total plant yield 

The cross LE 16 x Anagha exhibited significant desirable heterosis over mid 

parent, better parent and standard checks for fruits p lan t1 Significant and 

desirable heterosis for fruits p lan t1 was in conformity with the reports of Souza et 

al (2012), Droka et al (2013), Garg et al (2013), Solieman et al (2013), 

Basavaiaj (2014) and Hasan et al (2014)

Fruit length, fruit girth and fruit weight are the important yield attributing 

characters v  here positive and significant heteiosis is desirable In the piesent 

study, the hybrid LE 26 x Anagha had significant positive relative heterosis and 

heterobeltiosis for fruit length whereas, the hybrid LE 13 x Vellayam Vijai alone 

registered significant and positive standard heterosis over check Lekshnu for fruit 

length Gul et al (2010), Chattopadhyay and Paul (2012), Islam et al (2012), 

Yadav et al (2013) and Shankar et al (2014) reported positive and significant 

heteiosis for fruit length The hybrid LE 19 x Manulekshmi recorded maximum 

heterosis over mid parent and better parent for fruit girth and fruit weight None of 

the hybrids showed significant and positive standard heterosis ovei both the 

checks for fruit girth and fruit weight Similarly, high magnitude o f heterosis for 

fruit weight was also reported b) several workers, Asati et al (2007), Kumar et al 

(2009), Gul et al (2010), Ahmad et al (2011), Kuman and Sharma (2011), Islam 

e ta l (2012), Souza et a! (2012), Shalaby (2013), Solieman et al (2013), Marbhal 

e ta l  (2016)

Fruit yield p lan t1 is the ultimate and most important tiait However yield 

o f a crop cannot be taken as a single entity, since it is associated with many yield
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attributing characters In tomato, the main yield contributing characters are fruits 

p lan t1 (Nandpuri, 1997), primary branches p la n tl, plant height and fruit weight 

(Chadha and Kumar, 2001) Similar reports were made by Padma et al (2002), 

Pandey et al (2006) and Natarajan (2008)

High magnitude o± relative heterosis was shown by LE 19 x Manulekshmi, 

heterobeltiosis by LE 13 x Anagha and standard heterosis over both the checks by 

the cross LE 16 x Anagha for yield p lan t1 This was m conformity with the 

reports of Asati et al (2007), Singh et al (2008), Kumai et al (2009), Dhaliwal 

and Cheema (2011), Islam et al (2012), Garg et al (2013), Yadav et al (2013), 

Agarwal et al (2014) and Shankar et al (2014) The hybrid LE 13 x 

Manulekshmi recorded the significant positive heterosis over mid parent, better 

parent and both the checks for yield p lo t1 The lesults for yield p lo t1 weie on par 

with the findings o f Asati et al (2007), Hannan et al (2007), Roy (2007), 

Rahmam et al (2010) and Ahmad et al (2011)

Tomato ranks first among the processed vegetables in the world High 

total soluble solids (TSS), lycopene and ascorbic acid aie the major factors 

considered for the preparation of processed products One per cent increase in 

TSS content o f fruits results in 20 per cent increase in recover)' o f  processed 

product (Berry and Uddin, 1991)

Highei magnitude ot relative heterosis, heterobeltiosis and standard 

heterosis ovei both the checks foi TSS was recorded in the cross LE 16 x Anagha 

Positive and significant heterosis for TSS was also reported by Ashwini (2005), 

Shende et al (2012) and Brajendra et al (2013) The same cross le , LE 16 x 

Anagha recorded maximum heterosis over mid and bettei parent for lycopene 

content and similar result for the trait was reported by Narasimhamurthy and 

Gowda (2013) The hybrid LE 19 x Anagha exhibited high heterotic effects over 

mid, better and standard checks for ascorbic acid content Similar reports have 

been presented by Duhan et al (2005 b)
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5 3 COMBINING ABILITY ANALYSIS

Estimation o f combining ability effects is done to assess the relative ability 

o f a genotype to transmit its desirable performance to its crosses Combining 

ability analysis provides information about the components o f genetic variance 

involved m the expiession of various polygenic characters and thus help in the 

selection of desirable parents for hybridisation and also in deciding the breeding 

procedure foi the genetic improvement of such characters

5.3.1 General combining ability effects of parents

General combining ability is the average performance o f a strain in a series 

of hybrid combination, which reflects the additive gene effects o f parents

In tomato, the characters w z, plant height, primary blanches plant leaf 

length, leat width, flowers clustei inflorescence plant fruit set, pollen Viabihtj, 

fruits cluster ', fruits plant fruit length, fruit girth, fruit weight, yield plant 

yield p l o t T S S ,  lycopene and ascorbic acid content are important demanding 

attention in crop improvement efforts A paient which transmits genes for the 

improvement of these characteis is regarded as a desirable combiner Thus, 

parental strains with significant and positive gca effects are desirable combiners 

For traits like days to fust flowenng and days to fruit set, a paient which transmits 

genes foi earliness to its progen} is regarded as a desnable combiner For traits 

like height at flowering and node to first inflorescence also a parent which 

transmits genes for lesser value to its progeny indicates earliness Thus, parental 

strains with significant and negative gca effects are desirable combiners

Among the lines, LE 13 and LE 16 both were good general combiners for 

plant height, inflorescence plant fruits p la n ty ie ld  plant *, yield p lo t l, TSS and 

1} copene Bhatt et al (2001), Rattan et al (2008), Sekhar et al (2010) and 

Farzane et al (2012) reported high gca effects for fruits p lan t1 and yield p lan t1 

The line LE 12 exhibited significant positive gca effects for leaf length and leaf 

width High gca elfects for fruits clustei 1 and fruit girth was recorded m the line 

LE 13 whereas the line LE 16 was the best geneial combiner for the traits like
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pumary branches p la n td a > s  to first flowenng, fruit set (%) and pollen viability 

(%) The preponderance of gca effects for days to first flowering, primary 

branches p lan t', fiuits cluster 1 and plant height was reported by Ashwmi (2005) 

and Singh et al (2008)

Significant gca etfects in desirable direction for height at flowering, node 

to first inflorescence, fiuit weight, TSS, lycopene and ascorbic acid content was 

observed in the line LE 19 Kulkarm (2003), Prashanth (2004), Ashwmi (2005) 

and Raju et al (2012) reported significant and positive gca effects for both TSS 

and ascorbic acid The line LE 20 was found to be good general combiner for days 

to fruit set and flowers cluster 1 Amm et al (2012) reported significant negative 

gca effects for days to fruit set Significant gca effects for flowers cluster1 was 

reported by Bhatt et al (2001) and Hannan et al (2007) Significant positive gca 

effects for fruit length was obseived in the line LE 26 The significance of gca 

effects for a number of the characters like plant height, primary branches plant 

inflorescence plant *, fiuits cluster fruit weight, fruits p lan t1 and yield p lan t1 

was reported by Kumar et al (2013) Saleem et al (2013) and Muttappanavar et 

al (2014)

Among the testers, Anagha was the best general combiner for days to first 

flowering, days to fruit set, inflorescence p lan tl, fruit set (%), pollen viability 

(%), fruits plant ’, yield p lan t1 and ascorbic acid content Manulekshmi showed 

remarkably high gca effects foi plant height, primary branches p lan t', leaf length, 

leaf width, fruit girth, fruit weight and yield p lo t1 The testei Vellayam Vijai 

exhibited desnable gca effects for fruit length and lycopene content Both the 

testers Anagha and Vellayam Vijai exhibited significant gca effects in desirable 

direction for height at flowering, node to first inflorescence, flowers cluster *, 

fruits clustei 1 and TSS

5.3.2 Specific combining ability effects of hybrids

Specific combining ability indicates the deviation in the performance of 

specific cross from the performance expected on the basis of general combining
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ability effects of parents involved in the crosses It is an indication o f non additive 

gene action

The hybrids LE 20 x Manulekshmi, LE 16 x Anagha, LE 13 x 

Manulekshmi and LE 13 x Vellayam Vijai had high sea effects for plant height 

Significant and positive sea effects for primary branches p lan t1 was observed in 

LE 20 x Manulekshmi and LE 19 x Anagha Significant sea effects for plant 

height and primary blanches p lan t1 were in conformity with the reports o f 

Kamalaveer et al (2006), Premalekshmi et al (2006), Sekhar et al (2010) and 

Shankar et al (2013) The sea effects were positive and significant foi LE 13 x 

Manulekshmi, LE 3 x Anagha, LE 20 x Manulekshmi and LE 16 x Anagha for 

leaf length and LE 20 x Manulekshmi and LE 16 x Vellayam Vijai for leaf width

For the chaiacteis like days to fust flowenng, days to fruit set, height at 

floweiing and node to fust inflorescence, the hybrids exhibiting negative sea 

effects aie the desirable combiners The crosses LE 3 x Anagha, LE 19 x Anagha, 

LE 12 \  Vellayam Vijai, LE 16 x Anagha and LE 26 x Vellayam Vijai exhibited 

significant negative sea effects for days to first flowenng whereas, the crosses LE 

16 x Vella>am Vijai and LE 12 x Vellayam Vijai had significant sea effects m 

desnable negative direction for days to fruit set which indicated the earlmess For 

height at flowenng, the crosses LE 19 x Anagha, LE 26 x Manulekshmi and LE 

20 x Vellayam Vijai are the desirable combiners while LE 3 x Vellayam Vijai and 

LE 16 x Manulekshmi showed significant negative sea effects for node to first 

lnfloiescence which also indicated the earlmess Significant negative sea effects 

for days to first flowering was reported by Premalakshme et al (2005) and Rajan

(2014)

None o f the crosses exhibited significant positive sea effects for flowers 

c luster1 For inflorescence p l a n t t h e  ciosses LE 20 x Manulekshmi, LE 12 x 

Vellayam Vijai, LE 19 x Manulekshmi, LE 16 x Vellayam Vijai and LE 19 x 

Anagha weie good specific combiners
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The sea effects were positive and significant for LE 3 x Anagha, LE 26 x 

Vellayam Vijai LE 16 \  Manulekshmi and LE 12 x Manulekshmi for fruit set 

(%) Superior sea effects tor fruit set (%) was reported by Sirohi and Gaurav 

(2008) The crosses LE 26 x Vellayam Vijai, LE 3 x Anagha, LE 19 x Anagha, 

LE 12 x Manulekshmi, LE 16 x Manulekshmi and LE 20 x Vellayam Vijai weie 

the best combiners for pollen viability (%)

The crosses LE 26 x Anagha followed by LE 20 x Vellayam Vijai, 

LE 3 x Manulekshmi, LE 13 x Vellayam Vijai, LE 19 x Manulekshmi and 

LE 12 x Manulekshmi were the best combiners for fruits cluster1 by recording 

significant positive sea effects for the trait The ciosses exhibiting significant and 

positive sea effects foi fruits p lan t1 were LE 16 x Anagha, LE 20 x Manulekshmi, 

LE 19 x Manulekshmi, LE 13 x Anagha, LE 20 x Vellayam Vijai, LE 3 x 

Vellayam Vijai, LE 3 x Manulekshmi and LE 19 x Anagha Ashwini (2005), 

Prashant (2004), Mondal et al (2009), Virupannavar (2009), Singh (2010) and 

Kumar et al (2013) also reported significant sea effects for both fruits cluster'1 

and fruits p lan t1

The crosses LE 26 x Anagha followed by LE 16 x Manulekshmi, 

LE 3 x Anagha, LE 13 x Vellayam Vijai, LE 19 x Manulekshmi and 

LE 20 x Vellayam Vijai had high sea effects for fruit length High remaikable sea 

effects for fruit girth and fruit weight was recorded in the crosses 

LE 16 x Manulekshmi, LE 19 x Manulekshmi and LE 13 x Manulekshmi The 

cross LE 26 x Anagha also exhibited desnable sea for fruit weight The maximum 

tea effects for fruit length, fruit girth and fruit weight were m conformity with the 

reports of Singh et al (2005), Raju et al (2012), Saleem et al (2013) and Aisyah 

e ta l (2016)

The hybrid LE 19 x Manulekshmi followed by LE 16 x Anagha, 

LE 20 x Manulekshmi, LE 26 x Vellayam Vijai and LE 20 x Vellayam Vijai were 

the best combiners for yield p lan t1 by lecoidmg high sea effects for the tiait 

Significant and positive sea effects foi yield p lo t1 was exhibited by LE 20 x 

Manulekshmi, LE 19 x Manulekshmi, LE 26 x Vellayam Vijai, LE 12 x Anagha,
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LE 19 x Anagha and LE 16 x Vellayam Vijai Similar findings for yield p lan t1 

was reported by Shende et al (2012), Souza et al (2012), Shankar et al (2013), 

Gabry et al (2014), Muttappanavar et al (2014), Basavaraj et al (2015), 

Chaudhan et al (2015) and Pandiaiana et al (2015)

The crosses LE 16 x Anagha, LE 13 x Vellajam Vijai, LE 12 x 

Manulekshmi, LE 20 x Vellayam Vijai, LE 19 x Manulekshmi, LE 3 x Anagha 

and LF 3 x Manulekshmi had significant sea effects for TSS The desirable 

specific combiners for lycopene content were LE 16 x Anagha, LE 13 x Vellayam 

Vijai, LE 26 x Vellayam Vijai, LE 12 x Manulekshmi, LE 3 x Manulekshmi and 

LE 20 x Manulekshmi High sea effects for ascorbic acid was observed in the 

crosses LE 26 x Manulekshmi, LE 19 x Anagha, LE 16 x Vellayam Vijai, LE 20 x 

Manulekshmi, LE 3 x Vellayam Vijai and LE 12 x Vellayam Vijai Joshi and 

Kohli (2006), Mondal et al (2009), Kansouh and Zakher (2011) and Kumai et al 

(2013) repoited higher sea effects for TSS, lycopene and ascorbic acid content in 

tomato

5 4 GENE ACTION

Analysis ot variance for combining ability gives an estimate o f the 

variances due to lines, testers and line x tester which imply the type o f gene action 

responsible toi the variation in each character Significant mean sum o f squares 

due to lines and testeis indicate that additive gene action is operative while 

significant mean sum of squares due to line x tester shows non additive gene 

action (dominance and epistatic) is controlling the character

The analysis o f variance for combining ability revealed that the ratio of 

gca/  sea was more than unity for majority o f the characters which clearly 

indicated the influence of additive gene action for the traits like plant height, 

height at flowenng, leaf width, days to first flowering, days to fruit set, flowers 

cluster *, inflorescence plant *, fruits cluster ’, fruits p la n t f r u i t  length, fruit girth, 

fruit weight, yield plant ’, yield plot TSS and lycopene content Gaikwad et al 

(2002) and Ashwmi (2005) reported additive gene action for plant height
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Kulkami (1999), Roopa et al (2001) and Ashwmi (2005) revealed the 

predominance of additivity for fruits cluster 1 and Kulkami (2003) and Ashwmi

(2005) reported the significance o f additivity foi infloiescence p lan t1 and fruits 

p lan t1 Involvement of additive gene actions for fruit weight was reported by 

Pranshant (2004) and Sharma et al (2006) Roopa et al (2001), Sharma et al

(2006) and Pandey et al (2006) revealed the influence of additive gene action for 

yield p lan t1 Prepondeiance o f additive gene action for TSS was in conformity 

with the reports of Kulkami (2003), Pranshant (2004) and Ashwmi (2005)

In the present study, non additive gene action played a prominent role in 

controlling the characters like node to first inflorescence, primary branches 

plant leaf length, fruit set (%), pollen viability (%) and ascorbic acid Bhatt et 

al (2004) reported the importance o f non additive gene action for ascorbic acid in 

tomato

5 5 INCIDENCE OF BACTERIAL WILT

Among the seven lines, LE 16 was found moderately resistant to bacterial 

wilt with a disease incidence o f 26 66% while lest of the lines were in the range of 

moderately susceptible to susceptible All the testers weie found resistant Among 

the hybrids, LE 13 x Manulekshmi, LE 16 x Manulekshmi and LE 20 x 

Manulekshmi weie found resistant to bacterial wilt with a disease incidence o f 

11 67%, 18 33% and 13 33% respectively while, rest of the hybrids ranged 

between moderately resistant to susceptible Both the checks Indam 9802 and 

Lekshmi were found susceptible to bacterial wilt disease with incidence of 

71 67% and 63 33% respectrvely

Heterosis (%) for bacterial wilt incidence revealed that the cross LE 13 x 

Manulekshmi exhibited highest significant negative heterosis over mid parent 

(-70 21%) better parent (-81 58%) and standard checks (-83 72% and -81 58% 

respectively) which was followed by LE 20 x Manulekshmi over mid parent 

(-61 90%), better parent (-75 76%) and standaid checks (-81 40% and -78 95% 

respectively) Significant negative standard heteiosis over both the checks was
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exhibited by most o f the crosses Virupannavai et al (2010) also estimated the 

heterosis for bacterial wilt tesistance in tomato

Among the lines, significant negative gca effect was recorded in LE 13 

(-13 97) and LE 16 (-10 63) Among the testers, Manulekshmi (-10 16) recorded 

negative and significant gca effect for bactenal wilt incidence Among the 

crosses LE 20 x Manulekshmi (-14 29), LE 19 x Anagha (-12 54), LE 12 x 

Anagha (-11 43), LE 16 x Vellayam Vijai (-9 84) and LE 26 x Anagha (-8 10) had 

significant negative sea effect in desirable direction for the incidence o f bactenal 

wilt

Components o f genetic variance for the incidence o f bactenal wilt 

revealed the predominance of non additive (dominance) gene action as gca /  sea 

ratio was less than unity Patil (1998), Venkataramana (2001), Swaminathan and 

Snnivasan (1972), Gopinath and Madalageu (1986) reported that bactenal wilt 

resistance was controlled by single dominant gene (non additive)
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6. SUMMARY

The present investigation on "Development of hybnds with bactenal wilt 

resistance in tomato {Solarium lycopersicum L )” was conducted at the 

Department of Olenculture, College o f Agriculture, Vellayam, during 2015-2016 

with the objective o f developing Fi hybrids o f tomato with high yield, quality and 

resistance to bactenal wilt

The experiment was carried out in two parts In part I, twenty one Fi 

hybrids were developed by crossing seven lines and three testers m a line x tester 

fashion in a crossing block The seven lines consisted o f high yielding genotypes 

identified and maintained in the department o f Olenculture, viz, LE 3, LE 12, LE 

13, LE 16, LE 19, LE 20 and LE 26 and the testers were the bactenal wilt resistant 

varieties released from KAU v iz , Anagha, Manulekshmi and Vellayam Vijai In 

part II, hybrids were evaluated along with their parents and checks (Indam 9802 

and Lekshmi) during September 2015- January 2016 in a Randomized Block 

Design with 33 treatments and three replications They were evaluated for 

following traits viz, plant height (cm), height at flowering (cm), node to first 

inflorescence, primary branches p l a n t l e a f  length (cm), leaf width (cm), days to 

first flowering, days to fruit set, flowers cluster ’, inflorescence p lan t!, fruit set %, 

pollen viability %, fruits cluster fruits p lan t', fruit length (cm), fruit girth (cm), 

fruit weight (g), yield plant '(g), yield p lo t1 (kg), TSS (%), lycopene (mg/ 100 g), 

ascorbic acid (mg/ 100 g) and the incidence of bacterial wilt under field 

conditions

Analysis of vauance revealed significant difference among the treatments 

for all the traits studied The lines were significantly different for plant height, 

height at flowering, primary branches plant days to fruit set, flowers cluster'1, 

inflorescence p lan t1 fruits p lan t', fruit length, fruit girth, fruit weight, yield plant 

1 and yield p lo t1 while the testers were significantly different for height at 

flowering, leaf width, days to first flowering, flowers cluster ', fruits cluster'1, fruit 

length, fruit girth, fruit weight, TSS, lycopene and bacterial wilt incidence (%)
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Line x Tester interaction was significant for all the characters except flowers 

cluster1

Based on mean performance and gca effect, superior line identified was 

LE 16 which recorded the highest plant height, primary branches p la n te a r ly  

days to fruit set, yield p lo t1 and bacterial wilt resistance Supenor lmes for other 

characters were LE 12 foi leaf length and days to first flowering, LE 12 and LE 

13 for leaf width, LE 26 for floweis c lu s te rL E  13 and LE 20 for fruits cluster *, 

LE 13 and LE 16 for inflorescence p la n t f ru i ts  p lan t1 and yield p lan t1 and LE 

19 and LE 26 for fruit length and ascoibic acid The lines LE 13 and LE 19 were 

the best tor fruit girth and fruit weight The lines LE 20, LE 13 and LE 16 were 

superior foi TSS while, LE 19, LE 26 and LE 16 recorded superiority for 

lycopene

Among the testers, Anagha recoided superiority for fruits p lan t1 and yield 

p lan t1 Vellayam Vijai was supenor for flowers cluster1, fruits cluster'1, fruit 

length, TSS and lycopene while, Manulekshmi was found supenor for plant 

height, primary branches p l a n t f r u i t  girth, fruit weight and bacterial wilt 

resistance

Based on mean peiformance, sea effect and standard heterosis, supenor 

hybrids identified were, LE 13 x Manulekshmi and LE 20 x Manulekshmi for 

plant height and leaf length whereas, LE 3 x Vellayam Vijai for node to first 

infloiescence The ciosses LE 20 x Manulekshmi and LE 16 x Vellayam Vijai 

recorded the maximum leaf width whereas, LE 20 x Manulekshmi recorded the 

supenonty fot pnmary bianches p lan t1 The cross LE 19 x Anagha recorded the 

lowest height at flowenng whereas, LE 16 x Vellayam Vijai recorded the early 

days to fruit set For floweis cluster ’, supenor hybrids identified were, LE 20 x 

Vellayam Vijai, LE 26 \  Anagha and LE 12 x Vellayam Vijai based on mean 

performance and standard heterosis The ciosses LE 16 x Manulekshmi and LE 3 

x Anagha recorded the best for fruit set % while, LE 19 x Anagha and LE 16 x 

Manulekshmi foi pollen viability % The crosses LE 26 x Anagha, LE 20 x 

Vellayam Vijai and LE 13 x Vellayam Vijai foi fruits cluster1 (Plate 9) while, LE
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16 x Anagha for fruits p lan t1 (Plate 10) The hybnd LE 13 x Vellayam Vijai was 

superior for fruit length None o f the hybnds recorded supenor standard heterosis 

for fruit girth and fruit weight However, the hybnds LE 13 x Manulekshmi, LE 

19 x Manulekshmi and LE 16 x Manulekshmi were the best for fruit girth and LE 

19 x Manulekshmi for fruit weight based on mean performance and sea effect 

The hybnd LE 16 x Anagha was outstanding for yield p lan t1 (Plate 10) The 

hybrids LE 20 x Manulekshmi and LE 19 x Manulekshmi were found to be the 

most promising for yield p lo t1 based on sea effect and standard heterosis while, 

LE 13 x Manulekshmi followed by LE 13 x Anagha were found to be superior for 

the same trait based on mean performance and standard heterosis The hybnds LE 

16 x Anagha, LE 13 x Vellayam Vijai and LE 20 x Vellayam Vijai were identified 

as the best for TSS based on mean performance, sea effect and standard heterosis 

The crosses LE 16 x Anagha, LE 13 x Vellayam Vijai and LE 26 x Vellayam 

Vijai were the best for lycopene based on mean performance and sea effect The 

cross LE 19 x Anagha was found supenor for ascorbic acid followed by LE 26 x 

Manulekshmi and LE 20 x Manulekshmi

The hybrids LE 13 x Manulekshmi, LE 16 x Manulekshmi and LE 20 x 

Manulekshmi were resistant to bacterial wilt based on the mean performance and 

standard heterosis Considering the mean performance, sea effect and standard 

heterosis over both the checks, the cross LE 20 x Manulekshmi was found 

promising for bacterial wilt resistance The a 2,gca and cr2sea ratio indicated 

preponderance o f non additive gene action for bacterial wilt incidence (%)

Based on the mean performance, specific combining ability and standard 

heterosis, the hybrid LE 16 x Anagha was the best for fruits plant *, yield p lan t1 

and TSS The hybrid LE 20 x Manulekshmi was found promising for bacterial 

wilt resistance Considering both yield p lo t1 and bacterial wilt resistance, LE 13 x 

Manulekshmi was adjudjed the best



Plate 9 Prom ising h \b n d s  tor Iruits cluster 1



Pla te  10 P rom ising  h \ h n d  for  fru it s  p lan t  ‘a n d  \ ie ld  p lant 1
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ABSTRACT

The project entitled “Development of hybrids with bacterial wilt resistance 

in tomato {Solanum lycopersicum L )” was carried out at the Department of 

Olericulture, College of Agncultuie, Vellayam, during 2015-2016 to develop Fi 

hybnds of tomato with high yield, quality and resistance to bacterial wilt

The experiment was earned out m two parts In part I, twenty one F| 

hybrids weie developed by crossing seven lines and three testers in a line x tester 

fashion in a crossing block The seven lines consisted o f high yielding genotypes 

identified and maintained in the department of Olericulture, v iz , LE 3, LE 12, LE 

13, LE 16, LE 19, LE 20 and LE 26 and the three testers were the bactenal wilt 

resistant varieties v iz , Anagha, Manulekshmi ana Vellayam Vijai In part II, 

hybrids weie evaluated along with then parents and checks (Indam 9802 and 

Lekshmi) during September 2015 -  January 2016 in a Randomized Block Design 

with 33 treatments and thiee replications

Analysis of variance revealed significant difference among the treatments 

for all the tiaits Among the hybrids, LE 13 x Manulekshnv recoided the highest 

plant height (110 44 cm), LE 20 x Manulekshmi exhibited the highest primary 

branches p lan t1 (12 55) The hybrid LE 16 x Anagha recorded eaily flowering 

(24 33) highest fruits plant' 1 (110 66), yield p lan t1 (2191 44 g), TSS (4 91%) and 

lycopene (13 03 mg/ 100 g) The cross LE 26 \  Anagha had the highest fruits 

cluster 1 (6 33) and LE 13 x Vellayam Vijai recorded the highest fruit length (5 41 

cm) The cioss LE 13 x Manulekshmi was the best for fruit girth (15 07 cm) and 

yield p lo t1 (31 42 kg), LE 19 x Manulekshmi foi fruit weight (62 85 g) and LE 19 

x Anagha foi ascorbic acid (34 30 m g /100 g)

The estimates of general combining ability {gca) effects revealed that 

among the lines, LE 16, LE 13 and LE 20 were the best geneial combiners for 

fruits p lan t1 while, LE 13 and LE 19 for fruit length, fruit girth and fruit weight 

The lines LE 16 and LE 13 exhibited good gca for yield plant' 1 and yield p lo t1 

while, LE 19, LE 13 and LE 16 for TSS and lycopene Foi ascorbic acid, LE 19, 

LE 20 and LE 26 vveie the best general combineis Among the testers, Anagha
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exhibited good gca effects foi fruits p lan t1, yield p lan t1 and ascorbic acid 

Manulekshmi was good geneial combiner tor fruit girth, fruit weight and yield 

p lo t1 while, Vellayam Vijai exhibited good gca for fruit length, TSS and lycopene 

content The estimates of specific combining ability effects revealed that the 

hybrid LE 16 x Anagha was the best for fruits p lan t1, yield p lan t1, TSS and 

lycopene Significant positive sea effect for fruits p lan t', yield p lan t], yield plot 

lycopene and ascorbic acid was recorded in the cross LE 20 x Manulekshmi 

while, LE 26 x Manulekshmi followed by LE 19 x Anagha recorded high sea for 

ascoibic acid The a2gca and v2 sea ratio indicated preponderance o f non additive 

gene action for bactenal wilt incidence (%)

Relative heterosis, heterobeltiosis and standard heterosis ovei checks were 

woiked out foi all yield and quality characters The highest standard heteiosis for 

fruits p lan t1 (320 20% and 203 67% lespectively), yield p lan t1 (27 32% and 

14 92% respectively) and TSS (16 89% and 13 91% respectively) was recorded in 

I E 16 x Anagha Significant and positive standard heteiosis foi yield p lo t1 was 

exhibited by LE 13 x Manulekshmi (220 03% and 125 01% respectively) while, 

LE 19 x Anagha for ascorbic acid content (41 06 and 24 24% respectively)

Based on bacterial wilt incidence (%), LE 13 x Manulekshmi, LE 16 x 

Manulekshmi and LE 20 x Manulekshmi were resistant with a disease incidence 

of 11 67%, 18 33% and 13 33% respectively Other hybnds weie in the range of 

moderately resistant to susceptible, while both the checks (Indam 9802 and 

Lekshmi) were susceptible with a disease incidence o f 71 67% and 63 33% 

respectively

Based on the mean performance, specific combining ability and standard 

heterosis, the hybrid LE 16 x Anagha was the best for fruits plant ’, yield p lan t1 

and TSS The hybrid LE 20 x Manulekshmi was found promising for bactenal 

wilt lesistance Considering both yield p lo t1 and bacterial wilt resistance, LE 13 x 

Manulekshmi was adjudjed the best
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