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Introduction



1. INTRODUCTION

Brinjal {Solarium melongena L.) belongs to the family Solanaceae, with a

chromosome number n=x=12. It is referred by different names viz. Eggplant (English),

Aubergine (French), Baingan (Hindi), Badanekai (Kannada), Vangi (Marathi) and

Vankai (Telugu), Katharikai (Tamil) etc. According to Vavilov (1928), centre of origin

of brinjal is the Indo-Buima region. The centre of diversity of brinjal is believed to be

in the region of Bangladesh and Myanmar (Former India-Burma border) as per Isshiki

et al. (1994) based on the iso-enzyme and morphological variation studied. According

to Zeven and Zhukovsky (1975), brinjal has originated in India but the domestication

has rapidly increased in East China and is now a secondary centre of variation.

It is named as "poor man's vegetable" because of its low cost of production,

ease of cultivation and availability throughout the year. Fruits are widely used in

various culinary preparations viz., sliced baji, stuffed curry, bartha, chutni, pickles etc.
According to USDA data base, it is having 5.7 g of carbohydrates, 1 g of protein and
3.40 g of dietary fiber per 100 g of edible portion. Due to its low calorific value (24
kcal per 100 g) and high potassium content (200 mg per 100 g), it is suitable for

diabetes, hypertensive and obese patients (Prabhu et al, 2009).

Currently brinjal is growing in many countries like India, Japan, Indonesia,
China, Bulgaria, Italy, France, USA and several African countries. India is the second

largest producer of brinjal after China with an area and production of 0.71 million

hectare and 13.5 million tonnes respectively. In India, West Bengal occupies first place
with an area and production of 0.16 million hectare and 0.29 million tonnes

respectively (Anonymous, 2015).

In brinjal, very limited attempt has been made for genetic improvement of

available indigenous types. Genetic improvement of any crop mainly depends upon the
amount of genetic variability present in the population and the germplasm serves as a

valuable source of base population and provide scope for wide variability (Ramya and

-f-
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Senthilkumar, 2009). The phenotypic expression of the plant is mainly controlled by

the genetic makeup of the plant and the environment in which it is growing. Therefore,

it becomes necessary to partition the observed phenotypic variability into its heritable

and non-heritable components with suitable parameters such as phenotypic and

genotypic coefficient of variation, heritability and genetic advance.

The yield parameter can be increased by heterosis or hybrid vigor.

Identification of potential parents on the basis of progeny performance requires a large

number of crosses, which is laborious. Line Tester is a mating design whereby the

selected parents are crossed in a certain order to predict the combining ability of the
parents and elucidate the nature of gene action involved in the inheritance of the traits

(Abhinav and Nandan, 2010). Heterosis of Fi hybrids can also reveal the specific

combining ability (SCA) and general combining ability (GCA) of parental lines. The

combining ability works as the basic tool for improved production of crops in the form

of Fi hybrids (Dhillon, 1975). Heterotic studies can also provide the basis for

exploitation of valuable hybrid combinations and their commercial utilization in future

breeding programes (Chowdhury et al., 2010). Recently, it has been understood that

the utilization of hybrid vigour is most effective for the improvement of different

characters and the combining ability is the fundamental tool for enhancing the
productivity/y-ield of different crops in the form of Fi hybrids (Pachiyappan et al.,
2012).

Despite of its economic importance, production per unit area of brinjal is still
low in the country. There are certain constraints like low yielding varieties, poor
acclimatization of varieties under different environmental conditions and susceptibility
to different biotic and abiotic stresses which affect the optimum production and result

in low productivity (Adarsh et al., 2017). Among biotic stresses, brinjal fhiit and shoot
borer is the most important and major pest affecting successful brinjal production
throughout the year.
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Brinjal fruit and shoot borer (BFSB), Leucinodes orbonalis (Guen.) is known

to damage shoots and fruits of brinjal in all stages of its growth. The yield loss due to

the pest is to the extent of 70-92 per cent (Jat and Paieek, 2003; Eswarareddy and

Srinivas, 2004).The young larvae of the pest bore in to petioles and midribs of large

leaves and tender shoots causing shoot tips to wilt and later they bore in to flower buds

and fruits. The affected fruits lose their market value besides producing considerable

reduction in yield. The pest poses a serious problem because of its high reproductive

potential, rapid turnover of generations and intensive cultivation of brinjal both in wet

and dry seasons of the year. Farmers use large quantities of chemical insecticides singly

or in combination to get blemish free fniits, which fetches premium price in the market.

This practice of indiscriminate use of insecticides leads to build up of pesticide residues

in the produce, destruction of beneficial insects, pest resurgence, pesticide exposure to
farm workers and environmental pollution. To reduce pest-linked damage in brinjal
crop as well as to protect the environment from adverse effects of pesticides. Hence

development of resistance /tolerance varieties against this pest is an ideal choice.

Identification of resistant/tolerant plants is traditionally done in the field or

greenhouse. This is often a laborious method which also involves handling and
maintenance of the infective agent. Genetic markers may provide an attractive and

more reliable alternative to fruit and shoot borer resistance/ tolerance selection, making
the breeding process more precise, efficient and less resource demanding (Adarsh et
ai, 2017). Once molecular markers that are closely linked to fruit and shoot borer

resistance/ tolerance have been identified, marker-assisted selection (MAS) can be
performed at early stages of plant development, thus avoiding selection through disease
exposure (Rakshit et al., 2001).

In view of the above findings, the present investigation on "Inheritance of yield
and resistance to shoot and fruit borer {Leucinodes orbonalis Guen.) in brinjal
{Solanum melongena L.)" has been under taken with the following objectives:

-3



zo

Objectives:

1. To study the genetic basis of yield, yield attributes and developing high yielding

shoot and fruit borer resistant varieties of brinjal.

a) To study genetic variability and to determine the degree of association

among grovrth, morphological and yield characters

b) To screen the genotypes for high yield and resistance to shoot and fruit

borer

c) To assess the magnitude and direction of heterosis for growth and yield

parameters

d) To study the combining ability (general and specific combiners) and gene
action for growth and yield parameters

2. To study the molecular comparison of resistant and susceptible segregants in F2

generation
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Review of Literature
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2. REVIEW OF LITERATURE

A critical comprehensive review of literature is inevitable for any scientific

investigation. A proper understanding of the problem requires thorough review of

the existing knowledge of the problem. Several research workers evaluated brinjal

genotypes generated as well as collected from different sources in various seasons,

which exhibited immense range of variation in morphological, yield, quality and

shoot and fruit borer resistance traits. Keeping in view of the objectives of the

problem, the available review of literature is presented under the following sub

headings based on experiment I, II and experiment III.

2.1 COLLECTION AND EVALUATION OF GERMPLASM

Reviews relating to the experiment are presented under the following headings.

2.1.1 Genetic Parameters

Two basic requirements for any trait improvement are variation and

selection. For effective selection information on the nature and the magnitude of
variation is available in the material with regard to component characters

contributing to yield and the part played by the environment in the expression of
these characters is essential. The magnitude of variability is measured in terms of

genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV)
and environmental coefficient of variation (ECV). Burton (1952) suggested that
genetic variability with heritability should be considered for assessing the
maximum and accurate effect of selection. There is of prime importance to estimate
genotypic coefficient of variation, heritability and genetic advance for a successful

breeding programme. The range of genetic variability for a character is measured

with the help of the genotypic coefficient of variation and this also provides a
measure to compare the genetic variability present in various characters. It has been

suggested by many workers that the heritable variation cannot be measured with

the help of genotypic coefficient of variation alone. To the plant breeders,

heritability is important, primarily as a measure of the value of selection for a

particular character in various progenies and as an index of transmissibility was
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given by Hayes et aL, (1955). Heritability is an important to evaluate the relative

magnitude of the effect of genes and environments on total phenotypic variability.

The concept of heritability has been given by Lush, (1940). Heritability is

the ratio of the variance due to hereditary difference (genotypic variance) to the

total observed variance (phenotypic variance). Robinson et al. (1949) defined

heritability as the additive genetic variance in per cent of the total variance. The

concept of heritability is based on relative magnitude of the effect of environments

on total phenotypic variability i.e. in broadsense, heritability is the portion of total

phenotypic variance that occurs due to genetic reason. Genetic advance is the

improvement in the mean genotypic performance of selected lines over the original

base population. Johnson et al. (1955) suggested that heritability estimate with

genetic advance could be more reliable than heritability alone for predicting the

effect of selection. According to Comstock and Robinson (1952) genetic advance

or genetic gain depends on the amount of genetic variability, the magnitude of

masking effect of the genetic diversity and the intensity of selection. Heritability

and genetic gain are complementary to each other and heritability estimate in broad

sense accompamed by high genetic advance is a reliable combination for a

rewarding selection (Ramanujam and Tirumalachar, 1967). Below is given a brief

review of earlier works done in these aspects in brinjal.

2.LJ.1 Genetic Variability

Thirty strains of brinjal for 14 characters were evaluated and genetic

variability was observed for total fhiit yield as well as other characters also. High

genotypic and error variance were recorded for total fimit yield, number of finits,

weight of fhiit, length and girth of fruit, days to 50 per cent flowering and branches

per plant (Dhankar and Singh, 1983). Sinha (1983) studied fruits per plant and ratio

of finrit length to circumference recorded high GCV. Genetic variability and

correlation studies by Chadha and Paul (1984) reported high genetic coefficient of

variation for fruits per plant. Genetic variability was studied for 27 brinjal varieties

and reported that yield had the highest PCV (98.95%) while for single fruit weight

had highest GCV (98.2%) (Gopimony et al., 1984). A wide range of phenotypic

-6-
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variation was observed by Vadivei and Bapu (1989) for days to first flowering,

plant height, fruits per plant and fruit yield per plant while genetic coefficient of

variation was high for yield per plant, fruit length, girth and weight of fiiiits.

Vadivei and Bapu (1991) evaluated 19 brinjal genotypes and reported that the

genotypic variances were high for fruit length, fhiit girth, finit weight and fruit yield

per plant. Varma (1995) reported considerable variation for plant height, primary

branches and fruit yield per plant. GCV was high for fhiit yield, yield per plant,

total fhiits per plant and average finit weight. Eight eggplant genotypes and four

Solarium spp., viz., S. gilo, S. anomalum, S. incanum and S. indicum by Behera et

al. (1999) and observed high genotypic and phenotypic coefficients of variation for

length and diameter of fhiits and yield per plant. Rai et al. (1999) observed

variability in long shaped brinjal hybrids and found high coefficient of variation for

average fruit weight, total finits, fhiit length and yield. Rajyalakshmi et al. (1999)

reported lowest genotypic and phenotypic variance for fimt diameter whereas

highest PCV and GCV were observed for fruits per plant and yield per plant.

Seventy eight genotypes were evaluated by Singh and Gopalakrishnan (1999)

reported high PCV (60.90%) for fruits per plant followed by yield per plant

(57.12%) and GCV was also maximum for the same characters 54.8% and 52.67%

respectively. For all the characters under study the coefficients of variation were

below 50% except yield per plant and genotypic coefficients of variation of fhiits

per plant, mean fruit weight and yield per plant were high in a study conducted by

Sharma and Swaroop (2000) using 27 brinjal genot>pes. Patel et al. (2004) reported

Fruit length, yield per plant and fruit weight exhibited highest values of genotypic

and phenotypic coefficients of variation, high estimates of heritability, and genetic

advance. Rai et al. (1995) observed that non additive gene effect was prominent in

expression of fhiit and shoot borer resistance whereas Lohakare et al. (2008)

reported high genotypic and phenotypic coefficients of variation for fruits per

cluster.

High phenotypic and genotypic co-efficient of variation values were found

previously for various characters indicating that selection was effective in an often

cross pollinated crop like brinjal based on those characters. Singh and Kumar
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(2005) showed that number of flowers per cluster, number of fruits, fruit weight

and fhiit yield per plant were having high GCV and PCV values. High coefficient

of variation was observed for fiiiit length, number of fiaiits per plant, fhiit weight

and fhiit yield per plant (Sherly and Shanthi, 2009). Genotypic and phenotypic

variance were high for plant height, number of fhiits per plant and yield per hectare

(Nayak et al., 2009). In an another investigation by Kumar et al. (2012), number of

primary branches per plant, intemodal length, number of fiaiits per plant, fhiit

weight and fruit yield per plant were found to have high co-efficient of variation

values while Karak et al. (2012) observed high GCV and PCV values for fî t

length, fhiit girth, finit weight, number of fruits per plant, total sugar, total phenol

and fhiit yield per plant. High GCV and PCV values for fi-uit length, calyx length,

number of fhiits per plant, total phenol content and fruit yield per plant was

observed by (Kumar and Arumugam, 2013). Similarly number of branches per

plant, fiiiit length, fhiit girth, number of fhiits per plant, fhiit weight and fruit yield

per plant were found to exhibit high co-efficient of variation values as per

Arunkumar et al. (2013).Yadav et al. (2014) recorded high GCV and PCV values

for plant height, number of primary branches per plant, plant spread, number of

long styled flowers per plant, number of fruits per plant, fhiit length, fhiit girth,

finit weight and fhiit yield per plant. Gavade and Ghadage (2015) observed high

coefficient of variation values for finit width, fhiit weight and finiit yield per plant.

High GCV and PCV values were observed during autumn-winter season in

Bangladesh by Solaimana et al. (2015) for fruit length, fruit width, fruit weight,

number of fruit per plant and fruit yield. High PCV and GCV were recorded for the

plant height, number of primary branches, intra cluster distance, number of fhiits

per plant, length of fruits, girth of fruits, finit weight, fhiit yield per plant, shoot

infestation by shoot and fhiit borer and fruit infestation by shoot and fruit borer was

reported by Gangadhara and Abraheim (2016a).
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2.LL2 Heritability and Genetic Advance

Rai et aL (1998) observed high estimate of heritability (0.935) along with

genetic advance (64.48 per cent of mean) for fruit weight. However, primary

branches, and fruit length recorded low heritability and low genetic advance. High

heritability and genetic advance was observed for fruit diameter, length of fruit and

fruit yield (Behera et aL, 1999). Characters like fruit weight, fruit volume, plant

height and seed to pulp ratio had high H^ coupled with high GA as percentage of

mean (Patel et aL, 1999) whereas Rai et aL (1999) reported high value of heritability

coupled with GA for fruit weight, yield, equatorial fruit length and total number of

fruits. In another study by Rajyalakshmi et aL, (1999) shown high heritability

values for fruit weight, fruit diameter, plant height and fruits per plant but high

heritability coupled with high genetic advance was observed for fruits per plant and
fruit weight. Singh and Gopalaknshnan (1999) evaluated 78 brinjal accessions and

observed high heritability for fruit weight as well as days to last harvest. Yield per
plant both in number and weight of fruits had high values of H^ and GA whereas

low GA was observed for days to flower and fruit set but high heritability was

reported for length of fruit, fruits per plant, fruit weight and yield per plant (Shaima
and Swaroop, 2000). Singh and Kumar (2005) observed that heritability estimates

were high (above 87%) for all the characters and reported maximum heritability for
average fruit weight closely followed by yield per plant. The genetic advance as

percentage of mean was high for average fruit weight, fruits per plant and yield per
plant whereas high heritability coupled with high genetic advance was observed for

fruits per plant, average fruit weight and yield per plant. Lohakare et aL (2008b)
observed almost all the characters exhibited high heritability except yield per
hectare which recorded moderate heritability (46.15% to 98.87%) and Prabhu et aL

(2009) reported high heritability with moderate genetic advance in Fs and Fe

generations of CO 2 x Solanum viarum, Fs generation of EP 65 x S. viarum and EP

45 X S. viarum for marketable yield per plant but high heritability with moderate or

high genetic advance was observed for shoot borer infestation in EP 45 x S. viarum

and EP 65 x S. viarum.
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Total phenols, polyphenoloxidase activity and total soluble sugars had high

genetic advance coupled with high heritability, which suggested that these traits are

under the control of additive gene action and can be improved through simple

selection procedures (Doshi et al, 1999). Plant height, days to first fruit harvest,

number of fhiits per cluster, number of fruits, average fhiit weight and yield per

plant had high heritability coupled with high genetic advance as per cent of mean

(Singh and Kumar, 2005). Plant height, girth of fruit and number of fhiits per plant

exhibited high levels of heritability and genetic advance, indicating the importance

of additive gene effect for these traits. Thus, simple selection will be effective for

these traits (Mishra et al., 2008). High heritability coupled with high genetic

advance as per cent of mean was registered for fruit length, number of fhiits per

plant, fhiit weight and fruit yield per plant. These characters can be effectively

improved through selection (Sherly and Shanthi, 2009). High values of genetic

advance over mean (GAM) coupled with high estimates of heritability was

observed for characters fhiit length, number of fruits per cluster, number of fixiits

per plant and total yield per plant. This indicates additive component is predominant

and hence direct selection would be more effective in improving these traits (Nayak

et a/., 2009). High values of heritability coupled with high PCV, GCV and genetic

advance as per cent of mean were reported for average fruit weight, fhiit yield per

plant, fruit diameter, fruit length, number of fhiits per plant, plant height and

number of primary branches per plant (Tripathi et al., 2009). Three characters

namely, fhiit weight, plant height and days to 50% of flowering exhibited high

heritability and genetic advance indicating that such situation may arise due to the

action of additive genes controlling the characters (Chattopadhyay et al. 2011).

Heritability estimates were highest for fruit weight, plant height, days to first fhiit

set, total yield per plant, fruit length, days to 50% flowering, number of flowers per

cluster, long styled flowers per cluster, number of short styled flowers per cluster,

number of medium styled flowers per cluster, number of primary branches per plant

and number of fruits per cluster. The highest genetic gain was observed for total

yield per plant, followed by fruit weight, long styled flowers per cluster, medium

styled flowers per cluster, number of short styled flowers per cluster, number of

(9
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flower per cluster and fruit length (Kumar et al. 2011). High values of genetic

advance with high heritability for plant height, number of primary branches per

plant leaves per plant, mean area of leaf, leaf area/ plant, fruit length, fruit girth,

fruit weight, number of fruits per plant, total sugar, crude protein, total phenol and

fruit yield per plant (Karak et al. 2012). The high estimates of heritability coupled

with high genetic advance as per cent of mean estimated for the number of primary

branches per plant, intemodal length, fruit length, average fruit weight, number of

fruits per plant and fruit yield per plant (Kumar et al, 2012).

Fruit length, fruit pedicel length, fhiit circumference, calyx length, number

of fhiit per plant, average fruit weight, shoot borer infestation, little leaf incidence,

ascorbic acid content, total phenols content and fruit yield per plant were found to

have high heritability and high genetic advance (Kumar and Arumugam, 2013).
Plant height, number of branches per plant, fruit length, fruit girth, number of fruits

per plant, fiuit weight and fruit yield per plant were having high heritability coupled
with high genetic advance as per cent of mean as per Arunkumar et al (2013). Plant
height, number of primary branches per plant, plant spread, number of long styled
flowers per plant, number of fruits per plant, fruit length, fruit girth, fruit stalk

length, average fiuit weight and fruit yield per plant were found to be controlled by
additive gene action by Yadav et al (2014). Gavade and Ghadage (2015) also
reported that days to initiation of flowering, length of fiuit, breadth of fiuit, weight
of fiuit, fruits per plant and fruit yield per plant were under strong additive gene
action. Days to 50% flowering, days to 1st harvest, plant height at 1st harvest,

number of branches, fruit length, fiuit width, single fiuit weight, number of fiuit

per plant and fruit yield were noticed with high heritability and high genetic

advance (Solaimana et al., 2015). High heritability coupled with high genetic
advance as per cent mean was observed for plant height, number of primary
branches, intra cluster distance, inter cluster distance, number of fruits per plant,
length of fruits, girth of fruits, fruit weight, fruit yield per plant, shoot infestation
by shoot and fruit borer and fruit infestation by shoot and fruit borer was reported
by Gangadhara and Abraham (2016a).



2.1.2 Character Association and Path Analysis

Correlation coefficient analysis measures the mutual relationship between

various plant characters and determines the component characters on which

selection can be based for improvement in yield. The magnitude and direction of

association is measured by correlation coefficients. Correlation studies provide

information such that selection for one character results in progress for all positively

correlated characters. Simple correlations are of three types viz., phenotypic

genotypic and environmental. Phenotypic correlation is the observable correlation

between variables, measures the environmental deviation together with non-

additive gene action. Genotypic correlation on the other hand is the inherent

association between two variables. Estimation of phenotypic and genotypic

correlations between different characters is helpful in a breeding programme as it

supplies different information regarding the characters, which may be used as the

criteria for selection. The intensity and direction of association among characters

may be measured by genotypic and phenotypic coefficients of correlation

depending on the type of material under study and experimental design used (Mode
and Robinson, 1959). Studies on correlation co efficient merely provide an exact

picture of relative importance of direct and indirect influence of each component

character towards dependent variable. Therefore, the knowledge of direct and

indirect influence of components on yield is of prime importance to select high
yielding genotypes. The utility of path co efficient analysis in plant breeding was

demonstrated by Deway and Lu (1959). The path coefficient technique is more
useful than stepwise multiple regression in establishing the direct and indirect

relationships among different variables (Ogunbodede, 1989). High yield depends
on those yield components which are highly heritable and strongly correlated with

yield and show positive correlations with other yield components. A brief review

of previous works on correlation and path analysis in brinjal were described

beneath.

Mak and Vijayarungam (1980) studied the interrelationships of some

characters in 27 varieties of brinjal. Yield per plant was positively correlated with
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primary branches and seeds per The yield per plant is positively associated

with plant height, fruit weight, primary branches, flowers and fruits per plant.

Mishra and Mishra (1990a) reported positive correlation between fruit length, fruit

girth and fruit weight, while fruits per plant was negatively correlated with fhiit

girth and weight. Nainar et al. (1990) shown that in path coefficient analysis, fhiit

per plant, fruit weight and fioiit length showed positive association with yield and

in another study, fruits per plant and branches per plant had the highest direct effect

on yield (Randhawa et cr/., 1993). Plant spread and fruits per plant showed

significant positive correlation with yield (Gautham and Srinivas, 1992).

Ushakumari and Subramanian (1993) reported the genotypic and phenotypic

correlation among ten yield components in 54 genotypes of aubergine and found

that the number of fiiiits had the highest positive correlation followed by number

of branches with yield. In a study had a seventeen brinjal genotypes were evaluated

by Ponnuswami and Irulappan (1994) and found that yield per plant had significant

as well as positive correlation with plant height, branches per plant, fruit weight,
fruit length and fhiits per plant. Narendrakumar (1995) evaluated 21 genotypes for

correlation analysis and found that yield per plant had significant positive

association with fhiit length, primary branches per plant and fruits per plant, but no

significant correlation with fhiit diameter. Most of the environmental correlations

were not significant. Varma (1995) analysed significant positive correlation of yield

with total fhiits per plant and average fruit weight while it showed significant
negative correlation with days to first flowering. Behera et ai (1998) reported that

diameter of fruit was positively correlated with infested fruit yield at genotypic
level which indicated that round/oblong fruits are more affected by borer attack.

The positive correlation of infested yield and infested fruits per plant with total

yield was mainly due to its direct effect via diameter of fhiit. Kumar and Ram

(1998) have given the data on correlation coefficients indicated that fruit size

components namely, fhiit diameter, fhiit weight and fruit volume were effective

indirect negative selection criteria for improving resistance to the shoot and fhiit

borer. Vadivel and Bapu, (1998) showed results on path analysis for yield

components suggested the importance in the order of fruits per plant, branches per
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plant, plant height and fruit weight on fruit yield. Sharma and Swaroop (2000)

evaluated 27 brinjal accessions and reported that fruits per plant, mean fruit weight

and diameter of fruits were positively conelated with yield, while days to 50 per

cent flowering showed no correlation. Path analysis revealed that fruits per plant

had maximum direct effect at genotypic level while maximum direct effect at

phenotypic level was showed by fruits per plant, mean fruit weight and diameter of

fruits. Branches per plant, plant height and length of fruit had positive indirect

effect towards yield per plant via fruits per plant. Hazra et al. (2004) studied

morphological characters namely thick terminal shoot, long and wide calyx and

plump fruits of high weight were highly correlated with susceptibility to shoot and

fruit borer. The total phenol content of fruit was markedly and negatively correlated

with susceptibility to borer attack. Furthermore, sugar and protein contents in the

fruits were associated with less susceptibility to shoot and fhiit borer infestation. In

another study, the number of fhiits per plant, fruit length and weight per fruit

exhibited significant positive correlations with the fruit yield per plant. Path

coefficient analysis revealed that the number of fhiits per plant, fruit length and
weight per fruit had the highest direct effects on fhiit yield per plant (Patel and
Samaik, 2004). Marketable yield per plant was positively and significantly
associated with number of marketable fruits, gross yield and total number of fruits

per plant. Path analysis revealed that purposeful and balanced selection on the basis

of fruit diameter, number of fruits (total and marketable), fruit length and days to
first picking would be more rewarding for improvement of brinjal (Pathania et al.,
2005). Kushwah and Bandhyopandhya (2005) observed that genotypic and
phenotypic correlation coefficients were estimated to measure the degree of
association between yield and its contributing characters. Fruits per plant and fruit

diameter had significant positive correlation with yield per plant both at genotypic
and phenotypic level. In another study, fruit yield per plant was positively
correlated with fruit number per plant at both genotypic and phenotypic levels. The

negative association of fruit number per plant with days to flowering indicated that

selection should be based on these traits. Path coefficient analysis shown that

maximum emphasis must be given to fhiit number per plant and indices for
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improvement of fruit yield (Singh et al, 2005). Senapathi and senapathi (2006)

studied that fruit yield was significantly and positively correlated with fruit number

and ratio of length of peripheral seed ring. It had negative correlation with fruit

diameter and mesocarp thickness. Bansal and Mehta (2008) carried out correlation

and path analysis using 26 genotypes of brinjal and showed that yield per plant had

strong positive association with plant height plant spread, branches per plant and

fruits per plant at the genotypic level. Path analysis revealed that finits per plant

had maximum direct positive effect on yield, followed by fruit weight and days to

50 per cent flowering. Fruit yield displayed significant and positive genotypic as

phenotypic correlations only with fruit weight. Path coefficient studies explained

that fruit length, fruit weight exerted higher positive direct effect on fruit yield

(Naliyadhara et ai, 2007). Lohakare et al. (2008a) evaluated 23 genotypes of green
fruited brinjal and found yield per plant was closely associated with fhiits per
cluster, average fhiit weight and fruits per plant. Path analysis revealed that positive
direct effect on yield per plant through fruits per plant, average fhiit weight, days
to first harvest and primary branches. Marketable yield per plant significant positive

correlation with plant height, number of branches per plant, fruit length and fhiit

weight whereas it was having significant negative correlation with shoot borer

infestation. Considerable positive direct effect was exerted by branches per plant,
mean fruit weight, fitiit length and number of fruits per plant on marketable yield
whereas negative direct effect on marketable yield by plant height, fruit girth, shoot
and finit borer infestation was observed (Prabhu and Natarajan, 2008).

Strong correlation of number of branches per plant, fruit weight and weak

association of days to flowering with fruit yield. Path analysis revealed high direct
contribution of fruits per plant, and fruit weight on fruit yield, while days to
flowering exhibited negative direct effect (Dharwad et ai, 2009). Jadhao et al.

(2009) reported that the yield contributing characters viz., plant height, primary
branches per plant, days to last picking, fruit weight and fruits per plant showed
positive significant correlation with fruit yield per plant and path coefficient

analysis revealed that plant height, primary branches per plant, days to first

flowering, days to first picking, days to last picking, fiuit length and fruit weight
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showed positive direct relation with yield per plant In an another study, the

correlation with various physical character revealed that the per cent infested fruits

had significant positive correlation with per cent infested fruit weight, total fruit

weight, fhiit length, calyx length and fruit girth. The per cent fruit infestation had

significant positive correlation with total sugars (Shinde et al., 2009). Fruit weight

and fruit girth exhibited significantly positive correlations with marketable fhiit

yield per plant. Among the eleven yield component traits, fruit weight and number

of marketable fhiits per plant showed highly positive direct effect on marketable

fmit yield per plant (Chattopadhyay et a/., 2011), The fruit yield per hectare

exhibited highly significant and positive correlation with days to first flowering,

fruit set per cent, fruit yield per plant, number of fruits and fruits length at both

genotypic and phenotypic levels. These results indicate that simultaneous selection

for these characters would be rewarding in improving the fruit yield (Kafytullah et

al., 2011). The earliness showed positive association with fruit borer infestation

whereas marketable yield per plant had significant negative association both at

genotypic and phenotypic level with shoot and fruit borer infestation (Praneetha et

a/., 2011). Fruit yield showed positive significant genotypic and phenotypic

correlations with number of fhiils per plant, fruit weight, fruit length and fruit

diameter. The characters viz., number of fhiits per plant, average fhiit weight, fruit

diameter, fhiit length and number of branches per plant had positive and

significantly high direct effect on fhiit yield (Singh et al., 2011). Fruit number per

plant, fruit weight fruit girth and leaves per plant emerged as the most important

fruit yield contributing characters of brinjal and these characters may be used as

important selection parameters because of their probable conditioning by additive

gene action (Karak et al., 2012).Yield per plant showed positive correlation with

number of branches per plant, percentage of long styled flowers and number of

fhiits per plant. A significant negative correlation of yield was observed with days

to fu-st flowering, fhiit girth and fhiit weight. Characters viz., number of branches

per plant, number of fruits per plant, fhiit length, fruit girth, exerted positive direct

effect on yield. The characters like plant height, days to first flowering, percentage

of long styled flowers, fruit weight, calyx length and fruit borer incidence had
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negative direct effect on fruit yield per plant (Thangamani and Jansirani, 2012). In

a study, yield per plant had strong positive association with fruits/plant and primary

branches per plant at both phenotypic and genotypic levels. Path analysis indicated

fruit weight was one of the major contributory factors to yield, fruit girth and leaves

per plant being the others. Kranthirekha and Celine (2013) reported that, yield per

plant recorded positive correlation with per cent of long and medium styled flowers,

number of primary branches, fruit length, number of secondary branches, plant

height and fruits per plant. Negative correlation with fruit and shoot borer

infestation. Percentage of long and medium styled flowers showed high and

positive direct effect on yield. Fruit length, fruits per plant and number of primary

branches showed positive direct effect on yield. Arunkumar et al (2013) found
that number of primary branches, fruit girth, fruit weight and number of fruits per
plant had significant positive correlation with fruit yield per plant and fhiits per
plant followed by fruit weight had positive direct effect on fruit yield per plant
whereas fhiit length had negative direct effect on fruit yield per plant. In an
experiment in Bangladesh, significant negative correlations were observed between

fniit yield and fruit length; fruit yield and earliness parameters such as days to 50%
flowering and days to first harvest while fruit width, fruit weight and number of
fhuts per plant had positive correlation with fhiit yield (Solaimana et al, 2015). In
a recent study (Gangadhara and Abraham, 2016b) given fruit yield per plant showed

significant positive correlation with fruits per plant, fruit weight, fruit girth, plant
height, number of primary branches per plant, fruit length and long styled flowers
both at genotypic and phenotypic level. Path coefficient revealed that fruits per
plant showed high and positive direct effect on yield followed by fruit weight long
styled flowers, medium styled flowers and days to first harvest.

2.13 Selection Index

Selection index helps in selecting plants for crop improvement based on several

characters of economic importance. This method aims at simultaneous

improvement of several or multiple characters.
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Vadivel and Bapu (1991) conducted an index score character analysis of

some exotic eggplants. The types Murena (Netherlands), Solara (Netherland),

Nagpur type and Annamalai recorded the highest index score value and proved to

be excellent source for hybridization programme. The local types from Maharashtra

had higher scores from secondary branches and fhiits per plant, whereas Black

Beauty (USA) was superior for fhiit length, girth and weight. Such genotypes may

prove useful for the breeder, as the hybridization programme between them will

result in more variability for further selection and improvement. Chaattopadyay et

al (2011) evaluated thirty five diverse genotypes of brinjal for their morphological
and yield component characters and selection indices was worked based on

marketable fhiit weight and number of marketable fruits per plant for marketable

yield improvement. Bashar et al. (2015) have given selection index for 21 brinjal
genotypes and highest selection score was observed for Debjhuri Hajari followed
by Kajla, Sada Begun, BARJ-9 regarded as elite genotypes because of their well

response for yield and other yield enhancing traits. Kranthirekha (2011) has been
studied thirty four brinjal accessions collected from different parts of the country
were screened for yield. Selection index was worked out and the top ranking
accessions SM 49, SM 44, SM 23 and SM 41 were reported based on the highest
selection score.

2.1.4 Screening for Brinjal Shoot and fruit borer Incidence

2.L4J About Shoot and fruit borer (Leucinodes orbonalis) (Lepidoptera)

Brinjal shoot and fhiit borer (Lucinodes orbonalis Guenee) which reduces
the yield and inflicts colossal loss in production. The losses caused by pest vary
from season to season because moderate temperature and high humidity favour the
population build-up of brinjal shoot and fhiit borer (Shukla and Khatri., 2010),
(Bhushan et al, 2011). It is the most noxious and ubiquitous pest of brinjal (Naik
et al, 2008). The yield loss caused by this pest has been estimated up to 60- 70%
(Singh and Nath, 2010) and up to 100% if no control measures are applied
(Rahman, 2007). Hampson (1896) first reported the occurrence of this pest on
eggplant in India. Its infestation is the main constraint in brinjal production not only
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in Indian subcontinent but also in other Asiatic regions, Africa and North America

(CSL, 2006). At vegetative phase, the newly hatched larvae borer in to petioles

(Regupathy et al., 1997) and midrib of large leaves and young tender shoots they

feed on the intemal tissue causing the shoot drooped down and withered. At the

reproductive phase the larvae prefers to bore into flower buds and also enter into

the infested fruits through the calyx. Observing the boring holes, the infested fruits

can easily be identified. Besides, the dark coloured excreta can easily be seen to the

hole of infested fhiits. Single caterpillar may infest 4-6 fhiits (Atwal and Dhaliwal,

1999). Secondary infestations by certain microorganisms may cause further

deterioration of the fi*uits and make them ultimately unfit for human consumption.

Indiscriminate use of insecticides to control this pest contributed to the

development of insecticide resistance in Leucinodes orbonalis and resurgence of

whiteflies and mites in brinjal (Mishra and Mishra, 1996), Use of resistant varieties

is recognized as an important tool in bio intensive pest management system.

2,1.4,2 Per cent Shoot and Fruit Infestation by Shoot andfruit borer

Significant differences among genotypes were found for per cent shoot and

fiinit infestation in brinjal by shoot and fruit borer (BSFB) in earlier reports are as
fallows. The average percentage of infestation for the total picking ranged from
33.65 to 53.02% among cultivars (Kumar and Shukla, 2002). Jat et al. (2003)
reported 3.28 tol2.71% variations in shoot infestation and 20.23 to 45.61% in fioiit

infestation among 10 different varieties of aubergine. The lowest shoot infestation

(3.28%) was observed in Arka Kasumkar. Another study by Senapati (2003) also

recorded very low shoot infestation (4 to 11.1%) during screening of twelve

aubergine cultivars against BSFB. In another study, the mean shoot infestation

ranged between 3.01-7.81 and 1.18-5.88 per cent in various genotypes in 2003 and

2004 respectively in Palampur, Himachal Pradesh. Less fruit damage by shoot and

fimt borer was recorded as 2.26 and 5.14% during 2003 and 2004, respectively
while maximum fhiit damage was recorded as 72.9 and 63.5% during 2003 and

2004, respectively (Patial et al., 2008). The yield losses by this pest ranged from

0.22 to 2.22 q/ha as estimated on the basis of inconsumable part of the damaged
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fruits and 0.74 to 8.14 q/ha when the whole part of the damaged fruits was taken

into consideration. The average losses due to this pest on brinjal fruits were 7.30%

inconsumable, 18.02% consumable and 25.33% of total yield was given by Haseeb

et al. (2009). BSFB infestation commenced first on shoots in Pusa Purple Round

with 9.7% in 2003 and 11.6% in 2004 and reached its peak on shoot with 25.80%

in 2003 and 31.4% infestation in 2004, respectively. The infestation of the borer on

brinjal fruit was noticed as 24.64% in 2003 and 12.50% in 2004 (Singh et al, 2009).

Javed ei al (2011) recorded a range of shoot infestation 19.27 to 43.15% in 2007

and 15.81 to 33.75% in 2008 as well as fhiit infestation 24.75 to 58.60% in 2007

and 21.57 to 48.09% in 2008. Similarly, the mean per cent shoot infestation ranged

from 2.22 to 9.42% during kharif (rainy) season and 1.33 to 8.77 % during rabi
(winter) season. The pooled percentage of infected fiaiits per plant ranged from

8.94% to 44.67% on number basis whereas 9.01 to 44.52 % on weight basis was

reported by Wagh et al (2012). Shinde et al (2012) studied shoot and fhxit borer

incidence and recorded 25.28 to 40.21% fruit infestation on weight basis and 27.12
to 37.85% on number basis during kharif season. Kumar era/. (2013) conducted an

experiment with 14 lines of brinjal during kharif season and found that the mean

per cent shoot infestation was 22.90% that ranged from 17.89 to 27.87% while

mean per cent fruit infestation was 38.45% with a range of28.89 to 41.29%. During

autumn-winter season the per cent shoot infestation was found between 17.89 and

4.69% with a mean value of 28.49% whereas mean per cent fruit infestation was

41.89 % with a range of 37.59-8.86% (Kumar and Arumugam, 2013). Mean shoot

infestation was noticed to be 14.37, 9.19, 3.75, 1.42 and 1.92 % in 43, 45, 46 and
47th standard weeks irrespective of genotypes respectively. Shoot infestation

showed a decreasing trend in these weeks. The fruit infestation during first three
weeks i.e., 43, 44 and 45th standard weeks remained below 30%, the values being
18.59, 25.77 and 28.80% in respective standard weeks indicating that during these
weeks, major infestation was on shoots, which shifted gradually to fruits (Malik
and Pal, 2013). In mid altitude hills of Meghalaya, the highest shoot and fruit

damage were recorded by shoot and fruit borer with 20.43 and 32.76%, respectively
(Bhumita et al, 2014). Payal et al (2015) observed that variety Swamamani (35.58

30
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%) can be rated as more susceptible to shoot and fruit borer with heavy damage

than other varieties and 2010/BRLVAR-l was less susceptible (5.20%) to shoot

and fruit borer. Nirmala and Irene (2016) reported that, genotypes ABSR-2 has

shown least infestation (14.51%) to shoot and fruit borer attack.

2.L4.3 Field Screening of Genotypes for Shoot andfruit borer Susceptibility and

Resistance

Research at AVRDC identified an eggplant accession (EGOS 8) that

consistently suffered less damage to shoots and fimits (AVRDC, 1999). Pusa purple

long and Pundibari were under focus in a two year study to check their

susceptibility against brinjal shoot and fruit borer, degree of damage and crop yield.

Ghosh and Senapati (2001) found both of them to be highly susceptible to this pest.

Singh and Singh (2001) screened twenty-nine aubergine cultivars for resistance to

BSFB in a field experiment during the kharif season of 1994 and 1995, in

Meghalaya, India. None of the cultivars was resistant to the pest, but 3 (Kuchia

(HRS-4) followed by Pithoria and Lata Begun), 5 and 8 cultivars were highly
tolerant, tolerant and moderately tolerant, respectively. Eleven and 2 cultivars were

susceptible and highly susceptible. Kumar and Shukla (2002) carried out an

experiment during kharif season in Rajasthan, India, to investigate the varietal

preference of BSFB on brinjal. Pusa Purple Round showed the lowest percentage
of infestation (33.65%), which was at par with those of 6 other cultivars, namely,
MHB 2 (36.53%), Pusa Purple Long (37.07%), Eggolesster (37.46%), Jhumka

(41.04%), Fi Hybrid (41.15%) and MHB-3 (41.85%). They also mentioned that

local cultivar recorded the highest percentage of infestation than the released

cultivars. Another experiment the AVRDC accession EG058 was tested with a

known susceptible check (EG075) in Bangladesh, India, Sri Lanka and Thailand.

In most places except Bangladesh, it was less damaged than EG075 (Alam et al.,

2003). A field experiment was conducted by Yadav and Sharma (2005) to evaluate

eleven brinjal cultivars for their resistance to BSFB. They categorized those

cultivars into three classes; Pusa Purple Long, Brinjal Green Long, and Selection

Puja as less susceptible with <25% infestation, Pusa Hybrid-5, Pusa Kranti, Kokila,

3



3^?

Pusa Upkar and Aarti moderately susceptible (25-35% infestation) and Narkiran,

Pusa Uttam and Pusa Hybrid-6 were highly susceptible (more than 35%

infestation). Hazra et al. (2007) screened brinjal genotypes for shoot and fruit borer

resistance in West Bengal and reported that out of 70 genotypes 40 were most

susceptible, 13 were highly susceptible, 9 were susceptible, 7 were moderately

susceptible and Iwas least susceptible. Brinjal commercial Fi hybrid Turbo was

grown in Thailand and two Bangladesh accessions viz., BL009 and ISD006

possessed appreciable levels of resistance in Taiwan (Srinivasan, 2008). On the

basis of mean shoot infestation was stuied and recorded seven genotypes were rated

as moderately resistant, sixteen as susceptible and five as highly susceptible but the

wild brinjal genotypes, Solanum uporo exhibited minimum shoot infestation.

Among the genotypes, the least fhiit damage was recorded in Solanum

integrifolium (2.26 and 5.14% during 2003 and 2004, respectively). The highest

fruit damage (72.90%) was recorded in CH-309 followed by JC-7 (57.50%) during

2003. However, fruit damage was the highest in Pusa Kranti (63.51%) followed by

Jamun Gola (62,21%) during 2004. Based on the mean fruit infestation, five

genotypes were rated as resistant, eleven as moderately resistant, eight as

susceptible and four as highly susceptible to fruit infestation by shoot and fruit

borer (Patial et aL, 2008). Significantly less fruit infestation (29%) by shoot and

fruit borer was exhibited by the resistant genotype HLB-12 than the highly

susceptible genotypes (42.00 to 61.50%) as per Chandrasekhar et al. (2008).

CultivarNaeelam showed maximum fruit damage (58.60 and 48.09%) followed by

Black long (47.93 and 33.31%), while minimum was noticed in Nirala with 24.75

and 21.57% fruit infestation during 2007-08 and 2008-09 respectively. Similarly,

shoot infestation was found to be maximum in Naeelam (43.15 and 33.75%)

followed by K.anha-091 (37.72 and 28.73 %) and Nirala was least attacked by the

pest shown 19.27 and 15.81% shoot infestation during 2007-08 and 2008-09,

respectively (Javed et al, 2011). The maximum per cent fruit damage by BSFB

was recorded on the cultivars such as Krishna (35.32), Pusa Anmol (33.27), Pusa

Purple Cluster (32.18) while the minimum recorded on the Navkiran (13.72) and

Pusa Purple Long-74 (17.63) whereas the maximum per cent shoot damage was
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recorded on Krishna (5.82), Pusa Aiunol (4.74) and Pusa Purple Cluster (3.73)

whereas the minimum was recorded on the Navkiran (2.81) and Pusa Purple Long-

74 (2.13). So the Krishna was the susceptible cultivar than other cultivar whereas

the Navkiran was showed as the resistant cultivar against the brinjal fruit and shoot

borer (Kumar and Raghuraman, 2014).

Panda et a/. (1971) screened 19 brinjal varieties for resistance to shoot and

fruit borer {L orbonalis) and found that varieties like Thorn Pendy', Black Pendy,

H- 407 were highly resistant. Dhankar et al. (1977) observed some varieties of

brinjal along with its wild types and found that the varieties Aushey and PPC-2 and

wild type Solarium sisymbrifolium are resistant to shoot and fruit borer. They also

found that this pest cause about 63% yield loss. Raut and Sonone (1980) reported

that the varieties H-4, PPL, Pusa Kranti and SM-4] showed tolerance to shoot and

fruit borer. A-61, Arka Kususmakar, AC 3698, Kalyanpur, T-2, Long Green,

Muktakeshi, Nimbkar Green, Pusa Kranti, SM-2 and SM-213 showed resistance to

shoot and fruit borer (Mote, 1981). Relative tolerance was found in Pusa Kranti,

H-4 and A-61 and Arka Kusumakar (Subbratnam and Butani, 1981). 13 brinjal

cultivars studied by Baksha and Ali (1982), none was resistant to L. orbonalis.

Moderate tolerance to shoot infestation was noticed in Baromashi, Jhumki, Indian

and Bogra special whereas fruit infestation was noticed in Noyankajal, Singnata,

Japani, Jhumki, Indian and Baromashi. Tolerance to both shoot as well as fruit

infestation was highest in Jhumki, Indian and Baromashi. Nair (1983) evaluated 40

accessions and reported that SM-88, Solanum indicum and S. incanum were

resistant. SM-1, SM-45, SM-48 and SM-71 were moderately susceptible. SM-6,

SM-56, SM-72 and SM-74 were highly susceptible. Nathani (1983) reported that

ringan giant, PPC and SM-62 were tolerant to shoot and fruit borer. Kabir et al.

(1984) evaluated 12 brinjal varieties of which the variety Singnath had shown

lowest infestation whereas, Duodo (1986) found that fruits of Black Beauty and

Florida Market were significantly least infested. Pawar et al. (1987) screened 32

varieties and 22 local accessions of brinjal against fruit borer and identified Banaras

giant, S-34, Arka Kususmakar, SM-125, S-258, SM-62, P 5-8, SM-2, S 2070 and

Six Seer as most resistant varieties to Leucinodes orbonalis. Among the local
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accessions^ Malkapuri, Shirur, Khandala, Khamapur were resistant to fruit borer.

Studies on 150 eggplant cultivars by Singh and Sindhu (1988) showed that the

variety Punjab Chamkila was the most susceptible to Leucinodes orbonalis. SM-

17-4 was the most resistant. PPC and PBR-129-5 were fairly resistant. Darekar et

al. (1991) screened nine varieties of brinjal against shoot and fruit borer and

identified PBR-129-5, Arka kususmakar and wild brinjal as resistant varieties.

Mukhopadhyay and Mandal (1994) exposed the experimental plots to natural

infestation of major insect pests and found that Nischindipur Local, Muktajhuri,

Shyamala Dhepa, Banaras Long Purple and BBI were tolerant to shoot and fruit

borer. Nazir et al. (1995) studied 13 varieties and none of them were shown

tolerance to fruit borer and all were severely infested. The lowest attack of 19.20%

was observed in genotype 88066-2, while the highest value of 38.54% in genotype

White Egg Round. Srinivas and Peter (1995) conducted an experiment on 18 brinjal

cultivars and shown that Arka Kusumakar, Arka Shirish and Neelam were

significantly less infested by L orbonaslis than Early Long Fellow and Nagpur
Round. In another study was done by Ram (1997) and reported brinjal varieties viz.,

Annamalai, Pant Samrat, Bhagyamati, Aushay, PPC, AM 62, Solarium gilo and S.

anomalum were tolerant shoot and furit borer. Awasthi (2000) studied the

susceptibility of 12 brinjal genotypes to L. orbonalis and lowest fruit infestation

values were recorded for the genotypes Nurki (27%) and CH-150-16-4-1 (20%).

Elanchezyan et al. (2008) screened 25 genotypes and categorized as highly
resistant, fairly resistant, tolerant, susceptible and highly susceptible. Out of 25

genotypes, Sweta and Ravaiya recorded the lowest shoot and fruit damage and

designated as highly resistant to L orbonalis based on the fruit damage (1-10%).

Eighteen eggplant accessions were evaluated for resistance to shoot and fruit borer.

Minimum mean infestation in fruits was found in genotype Punjab Sadabahar,

2010/ BRLVAR-3, 2010/BRLVAR-l, 2010/BRLVAR- 4 while maximum mean

infestation in fruits was recorded in Swamamani (Payal et al, 2015). Nirmala and

Irene (2016) studied influence of biophysical and biochemical characters of brinjal

genotypes on the infestation to shoot and fruit borer. Among the genotypes, ABSR-

3^
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2 was found least attacked by the borers recording minimum percentage of fruit

infestation with maximum marketable yield.

2,1.4.4 Morphological and Biochemical Basis ofResistance

Resistance shown by Solarium incanum, S. integrifolium and S. khasianum

are due to tightly arranged seeds in mesocarp of fruit (Lai et al, 1976). Dhooria and

Chadha (1981) reported that round fruited varieties are more attacked than long

fhiited varieties. According to Ahmed et al. (1985) long narrow fruits had less

infestation. Mishra et al. (1988) also observed shoot and fioiit borer resistance in

long fruited variety Katrain - 4. Anatomical characters like tightly arranged seeds

in mesocarp, thick fruit skin. Long fruited varieties were less infested than those

with spherical fruits (Pradhan, 1994).

Gupta and Kauntey (2008) reported that varieties with dark purple or white

coloured fruits were more susceptible (damage 54.65- 64.00 per cent) and those

with light purple, purple or green colours were less susceptible (24.38-36.05 %) and
also reported that the varieties with less RLPS (Gulabi Dorla, Punjab Chamkila,
Baingan Sada Bahar) suffered more fruit damage (36.05 %) and Varieties (SM 17-
4, PPC) with less RLSA (0.30) suffered less fhiit damage as compared to other

varieties (damage > 28.06%). In another study revealed that compact seed ring with
closely arranged seeds in mesocarp were found to be resistant/tolerant to brinjal
shoot and fruit borer (Hossain et al., 2002; Javed et al., 2011; Amin et al., 2014).
Several workers like Kalloo (1988), Doshi et al. (1998), Hazra et al. (2004), Asati

et al. (2004), Chandrasekhar et al. (2008), Shinde et al. (2009), Padgilwar et al

(2009), Bhattacharya et al. (2009) and Praneetha et al. (2011) reported that

resistance to BFSB is attributed to biochemical constituents like glycoalkaloid

(solasodine), phenols, tannins, fibre, ash, silica, minerals like Cu, Mn and Fe and

phenolic oxidase enzymes namely poly phenol oxidase and peroxidase. Thus, both

morphological and biochemical characteristics were playing major role in brinjal
shoot and fruit borer management. Doshi et al (1998) suggested that selection of

genotypes with higher glycoalkaloid (solasodine) content, total phenols and

polyphenol oxidase activity would help improve resistance to shoot and fruit borer
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infestation without compromising yield potential. The per cent of fruit infestation

decreases with the increases in number of seed per gram flesh of brinjal fruit. The

variety having compact seed ring (BL009 and wild S. torvum) with closely arranged

seeds in mesocarp showed less infestation while variety with less compact seed ring

with distantly arranged seed (BARI Brinjal-1) suffered more fruit infestation (Amin

etal. 2014).

Bajaj et al. (1989) suggested that low incidence of fruit borer infestation is

associated with higher levels of glycoalkaloids, peroxidase and polyphenol in fruits.

Hazra et al (2004) observed that thick terminal shoot, long and wide calyx and

plumpy fruits of high weight imparts susceptibility while low moisture, sugar and

protein content were associated with tolerance. Doshi et al (1999) reported that

amino acids and sugar content (total and reducing sugars) showed a highly positive

and poly phenol oxidase, phenylalanine ammonialyase, peroxidase and

glycoalkaloids showed a highly negative correlation with shoot and fruit borer

infestation. Elanchezhyan et al (2009) reported that hybrid Swetha as highly
resistant to borer and recorded the total phenols (7.6 mg/g) and total sugars (5.8

mg/g) while Bejo Sheetal, recorded the lowest total phenols (1.9 mg per g) and
highest total sugars (18.0%). Prabhu et al (2009) investigated the biochemical

basis of host plant resistance for shoot and fruit borer of brinjal using selected
genotypes from the back crosses involving cultivated brinjal varieties and S.

viarum. The different levels of biochemical constituents namely peroxidase, poly
phenol oxidase, total phenols and solasodine contents were observed and reported
that clear correlation exists between the levels of biochemical constituents of

superior genotypes and resistance to shoot and fruit borer.

Imtiaz et al (2015) has observed positive association of total sugars and

negative association of total phenols with shoot and fruit borer infestation. Payal et

al (2015) and Niranjana et al (2015) reported that calyx length had positive
association with SFB fruit infestation. Nirmala and Irene (2016) reported that, fruit

infestation was positively but not significantly correlated with calyx length and total
sugars. Phenols had significantly negative correlation with fruit infestation.
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2.2. EXPERIMENT II: LINE X TESTER ANALYSIS

2.2.1 Heterosis

In the history of the development of the scientific concepts and their

applications for the benefit of agriculture, heterosis deserves a prominent position.

The term heterosis refers to the phenomenon in which Fi shows increased or

decreased vigour over the parent. Shull (1908) referred to this phenomenon as the

stimulus of heterozygosity. The occurrence of heterosis is common in plant species

but its level of expression is highly variable. Heterosis (hybrid vigour) is the

superiority of hybrid over its parents when mean of the two parents is considered,

it is called heterosis over mid parent. Generally the term hybrid vigour is used to

denote heterosis in the dissimilar direction and the heterosis over mid parent, better

parent and standard check (ruling variety/hybrids) is designated as heterosis,

heterobeltiosis and standard heterosis, respectively.

The earliest recorded instances of artificial hybridization in eggplant were

evidently those carried out by Bailey and Munson in 1892. However none of the

hybrids exhibited heterosis but were intermediate between the parents.
Subsequently Halsted (1901) reported that one of his crosses had double the size of

the parents and also yielded more. In the Philippines Bayla (1918) hybridized some

local varieties and found that the hybrids were more vigorous, stronger and healthier

than the respective parental lines. In Japan, Nagai and Kida (1926) studied certain

quantitative characteristics in the hybrids and found that heterosis was manifested

in total yield and its traits. Tatesi (1927) observed higher productivity in certain

crosses between Japanese brinjal varieties. Kakizaki (1928) reported the occurrence

of remarkable hybrid vigom in the crosses with regard to seed weight, stem
diameter and height in brinjal.

Heterosis being a complex phenomenon, no conclusive or clear-cut

explanation is available to account for its mamfestation. However, several theories

have been put forth to explain heterosis like dominance (Davenport, 1908; Keeble

and Pellew, 1910; Bruce, 1910 and Jones, 1917), over dominance (East, 1908 and

Shull, 1909), epistasis (Jinks, 1955; Hayman, 1957; Bauman, 1959; Sprague etaL,
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1962; Gamble, 1962 and Sprague and Thomas, 1967) and mitochondrial

complementation (Hanson e/a/., 1960; McDaniel, 1972 and Shrivastava, 1972).

In India, the first attempt to hybridize eggplant appears to have been made

by Rao in 1934, however, in the cross between two wide varieties, a high degree of

partial sterility due to abortive pollen was observed. Venkataramani (1946) reported

that hybrid egg plants were taller, spread more, flowered earlier than the early parent

and yielded more than either parent. In the same year. Pal and Singh (1946) reported

that majority of the hybrids exhibited heterosis with respect to seed germination,

plant height, plant spread, number of branches, early flowering, number of fruits per

plant, fruit size and frmt yield. Heterosis reported for yield and its components by

various workers are presented in Table 1.

2.2.2 Combining Ability

A detailed knowledge on the magnitude and nature of genetic variances in

breeding material is of prime importance for fonnulating a sound breeding
programme for any crop. Combining ability is the ultimate factor in determining its

usefulness for hybrids. The importance of combining ability has been well

emphasized because often phenotypically promising parents don't give desired
cross combinations and produce superior offspring in segregating generations

whereas some combinations may give promising segregants. Allard (1960)
explained that the ability of the parents to combine well depends on complex
interaction among genes and cannot be adjudged by mere yield performance and

adaptation of parents alone. The ability of a parent to combine well and to produce

promising segregants in succeeding generation is an important criteria in selection

of parents for successful hybridization programme. The concept of combining
ability first proposed by Sprague and Tatum (1942) in com is useful for selection

of parents which can produce superior hybrids. The superiority of the Fi hybrids

depend on the parent material used to produce Fi which involves the action and

interaction of dissimilar gametes in the heterozygotes. Hence information on the

general combining ability igca) of the parents and their gene action and specific

5^
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combining ability {sea) of the crosses and their magnitude of heterosis is vital for

the selection of parents in the breeding programmes.

The general combining ability {gca) is the average performance of a

genotype in cross combinations involving a set of other genotypes. It is the

deviation of the mean performance of all crosses involving a parent from overall

mean. Specific combining ability {sea) is the relative performance of a specific

cross combination. It is the deviation in the performance of a specific cross from

the performance expected on the basis of general combining ability effects of

parents involved in the cross. The gca variance is due to additive variance, whereas,

sea variance is due to dominance and epistatic (additive x additive, additive x

dominance and dominance x dominance) variance. In other words, the gca and sea

variances act as diagnostic tools to detect the additive (linear) and non-additive

(non-linear) gene action. This helps in selection of suitable parents or cross

combination(s).

Earliest studies on combining ability in brinjal were reported by Odland and

Noll (1948). They reported that, the hybrid combination between lower yielding

parents produced more yields. General combining ability {gca) is "the average

performance of a line in a series of hybrid combinations and specific combining

ability is "the deviation of certain crosses from the average performance of the

lines". Henderson (1952) defined specific combining ability as deviation of an

average value which would be expected on the basis of known general combining

ability of two lines. Regarding the combining ability of parental lines in brinjal,

two aspects were worth considering. One is that in several cases the best hybrids

were obtained by crossing vridely different varieties (Kakizaki, 1928), while only

in a few instances wide crosses resulted in partial sterility in the hybrids (Rao, 1934

and Jasmin, 1954). This should be of particular interest to workers in India, where

a great number of varieties possessing considerable genetic variability exist. The

other aspect is that the hybrids of high productivity may result from parents of very

low productivity (Sambandam, 1962).

3^



The choice of parental material in a breeding programme is very important,

since it puts a limitation on the possibility of isolating the genotypes outside the

frame work of the genetic makeup of the parents. Hence the selection of parents

must be done very precisely. In order to fulfil this goal, combining ability studies

become useful. As it provides information or nicking ability pertaining to gene
actions of parents for various traits. Several methods have been developed to

estimate the general and specific combining ability of different genetic material viz.,

inbred variety cross or top cross technique (Jenkins and Brunson, 1932), polycross
(Tsydal et al., 1942), diallel cross (Griffrng, 1956), line x tester analysis

(Kempthome, 1957), partial diallel cross (Kempthome and Cumow, 1961) and
triallel cross (Rawlings and Cockerham, 1962).It is essential to understand the types
of gene action and their importance in determining the traits of interest to the

breeders for increasing the efficiency of the breeding programme. The knowledge
of various types of gene action and their relative magnitude in controlling the trait
is important in deciding proper breeding techniques (Miller et al, 1980). The
available literature pertaining to combining ability in brinjal is presented in Table 2.

2.3 EXPERIMENT III

2.3,1 Molecular Analysis of Fi Segregants

Michelmore et al (1991) used bulked segregant analysis to identify markers
linked to downy mildew resistance gene in nature using RAPD and RFLP. The two

bulked DNA samples were generated from the segregating population from a single
cross. The two bulk were genetically dissimilar in the selected region but

heterozygous at all other regions. One bulk was having the lettuce plant showing
the resistance while the other was having the susceptible plants. Both the bulks were

screened for difference using RAPD and RFLP probes. By BSA, was identified that

3 random amplified polymorphic DNA markers in lettuce linked to a gene for

resistance to downy mildew. Markers (OPF-12, OPH-04 and OPH-15) were found
to be 25 cM on either side of target locus.

Karthikeyan et al (2005) studied six different populations of i. orbonalis
were collected and subjected to analysis of genetic variability in terms of
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carboxylesterase isozyme pattern and DNA polymorphism using RAPD-PCR.

Pattern of carboxylesterase revealed a similar isozyme cluster in the populations

namely, sivaganga (population-3), dindigal (popuIation-4), virudhunagar

(popuiation-5) and coimbatore (population-6). Similarly, the populations of L.

(Irbollaiis recorded 3 distinct randomly amplified polymorphic DNA markers in all

populations grouped above. This pattern of genetic variability in the populations

was also supported by the analysis of the similarity indices and UPGMA

dendrogram.

Marimuthu et al (2009) analysed shoot and fruit borer, Leucinodes

orbonalis (Guenee) (Pyraustidae: Lepidoptera), has become a production constraint

in all eggplant {Solarium melongena Linn. \Solanaceae\) growing countries. In

India, transgenic eggplants expressing Bacillus thuringiensis Cry toxins have been

tested in fields by private- and public-sector agencies. Understanding population

diversity is important in designing strategies for better pest management. In the

present investigation, random-amplified polymorphic DNA markers were used to

assess the genetic diversity ofL. orbonalis population collected from different field

locations in the Tamilnadu State of India. Of 17 random-amplified polymorphic
DNA primers screened, only 11 primers generated polymorphic bands (up to 14

bands). According to their level of similarities, only two major clusters with no

variation among population were deduced. Our results indicated that there is a

steady genetic flow among the present population ofL orbonalis alleviating genetic

variation, which may be attributed to passive and active dispersal of the insect

besides absence of host-induced variations among the population. As molecular

variability of L orbonalis population is an important consideration for shoot and

fruit damage of the eggplant, constant monitoring is essential to study the possible

development of Cry protein resistance in L orbonalis,

Shashank et al (2015) foresighted shoot and fruit borer, Leucinodes

orbonalis is an important insect pest infesting brinjal or eggplant in India.
Molecular characterisation of nine different populations belonging to various
brinjal growing regions was done using Cytochorome C Oxidase I (COI) gene.
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Nucleotide analysis of genetic diversity and phylogenetic analysis of the COI

indicate that the L. orbonalis from different geographical regions are homogenous.

The results showed less nucleotide diversity (7: = 0.007895) and overall mean

distance (0.008 ± 0.003). Topologies of neighbour-joining (NJ) trees indicate all

the populations belong to single major clade. Therefore, it is inferred that there was

no significant molecular diversity within L. orbonalis of different geographical

locations of India with respect to COI.

Geetharajalakshmi et al. (2006) studied the genomic DNA of different

populations belonging to different eggplant growing regions for RAPD profiles, for

understanding the intraspecific variation among them. Twenty-five "lepidopteran
specific random primers" were used in this analysis, which generated a lotal of 279

markers revealing an average of 10-12 markers per primer in each popliialio. The
primers generated polymorphic markers (249), monomorphic markers (35) wilh a
percentage of polymorphism (87.6). The per cent of polymorphism ranged from

46.15-100 for different primers. The results are discussed in relation to the genetic
relation-hjp among the ten populations.

Khorsheduzzaman et al. (2008) investigated five brinjal {Solanum
melongena L.) genotypes were selected for characterization using Simple Sequence
Repeats (SSR) markers. All the genotypes showed considerable variation in respect
of morphological, anatomical and biochemical aspects. For study of relatedness,
plant genomic DNA was extracted by CTAB based method using 11 randomly
selected primers produced from Calgene Inc. USA. The primers developed 22
bands through PCR amplification out of which 15 from 3 primers and were
polymorphic. Genetic similarities of SSR profiles were estimated based on

Jaccard's coefficient value. The dendrogram generated two clusters and they were
clearly distinct and separated from each other. Cluster-I consisted of genotypes
TURBO and BL009; and cluster-Il comprised of genotypes EG058, EG075 and

ISD006. Genotype TURBO and BL009 were identified as the diverse genotype and
showed a maximum of 17% dissimilarity from EG058, EG075 and 1SD006. The

similarity value ranged from 0.83 to 1.00 which indicated the presence of narrow
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range of genetic diversity at molecular level but have still a possibility of crossing

among the genotypes of two clusters. The banding pattern of different genotypes

could be utilized as reference for further comparisons.

Ghante et al. (2013) analysed genomic DNA of ten different populations of

Leucinodes orbonalis G. from North Kamataka for genetic variation among them.

Fourty decamer primers were used in this analysis, which generated a total of 244

markers revealing an average of 14.35 markers per primer in each population.

Genetic relationships between the populations were evaluated by generating

similarity matrix (based on Jaccard's index) and phonetic dendrogram was

generated (by UPGMA method). Principal component analysis separated 12

populations into different groups based on band-sharing data. Populations showed

varied degrees of genetic similarity within the range of 0.04 -0.52.

Chang et al. (2014) studied and helped to reduce the impact of this pest,
population genetic diversity and structure ofZ. orbonalis in eight populations from

six countries using mitochondrial cytochrome c oxidase subunit I DNA sequences.
No correlation between genetic diversity and geographic distance was detected

among populations. Low levels of haplotype and nucleotide diversities were

observed in the Philippines population, suggesting recent colonization. No

significant gene flow was found among local populations in different countries. The

Vietnam population is highly differentiated, indicated by significant pairwise FST
values, and may be ascribed to a new subspecies or race. India was confirmed to be

the source of genetic variation in L. orbonalis populations. Our study showed that

L orbonalis formed subpopulations for each local region, and the corresponding
pest management technology should be developed at the country scale.
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3. MATERIALS AND METHODS

The materials used and methods followed during the course of present

investigation are briefly described here.

3.1 GENERAL DESCRIPTION

3.1.1 Experimental Site

The experiment entitled "Inheritance of yield and resistance to shoot and

fruit borer {Leucinodes orbonalis Guen.) in brinjal {Solarium melongena L.)" was

conducted at the Department of Plant Breeding and Genetics, College of

Agriculture, Vellayani, Thiruvananthapuram, Kerala during the period 2012-2015.

3.1.2 Experimental Location

The experimental site was located at 8® 5' N latitude and IT I'E longitude

at an altitude of 29 m above mean sea level. Predominant soil type of the

experimental site was red loam belonging to Vellayani series, texturally classified

as sandy clay loam.

The study was conducted in three separate experiments.

Experiment I: Collection and evaluation of germplasm

Experiment II: Line x Tester analysis

a) Raising parents and development of hybrids

b) Field experiment for evaluation of Fis and parents

Experiment III:

a) Field Screening of F2 segregants for resistance to shoot and fruit borer.

b) Molecular analysis of F2 segregants

6.3
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3.2 EXPERIMENT I: COLLECTION AND EVALUATION OF GERMPLASM

3.2.1 Materials

The experimental material comprised of sixty germplasm lines of brinjal,

which were collected from different parts of the country. The list of the evaluated

genotypes along with their sources has been illustrated in Table 3.

3.2.2 Methods

3,2,2.1 Design and Layout

The experiment was laid out in a randomized block design with sixty

treatments and two replications in two parallel experiments in two seasons (kharif

and rabi-2013). Thirty days old seedlings having 8-10 cm height were transplanted

into the main field at a spacing of60 x 75 cm. The crop received timely management

practices as per package of practices recommendations of Kerala Agricultural

University (KAU, 2011). Since main thrust was given for screening of the

accessions for yield and tolerance to shoot and fruit borer under field conditions,

pesticide application was avoided to allow natural infestation.

3,2,Z2 Biometric Observations

Five randomly selected plants were tagged in each entry to record the

observations and the average from these five plants was worked out for statistical

analysis.

3.2.2.2.1 Piant Height (cm)

Height of five randomly selected healthy plants was measured in centimeter

from collar region to the tip of the main stem at the time of final harvest and average

height was calculated.

3.2.2.2.2 Number of Primary Branches

Number of branches arising from the main stem was recorded from all the

sample plants at the peak harvest stage and average was worked out.

63



Table 3: Brinjal accessions used for evaluation

S.N Name of the genotype Place of collection Colour

1 IC-89986 NBPGR, New Delhi Deep purple

2 IC-345271 NBPGR, New Delhi Pale green
3 IC-90933 NBPGR, New Delhi Green

4 IC-261839 NBPGR, New Delhi Green with white stripe
5 IC-343738 NBPGR, New Delhi Light green
6 IC-89910K NBPGR, New Delhi Purple
7 IC-421197 NBPGR, New Delhi Pale green white stripe
8 IC-89910-B NBPGR, New Delhi Brown

9 Raidurga Local Andra Pradesh Purple
10 EC-384606 NBPGR, New Delhi Greenish white
11 EC-305013 NBPGR, New Delhi Purple
12 EC-305105 NBPGR, New Delhi Purple
13 EC-467273 NBPGR, New Delhi Light green
14 Jagalur Local Kamataka Pale green
15 EC316225 NBPGR, New Delhi Light purple
16 Hiriyur Local Kamataka Light green
17 Kolar local Kamataka Purple
18 Selam local TamilNadu Purple
19 Hosur local TamilNadu Purple
20 Nagendra Kamataka Green

21 Tiptur local Kamataka Green

22 Rampur Local Kamataka Purple white stripe
23 Brinjal H-8 Hissar Purple
24 BR-112 Hissar Light purple
25 Mallapura Local (P) Dharwad (KA) Purple
26 Mallapura Local (G) Dharwad (KA) Green with white stripe
27 Manjarigotta Kamataka Purple with white stripes
28 IC-169084 NBPGR, New Delhi Green with white stripe
29 Early round market Kamataka Light green
30 Gunthu vankaya Andra Pradesh Green

31 Kasaragodu Local Kerala Green

32 IC-345275 NBPGR, New Delhi Purple
33 MDU-1 TamilNadu Purple
34 Hiriyur Local Kamataka Green white stripes
35 Bhagyamathi Andra Pradesh Deep Purple
36 IC-433678 NBPGR, New Delhi Green

37 White Brinjal Kerala White

38 IC-90099 NBPGR, New Delhi Purple
39 IC-90910 NBPGR, New Delhi Light green
40 K -90036 NBPGR, New Delhi Pale purple
41 K -35455 NBPGR, New Delhi Pale purple



^3

42 IC -354227 NBPGR, New Delhi Green

43 IC -354647 NBPGR, New Delhi Purple
44 IC-374927 NBPGR, New Delhi Deep purple
45 IC-383099 NBPGR, New Delhi Purple
46 K -90068 NBPGR, New Delhi Purple
47 IC -90917 NBPGR, New Delhi Purple
48 IC -99677 NBPGR, New Delhi Purple
49 IC -99719 NBPGR, New Delhi Purple
50 IC -332998 NBPGR, New Delhi Deep purple
51 IC -383103 NBPGR, New Delhi Light green
52 Mullu badane Kamataka Green

53 Rampur local Kamataka Green with white stripes
54 Brinjal long Black Maharashtra Deep purple
55 Nagapur Local Maharashtra Purple with white stripes
56 Nagendra Maharashtra Light purple
57 Pune Local Maharashtra Green

58 Molakalmur Local Kamataka Green with white stripes
59 Vellayani Local Kerala Light purple
60 Pusa purple cluster lARI, New Delhi Deep purple

6 s
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3.2.2,2.3, Days to First Flowering

Number of days from the date of transplanting to the first flowering of

observational plants was recorded and the average was obtained.

3.2.2.2.4 Total Number of Flowers

Number of long, medium and short styled flowers were counted starting

from the commencement of flowering till its completion and expressed as

percentage of total number of flowers.

Percentage of long styled flowers , Ntmtber of long styled flowers ^
Total number of flower

Percentage of medium styled Number of medium styled flowers
flowers Total number of flower *100

Percentage of short styled Howers = Ntmtber of short styled flowers
Total number of flower

X 100

3.2.2.2.5 Intra and Inter Cluster Distance (cm)

Five fhiit clusters were randomly selected per plant and distance of within

the fhjit clusters was measured for intra cluster distance whereas distance of

between the fruit clusters was measured for inter cluster distance.

3.2.2.2.6 Days to First Harvest

Number of days from the date of transplanting to the first fruit harvest of

observational plants was recorded and the average was obtained.

3.2.2.2.7Days to Last Harvest

Number of days from the date of transplanting to the last fhiit harvest of

observational plants was recorded and the average obtained.

3.2.2.2.8 Length of Fruit (cm)

Five fhiits were selected at randomly from the observational plants. Length

of the fruits was measured as the distance from pedicel attachment of the fhiit to

the apex using twine and scale. Average was taken and expressed in centimeters.
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3.2.2.2.9 Girth of Fruit (cm)

Girth of the fruits was taken at broadest part from the same fruits used for

recording the fruit length. Average was taken and expressed in centimeters.

3.2.2.2.10 Fruit Weight (g)

Five fruits were selected at randomly from the observational plants in each

genotype in each replication and individual fruit weight was measured by using

electronic weighing machine. Average of Five fruits were worked out and

expressed in grams.

3.2.2.2.11 Fruit Colour

Dominant pigmentation on fruits of individual genotypes was recorded.

3.2.2.2.12 Calyx Length (cm)

The length of calyx was recorded for each fî t selected at random from the

observational plants and expressed in centimeters.

3.2.2.2.13 Number of Fruits per Plant

Total number of fruits produced per plant till last harvest was counted.

3.2.2.2.14 Fruit Yieldper Plant (kg)

Weight of all fruits harvested from selected plants was recorded, average

worked out and expressed in grams per plant.

3.2.2.2.15 Ratio ofPeripheral Seed Ring to Total length of Fruit (RIPS)

The ratio of the length of peripheral seed ring to total length of fhiit was

calculated by dividing the length of peripheral seed ring by the total length of finiit

3.2.2.2.16 Ratio of Seedless Area to Total Length of Fruit (RLSP)

The fruits used for measuring the length of peripheral seed ring were also

used to measure the length of seed less area. It was measured both at the lower and

upper end from the centre and added up. The total was divided by the total length

of finut to work out the ratio of length of seedless area to total length.
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3.2,2.2.17 Screening ofShoot andfruit borer {Leucinodes orbonaUs Guen.)

The observations were recorded on different damage parameters as

described below.

3.2.2.2.17.1 Percentage of Infested Shoots per Plant

The total number of shoots, which showed the wilting symptoms, was

recorded for calculating the percentage of young shoots infested. Observations

recorded at 10 days interval from 30 DAT up to 90 DAT.

Percentage of shoots infested = Number of shoots showing damage symptoms ^
Total number of shoots

3.2.2.2.17.2 Percentage ofInfested Fruits per Plant

The total number of fruits with bore holes was recorded and the percentage

of damaged fhiits was worked out Observations were taken at 10 days interval

from 60 DAT up to 100 DAT.

^  CA A Number of fruits with bore holesPercentage of damaged fniit loo
Total no. of fruits on sample plants

3.2.2.2.17.3 Weight ofInfested Fruits per Plant

Five shoot and fmit borer infested fruits were selected at randomly from the

observational plants in each genotype in each replication and individual infested

fruit weight was measured by using electronic weighing machine. Average of five

infested fruits were worked out and expressed in grams.

3.2.2.2.17.4 Scoring

Characterization of shoot and fruit borer incidence was done as suggested

by Tewari and Krishnamoorthy (1985). The incidence of L orbonalis on shoots

was assessed in terms of the percentage of infested shoots out of the total number

of shoots available in each plot. Incidence on fruits was assessed by calculating

percentage of infested fniits at different pickings and pooled data was subjected for

statistical analysis. Pest rating was done as per the following scale:
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Percentage of fruit infestation Rating

0  : Immune (Immune)

I-10

II-20

21-30

31-40

>40

Highly resistant (HR)

Moderately resistant (MR)

Tolerant (T)

Susceptible (S)

Highly Susceptible (HS)

(Mishraera/. 1988)

3.2,2,2,18 Total Sugars

Estimation of total sugars in a fiaiit sample by using Anthrone method

Reagents

1. 2.5NHcl

2. Anthrone reagent; Dissolve 200 mg anthrone reagent in 100 ml of ice cold

95% H2SO4. Prepare fresh before use.

3. Standard glucose: Dissolve 100 mg in 100 ml water.

4. Working standard: 10 ml of stock diluted to 100 ml distilled water. Store

refrigerated after adding a few drops toluene.

Procedure

Weigh 100 mg of the sample into a boiling tube. Hydrolyse by keeping it

in a boiling water bath for 3 hours with 5ml of 2.5 N Hcl and cool to room

temperature. Neutralize it with sodium carbonate until the effervescence ceases.

Make up the volume to 100 ml and centrifuge. Collect the supemant and take 0.5

and 1 ml aliquots for analysis.

Prepare the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of the working

standard. 0 serves as blank. Make up the volume to 1 ml in ail the tubes including

the sample tubes by adding distilled water. Then add 4 ml anthrone reagent. Heat

for 8 minutes in a boiling water bath. Cool rapidly and read the green to dark green

colour at 630 nm. Draw a standard graph by plotting concentration of the standard

on the X - axis versus absorbance on Y - axis. From the graph calculate the amount

of carbohydrates present in the sample tube.
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3,2.2,2.19 Total Phenols

Total phenol content of fruit was estimated by using Folin-Ciocalteau

reagent (Sadasivam and Manickam, 1996).

Reagents

80% ethanol

Folin-Ciocalteau Reagent

NazCOs 20%

Standard (100 mg Catechol in 100 ml water)

Dilute 10 times for a working standard.

Procedure:

Weigh exactly o.5 to 1 .Og of the sample and grind it with a pestle and mortar

in 10-time volume of 80% ethanol. Centrifuge the homogenate at 10,000rpm for 20

min. save the supemant. Reextract the residue with five times the volume of 80%

ethanol, centrifuge and pool the supemants. Evaporate the supemant to dryness.

Dissolve the residue in a known volume of distilled water (5 ml).

Pipette out different aliquots (0.2 to 2 ml) into test tubes. Make up the

volume in each tube to 3mL with water. Add 0.5 ml of Folin-Ciocalteau reagent.

After 3 minutes add 2 ml of 20 percent Na2C03 solution to each test tube. Mix

thoroughly; place the test tubes in boiling water for exactly one min. Cool and

measure the absorbance at 650nm against a reagent blank. Prepare a standard curve

using different concentrations of catechol.

Calculation: From the standard curve find out the concentration of phenols in the

test sample and express as mg phenols/100 g material.

3.2.3 Statistical Analysis

The data collected on the quantitative characters were subjected for

statistical analysis and following different statistical parameters were worked out.

1-0
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3,23J Analysis of Variance (ANOVA)

Analysis of variance was done separately for each character as per RBD

design.

3,2,3,2 Estimation of Genetic Variability Parameters

3.2.3.2.1 GenotypiCt Phenotypic and Environmental Variance

The Variance due to genotype, phenot>pe and environment were computed

as follows.

Genotypic variance _ MS due to genotypes (adj) - MS due to error (intra block)
(^g^) r (replication)

Environmental variance (ae^) = Error mean sum of squares

Phenotypic variance (op^) = ag^ + ae^ (MS due to error)

Where, 'r' is number of replications.

3.2.3.2.2 Genotypic and Phenotypic Coefficient of Variation

Genotypic and phenotypic coefficients of variance were estimated

according to Burton and Devane (1953) based on estimate of genotypic and

phenotypic variance.

Genotypic co-efficient of variation (GCV)

GCV(%) = xioo
.X.

Phenotypic co-efficient of variation (PCV)

PCV(%) = -^ xloo
X

Where,

X  = General mean

r  = Number of replications

o g = Genotypic standard deviation

a p = Phenotypic standard deviation



GCV and PCV were classified as suggested by Burton and Devane (1953)

0-10% : Low

10-20% : Moderate

20% and above: High

3,2.3,2,3 Heriiability

px
=^3— xlOO

Where, is the heritability expressed in percentage (Jain, 1982). Heritability

estimates were categorized as suggested by Jhonson et al. (1995).

0-30 per cent ► Low

31 - 60 per cent ► Moderate

>60 per cent ► High

3,2,3.2,4 Genetic Advance as Percentage Mean

GA =

Where, k is the standard selection differential.

K = 2.06 at 5% selection intensity (Miller et al., 1958)
The range of genetic advance as per cent of mean was classified according to
Jhonson e/fl/. (1995).

0-10 per cent ► Low

11-20 per cent ^ Moderate

> 20 per cent ► High

3.2.3,3 Correlation

The correlation co-efficient among all possible character combinations at
phenotypic (rp) and genotypic (rg) level were estimated employing formula (Al-
Jibouri e/a/., 1958).

CoVxv (p)
Phenotypic correlation = r,y (p) = ^,(p)xV,(p) ^

IS



95-

COVxy (g)
Genotypic correlation = rxy (g) =

9V. (g) X Vy (g)
Where,

Covxy(G) = Genotypic covariance between x and y

Covxy(P) = Phenotypic covariance between x and y

Vx(G) = Genotypic variance of character 'x'

Vx(P) = Phenotypic variance of character 'x'

Vy(G) Genotypic variance of character'y'

Vy(P) = Phenotypic variance of character 'y*

The test of significance for association between characters was done by

comparing table 'r' values at n-2 error degrees of freedom for phenotypic and

genotypic correlations with estimated values, respectively.

3.23.4, Path Co-efficient Analysis

Path co-efficient analysis suggested by Wright (1921) and Dewey and Lu

(1959) was carried out to know the direct and indirect effect of the morphological

traits on plant yield. The following set of simultaneous equations were formed and

solved for estimating various direct and indirect effects.

riy =a + ri2b+ri3C+ + rnj

r2y = a + r2ia + b + raac + + r2ii

r3y = r3ia + r32b + c + + rsn

riy =riia + ri2b +ri3C+ + I

Where,

riy to liy = Co-efficient of correlation between causal factors 1 to I with

dependent characters y.

ri2 to rii = Co-efficient of correlation among causal factors

a, b, c i = Direct effects of characters *a' to T' on the dependent

character 'y'

12
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Residual effect (R) was computed as follows.

Residual effect (R) = 1 - Va^ + b'^ + + i^ + 2abri2 + 2acri3 + ....

3.2.3.5 Selection Index

The selection index developed by Smith (1937) using discriminate function

of Fisher (1936) was used to discriminate the genotypes based on all the characters.

The selection index is described by the function, I = bi xi+ b2 X2+ + bk Xk

and the merit of a plant is described by the function, H = ai Gi + a: Gz + +

bk Ok where xi, X2 xk are the phenotypic values and Gi, G 2

Gk are the genotypic values of the plants with respect to characters, xi, X2 Xk

and H is the genetic worth of the plant. It is assumed that the economic weight

assigned to each character is equal to unity i.e., ai, da ak=i. The regression

coefficients (b) are determined such that the correlation between H and I is

maximum. The procedure will reduce to an equation of the form, b = P'^Ga where,

P is the phenotypic variance-covariance matrix and G is the genotypic variance-

covariance matrix x.

3.3 EXPERIMENT II; LINE X TESTER ANALYSIS

3.3.1 Raising Parents and Development of FiHybrids

3.3.1.1 Materials

The experimental material consisted of 8 parental lines. The five parental

lines were selected based on high yield and three parental lines were selected based

on shoot and fruit borer resistance as per the first experiment. A total of 15 Fi

hybrids were developed by crossing eight parents in Line X Tester fashion. The list

of parental lines and Fi hybrids were given in table (I and 2).
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Table 4. List of parents used in the Line X Tester analysis

S.No. Accession Number Name of the parent

I Line 1 IC-345271

2 Line 2 IC-433678

3 Line 3 Jagaluru Local

4 Line 4 Tiptur Local

5 Line 5 Raidurg Local

6 Tester 1 IC-89986

7 Tester 2 Vellayani Local

8 Tester 3 Pusa Purple Cluster |

3.3.1.2 Hybridization Programme

The crossing program was under taken as per LxT (Line X Tester) mating

design. In brinjal anthesis occurs between 8 to 12 a.m. matured flower-buds likely

to open next morning were emasculated during evening hours and bagged. On the

next day morning (between 7 to 10 a.m.) emasculated buds were pollinated by the

respective male parents. The pollinated buds were again bagged with paper bags

and labelled. The mature crossed fruits were harvested and the seeds were collected

separately from each cross. For maintenance of parental lines, flower buds of

different parents were selfed by bagging the individual buds and properly tagged

and later the seeds were collected from the mature fruits accordingly.

3.3.2 Field Experiment for Evaluation of Fis and Parents

Table 5. List of hybrid combinations

S.N Parents Cross combinations Colour

1 LiXTi IC-345271 X IC-89986 Purple

2 L1XT2 IC-345271 X Vellavani Local Green with white stripes

3 L1XT3 IC-345271 X Pusa Purple Cluster Pale Purple

4 L2XT1 IC-433678 X IC-89986 Deep Purple

5 L2XT2 IC-433678 X Vellayani Local Pale Purple

6 L2 XT3 IC-433678 X Pusa Purple Cluster Purple



7 L3XT1 Jagaluru Local XIC-89986 Deep Purple

8 L3XT2 Jagaluru Local X Vellayani Local Pale Purple

9 L3XT3
Jagaluru Local X Pusa Purple
Cluster Purple

10 UXTj Tiptur Local X IC-89986 Green with white stripes

11 L4XT2 Tiptur Local X Vellayani Local Green with white stripes

12 L4XT3 Tiptur Local X Pusa Purple Cluster Green with white stripes

13 L5XT1 Raidurg Local X IC-89986 Purple

14 L5XT2 Raidurg Local X Vellayani Local Pale Purple

15 L5XT3
Raidurg Local X Pusa Purple
Cluster Purple

3.3.2.1 Materials

Eight parents, 15 hybrids and standard check Haritha from KAU were used

for field experiment for analysis of heterosis and combining ability.

3.3.2.2 Methods

3.3.2.2.1 Design and Layout

The experiment was laid out in randomized block design with 23 treatments

and one standard check (Haritha) in three replications. Thirty five days old

seedlings having 8-10 cm height were transplanted into the main field at a spacing

of 60 X 75 cm. The crop received timely management practices as per package of

practices recommendations of Kerala Agricultural University (KAU, 2011).

3.3.2.2.2 Bio metric Observations

Same biometrical observations were used as in the experiment I.

3.3.23 Statistical Analysis

The data obtained on the above characters were subjected to the analysis to

estimate the following parameters.

1. Analysis of variance

2. Combining ability analysis.

■^6
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a. Estimation of general combining ability (gca) effects.

b. Estimation of specific combining ability (sea) effects.

c. Estimation of gca and sea variances.

3. Estimation of heterosis

a. Estimation of heterosis over the mid parental value.

b. Estimation of heterosis over the better parental value.

c. Estimation of standard heterosis.

3.2.2.3.1. Analysis of Variance

Analysis of variance was computed based on randomized block design for

each of the character separately as per standard statistical procedure (Panse and

Sukhatme, 1985). The significance was tested by referring to the values of'F' table

(Fisher and Yates, 1967).

Yij = u + gi + rj + ey

Where,

Yij= phenotypic observation of i"* genotype and j'*'replication

p=general men

gi =effect of i'** genotype

Tj =effect of replication

Cij = random error associated with i"' genotype and replication

Table 6: Analysis of variance

Source Degrees of
freedom

Mean sum of

squares

F-ratio

Replication (r-I) M's M's/M'e

Treatment (t-1) M't M't/M'e

Error Cr-l)(t-l) M'e

Total (tr-l) TMSS
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Where,

r and t = Number of replications and treatments, respectively

M's, M't and M'e = Mean sum of squares due to replications, treatments

and error respectively.

3.2.2,3,2. Combining Ability Analysis

The combining ability analysis of parents and crosses was calculated for

different characters using the L x T model as given by Kempthome (1957).

Mathematical model for combining ability analysis

Yijk = p + gi + gj + Sij + rk + ejjk

Where,

Yijk = Any measurable character of the cross ixj in the replication

p= population mean

gi = General combining ability effect of the female patent

gj= General combining ability effect of the male parent

Sjj= Specific combining ability effect of the cross,

rv = Effect due to k*** replication

eijk = Environmental effect on (ijk individual.

Table 7; ANOVA of L x T mating design for combining ability

Source Df MSS Expected MSS

Replications (r-1)

Lines (s-1) M4 C5^+rcr^s+rto^f

Testers (t-1) Mi o^+ro^s+rscj^m

Line x testers (s-l)(t-l) Ml o^+rcy^s

Error (r-l)(st-l) Ml

Where,

r = number of replications

1 s
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s = number of male parents

t = number of female parents

= random error

= variance of interaction between lines and testers,

o^f = variance due to lines,

o^m = variance due to testers.

3,2,2,33 Estimation of Combining Abiiity Effects

(i) gca effect of line and tester

2^ X...
Lmegi = - —

tr str

(ii) sea effect of cross

c  2k. 2k^ 20^ , ^
ojj - - - +

r  tr sr str

where,

X  = Grand total

Xj = Total of i''' line over replicates and testers

Xj = Total of tester over replicates and lines

Xjj = Total of cross over replicates.

3,2,2,3.4 Standard Errors ofEstimates

S.E(gO= [Mi/rt]'^

S.E(gi)= [Mi/rs]'^

S.E(sij)= [Mi/r]i^

Where,

r = Number of replications

s = Number of female parents

t = Number of female parents

Mi= MSS due to error
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3.2,2.3,5 Estimation of Genetic Components of Variation

The estimates of variance components were obtained from the algebraic

manipulation of mean squares in the ANOVA of LxT mating design for combining

ability as follows:

Since (ff= m in the absence of maternal effects, the line and tester mean

squares were pooled mean as:

Pooled mean squares of lines and testers (Mo)

(S-l)M4+(t-l)M3
(i) Mo

S + t-2

(Mo - Ml) (s + t-2)
(ii) o^/=a^m =

r[t(s-l) +(t-l)]

(M3-M4)
(iii) s =

r

The genetic components of variation were estimated by relating to variance

components to covariance of half sibs (Co v. HS) and full sibs (Co v. FS) as:

(i) c5^/= m = Co V. HS

(ii) o^s = Co V. FS - 2 Co v. HS

(iii) a^gca=Cov. HS=l/2a^A

(iv) G^sca = Co V. FS - 2 Co V. HS = o^ D

Where,

o^gca = General combining ability variance

G^sca = Specific combining ability variance

3,2,2.3,6 Estimation and Testing ofHeterosis

The heterotic effects were measured as deviation of Fi mean from mid

parent (relative heterosis), the better parent (heterobeltiosis) mean and mean value

of standard check.

to
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3.2.2.3.6.1 Heterosis Over the Mid-Parent

Heterosis was expressed as percent increase or decrease in the value of Fi

over the mid parent as per the formula.

Mean of Fi- Mean of parents
Heterosis over mid parent = loo

Mean of parents

3.2.2.3.6.2 Heterobeltiosis

Heterobeltiosis was expressed as percent increase or decrease in the value

ofFi overthe better parent as per the formula of Liang e/a/. (1971) and Mather and

Jinks (1971).

Mean of F i - Mean of BP

Heterobeltiosis = lOO
Mean of B.P

3.2.2.3.6.3 Standard Heterosis

Standard heterosis was expressed as percent increase or decrease in the Fi

value over the high yielding standard check.

Mean of Fi- Mean of Std. check

Standard heterosis = loo
Mean of Std. check

Heterosis was considered significant if the difference between Fi and

parental means used for comparison was found significant. To test the significance

of heterosis following formula given by Arunachalam (1976) were used.

Fi-MP

Heterosis, t =
V2EMS/r
Fi-B.P

Heterobeltiosis, t =

V2EMS/r

Where,

EMS= Error mean square

r= Number of replication

Q)
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The calculated't' value was compared with table't' values at the error degrees of

freedom.

3.4 EXPERIMENT III

3.4.1 Field Screening of Fj Segregants for Resistance to Shoot and fruit borer

The screening methodology used is the same as in the first experiment.

3.4.2 Molecular Analysis of F2 Segregants

3,4.2,1 Isolation of Genomic DNA

3,4.2,1,1 Extraction of DNA

DNA was extracted from all the parental lines namely, IC-345271, IC-

433678, Jagaluru Local, Tiptur Local, Raidurg Local, IC-89986, Vellayani Local

and Pusa Purple Cluster and also from their F2 crosses between resistant and

susceptible parents using modified method (Ravishankar 2000). For extracting

DNA following reagents were used.

1. Extraction Buffer: 20 mM NaEDTA and 100 mM Tris HCl were prepared

and mixed. pH was adjusted to 8. 1.4 M NaCl and 2 % w/v CTAB will

beadded

For 500ml extraction buffer, the quantity of the chemical used as follows,

a. NaEDTA 3.7224 g

b. Tris HCl 6.0550 g

c. NaCl 40.9080 g

d. CTAB 10 g

CTAB was dissolved by heating to 60 ®C and thus prepared extraction buffer

was stored at 37 °C (Autoclaved). 0.5 % p-mercaptoethanol was added just before

use.

2. Chloroform: Iso Amyl Alcohol; 24:1 v/v

3. 5MNaCl [Autoclaved]
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4. TE Buffer: 10 mM Tris HCl and 1 mM EDTA were prepared and mixed.

pH was adjusted to S.For a volume of250 ml buffer, Tris HCl 0.3025 g and

NaEDTA 0.0931 g [Autoclave] were used

5. 7.5 M Ammonium Acetate: pH 7.7 [Autoclave]

6. Wash Solution: 76 % v/v ethanol; chilled

7. Absolute Alcohol: Stored at -20 °C

8. DNA was purified using RNAase (1 Omg/ml)

9. PVPP [Poly Vinyl Poly Pyrrolidone Powder]

10. TAE Buffer (Stock Solution)

50X TAE in 500 ml water

242.0 g Tris base

57.1 ml of Glacial acetic acid

100 ml of 0.5 M EDTA (pH 7.0)

[Autoclaved]

Working solution: IXdilute stock 10 times

11. 6X loading dye

12. Ethidium bromide: 10 mg/ml.

3,4,2,1.2 DNA Extraction Protocol

1. 10 ml extraction buffer was preheated with 100 pi of 0.5 mip-

mercaptoethanol to 60 °C.

2. 2 g leaf tissue of brinjal genotypes was ground to fine powder with liquid

nitrogen. 50 mg PVPP was added and mixed. The contents were transferred

to centrifuge tube containing 10 ml CTAB buffer pre-heated to 60 °C and

mixed gently.

3. Tubes were incubated for 1 hour at 60 °C, with intermittent shaking for

every 10 min and later cooled to room temperature.

4. 10 ml of chloroform: Iso-amyl alcohol (24: 1) was added and mixed gently

by inverting tubes about 25 times to form an emulsion.
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5. Emulsion was spinned at 8000 rpm for 15 min and aqueous phase

transferred to fresh centrifuge tubes using cut tips. If this was cloudy, 6 ml

of chloroform was added and two step centrifugation was repeated.

6. To the transferred clear aqueous phase 2.5 ml of 5 M NaCl was added and

mixed.

7. 10 ml cold ethanol was added and mixed gently, then, refrigerated overnight

at-20 ''C.

8. Tubes were centrifuged at 5000 rpm for 10 min and then speed increased to

8000 rpm for 3 min at RT. Supematant poured off and pellet will be washed

with 2 ml 76 % ethanol, centrifuged as above for 3 min.

9. Washing step was repeated twice.

10. Supematant was drained out; DNA is completely dried to remove ethanol,

by leaving tubes uncovered at 37 for 20-30 min.

11. The DNA pellet was dissolved in 1 ml TE and pooled by using cut tips.

RNase was added to a final concentration of 10 g/ml (3 pi of conc. RNase or 30 pi

of diluted RNase). Later incubated at 37 for 30 min for immediate analysis or

stored at -20 °C.

3.4.2.1,3 DNA Purification

1. The DNA was centrifuged to 8000 rpm for 15 min.

2. Supematant was drained out; DNA is completely dried to remove ethanol,

by leaving tubes uncovered at 37 °C for 20-30 min.

3. The DNA was diluted with 1 ml TE buffer. Then 1 ml of 7.5 M ammonium

acetate followed by 10 ml of cold ethanol was added. Gently it was mixed

to precipitate DNA and kept it overnight or 1 hr at -20

4. Centrifuged at 8000 rpm for 20 min at 4 ''C and decanted the supematant

5. The DNA pellet was air dried at 37 for 15 min and dissolved in 1 ml of

TE buffer.

6. RNase was added to the dissolved DNA.

Sir
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3,4.2.2 DNA Quantification

DNA concentration in the sample is estimated by recording absorbance at

260 and 280 nm in a UV/ VIS spectrophotometer.

1. 10 pi of DNA sample taken in a quartz cuvette. The volume made to 1 ml

with distilled water.

2. The absorbance was measured at 260 and 280 nm using the UV

spectrophotometer.

3. Calculated the ratios of A260/A280.

4. Calculated DNA concentration using the relationship for double stranded

DNA, O.D at 260 nm = 50 g/ ml.

O.D. at 260 nm x 50 x Dilution factor
5. Total quantity of DNA (ng /pi) =

1000

Dilution factor — Volume made

Volume of the aliquot

Therefore, Dilution factor = IQOQ pi
10 pi

=  100 pi.

3.4.2.3 Get Electrophoresis

3.4.2.3.1 Casting of Agarose Gel

1. 5 pi of the DNA solution pippeted into a microflige tube. 2.5 pi of

bromophenol dye added and mixed for few seconds and this solution was

used for gel electrophoresis.

2. 0.8 % agarose solution in 1 X TAE buffer was prepared for 100 ml. Heated

it in a micro oven to dissolve agarose completely. Cooled to 40 °C, ethidium
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bromide solution (0.5 g/ml) was added, gel was poured into boat and casted

inserted the comb.

3. When the gel is set, the comb was removed and kept it in the Gel

Electrophoresis unit.

3.4.2.3.2 Electrophoresis

1. The gel electrophoresis tray was filled with 0.5X TAE buffer, then gel boat

was placed in the tank. DNA solution was loaded.

2. Electric current of 75 volts was applied for 1 ViXol h.

3. The slab was removed and the DNA was observed under UV light. A zigzag

pattern of a single band indicated intact plant DNA.

3.4,2.4 Characterization of Brinjal Genotypes using RAPD Markers for Shoot

andfruit borer Resistance

Eight parental lines were taken for confirmation of their resistance to shoot

and fruit borer in brinjal. The three resistant lines (IC-89986, Veliayani Local and

Pusa Purple Cluster) and five susceptible lines namely (IC-345271, IC-433678,

Jagaluru Local, Tiptur Local, Raidurg Local,) were screened using RAPD markers

viz., OPO-20, OPC-4 and OPL-9 by extracting DNA and running PGR. The

banding pattern was studied using gel electrophoresis.

3.4.2.4.1 RAPD Marker

The following Reagents were used

1. Reaction buffer (1 OX in 100 ml):

pH was adjusted to 9.0

2. Primers: Stock 10 pmol

3. Taq DNA polymerase; Stock 3 u/pl

4. Template DNA: Stock 25 ng/pl

5. dNTP's: Stock 1 mM

6. 6X loading dye
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Procedure:

1. The thermocycler was switched on at least 15 min before use.

2. The reagents were pipetted out accurately using appropriate auto pipettes

into sterile 200 pi PCR tubes in the following order and master mix was

prepared.

a. MgCh complete Reaction buffer lOX 2.5 pi

b. Primer 2.5 pJ

c. dNTP's(l mM)2.5pl

d. Taq DNA polymerase (3 u/ul) 0.33 pi

e. Template DNA (25 ng/pl) 2.5 pi

f. Water 14.67 pi

g. Total reaction volume 25 pi

3. Contents were mixed by repeated pipetting. Later contents were spinned

down for 15 sec at 5000 rpm.

4. The PCR tubes were placed firmly in the wells of the thennocycler and the

following temperature programme was set as detailed in Table 9.

5. At the end of the PCR, tubes were taken out. 2.5 p] of diluted bromophenol

blue is added and spinned for 2-5 s at top speed in micro centrifuge. Then

tubes were stored at 4 °C till electrophoresis.

3,4.2,4,2 Electrophoresis and Visualization of Amplified Products

The amplified products of PCR were separated by electrophoresis on 1.4 %

agarose gel along with Ethidium bromide (0.5 mg/ ml) and the gel was visualized

under UV light for detection of polymorphism.
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Table S.MolecuIar markers linked to brinjal shoot and fruit borer resistance

Marker Primer sequences

OPO-20 ACACACGCTG

OPC-4 CCGCATCTAC

OPL-9 TGCGAGAGTC

Table 9. Stepwise PGR programme carried out for RAPD primers

S.N. Step Temperature Time

1 Initial Denaturation 94 ''C 5 minutes

2 Denaturation 94 OC 1 minutes

36 cycles3 Annealing 35°C 1 minutes

4 Extension 72 2 minutes

5 Final Extension 72 ''C 8 minutes

S2
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4. RESULTS

The experimental data collected on growth, morphological, yield and yield

attributing characters were statistically analyzed and the results are presented under the

following heads.

4.1 EXPERIMENT I. COLLECTION AND EVALUATION OF GERMPLASM

The sixty brinjal accessions were subjected to detailed study on variability,

heritability, genetic advance, correlation, path analysis and screening for shoot and fruit

borer resistance/tolerance.

4.1.1 Analysis of Variance

The analysis of variance revealed significant variation among the sixty

accessions for all the characters studied.

4.1.2 Mean Performance of Accessions

The mean values of the accessions for growth, morphological, yield and yield

attributing characters, biochemical and screening for brinjal shoot and fruit borer

resistance/tolerance in both kharif and rabi seasons are given below.

4,L2,1 Mean Performance of Accessions during KharifSeason.

The mean values for growth, morphological, yield and yield attributing parameters

during kharif season were furnished in the Table 10.

Plant height varied from 42.20 cm (SM 29) to 119.00 cm (SM 59). None of the

genotypes were on par with the highest value of plant height, while SM 42 (44.90) was

on par with the shortest plant. The accession SM 60 had the highest number of primary

branches (9.32) while, SM 46 (8.90) was on par with the highest value and the lowest

(3.50) was observed in the genotypes of SM31, SM29 and SM26. The genotypes of

SM 22(4.10), SM 34 (4.0), SM 41 (4.10), SM 42 (4.20), SM 45(4.30) and SM 47(4.20)

were on par with the lowest primary branches of plant.
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Days to first flower ranged from 33.30 to 50.50 days. SM 20 was the earliest

to flower and SM 33 took the maximum number of days to flower. Highest percentage

of medium styled flowers were observed in SM 8 (44.50) while the genotypes SM 5,

SM 9, SM 10, SM 12, SM 13, SM 20, SM 21, SM 22, SM 26, SM 28, SM 31, SM 34,

SM 35, SM 37, SM 38 and SM 53 were on par with highest value. The lowest

percentage of medium styled flowers were observed in SM 52 (32.47) while SM 2, SM

16, SM 36, SM 45, SM 47 and SM 48 were on par with the lowest percentage of

medium styled flowers.

Highest percentage of long styled flowers was observed in SM 60 (61.50)

while the genotypes SM 2, SM 3, SM 6, SM 56, SM 57 and SM 59 were on par with

highest value. The lowest percentage of long styled flowers was observed in SM 21

(51.14) while SM 5, SM 8, SM 10, SM 11, SM 13, SM 19, SM 20, SM 22, SM 23, SM

26, SM 28, SM 29, SM 31, SM 32, SM 34, SM 35, SM 37, SM 38, SM 39, SM 41, SM

42, SM 46, SM 49, SM 51, SM 53, SM 54, SM 55 and SM 58 were on par with the

lowest percentage of long styled flowers. Highest percentage of short styled flowers

was observed in SM 16 (8.84) and lowest was observed in SM 8 (3.49). Less number

of short styled flowers per plant is helpful because these are unproductive.

Intra cluster distance varied from 0.77 cm (SM 56) to 2.30 cm (SM 28).The

genotypes SM 8, SM 24, SM 25, SM 27, SM 53, and SM 58 were on par with highest

value while the genotypes SM 14, SM 17, SM 18, SM 36, SM 39, SM 43, SM 49, SM

52 and SM 60 were on par with the lowest value. Inter cluster distance varied from

5.09 cm (SM 60) to 10.27 cm (SM 47).The genotypes SM 25 (10.10), SM 40 (10.17),

SM 42 (10.21) and SM 54 (10.10) were on par with highest value. None of the

genotypes were on par with the lowest value.

The genotypes differed significantly with respect to number of fruits per plant

which ranged from 11.80 (SM 26) to 40.50 (SM 60). None of the genotypes were on

par with the highest value while the genotypes SM 11, SM 16, SM 27, SM 32, SM 36,

SM 38, SM 39, SM 41, SM 45, SM 49, SM 51, SM 55 and SM 58 were on par with

^0
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the lowest value. Fruit length exhibited significant variation among the genotypes with

a range of 4.93 cm to 22.25cm. The longest fruits were produced by SM 59 (22.25cm)

whereas SM 3 (4.93 cm) had the smallest fhiits. Girth of fruit ranged from 8.50cm (SM

47) to 26.45cm (SM 3 l).The genotype SM 46 (9.25) was on par with lowest value. The

highest fruit weight was recorded in SM 30 (242.90g) which was on par with SM 31

(239.70g) and lowest fruit weight as recorded in SM 3 (46.65g).

SM 20 (53.00) took the minimum number of days to first harvest and was on

par with SM 2 (53.60), SM 3 (53.40), SM 4 (53.50) and SM 56 (53.50). SM 28 and

SM 33 (70.60) took maximum days to first harvest while SM 22 (69.00), SM 26

(69.50), SM 32 (70.00), SM 44 (70.50) and SM 52 (68.85) on par with maximum days

to first harvest, SM 56 (135.50) took the minimum number of days for last harvest and

was on par with SM 4 (136.60). SM 22 (173.60) took maximum days for last harvest.

Fruit yield per plant ranged from 762.lOg (SM 3) to 4343.50g (SM 36). The highest

fruit yield was recorded in SM 36 and it was followed by SM 2 (4133.50g), SM 9

(4013.00g), SM 14 (3973.50g) and SM 21 (3891.75g).

FSB shoot infestation varied from 5.75% (SM 1) to 53.90% (SM 27). Least shot

infestation was observed in SM I (5.75%) followed by SM 60 (9%) and SM 59 (13%).

FSB fruit infestation varied from 7.50% (SM 1) to 56.00% (SM 34). Least fruit

infestation was observed in SM 1 (7.5%) followed by SM 60 (7.5%) and SM 59 (13%).

Genotype SM 40 (5.15cm) produced longest calyx length which was on par with SM

47 (4.99cm) and SM 56 (5.04cm). The shortest calyx length was observed in the

genotype SM 60 (2.36cm) which were on par with SM 1 (2.67cm) and SM 59 (2.51cm).

The RLPS was varied from O.I 1 (SM 25) to 1.09 (SM 1) and the RLSA was varied

between 0.13 (SM 1) to 0,62 (SM 25).Weight of infested fhiit weight was maximum

in the genotype SM 31 (182.40g) and minimum in SM 3 (18.90g). Highest total sugar

content was observed in genotype SM 45 (4.33g) and lowest was observed in SM

l(1.29g). The genotype SM 1 (22.30 mg/100 g) had the highest phenol content and SM

51 (10.74 mg/100 g) had the lowest.
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4.1.2.2 Mean Performance of Accessions during Rabi Season.

The mean values for growth, morphological, yield and yield attributing parameters

during rabi season were furnished in the Table 11.

Plant height varied from 41.40 cm (SM 29) to 119.90 cm (SM 59). None of the

genotypes were on par with the highest value of plant height, while SM 42 (43.00) was

on par with the shortest plant. The accession SM 60 had the highest number of primary

branches (9.30) and the lowest (3.0) was observed in SM 29. SM 26(3.60), SM 31

(3.50) and SM 49 (3.70) were on par with the shortest primary branches of plant. Days
to first flower ranged from 32.90 to 50.50 days. SM 20 was the earliest to flower and

SM 33 took the maximum number of days to flower. Highest percentage of medium

styled flowers was observed in SM 22 (47.85) while the genotypes SM 49 (45.00) and

SM 50(46.45) were on par with highest value. The lowest percentage of medium styled

flowers was observed in SM 52 (33.50) while SM 45 (35.62) was on par with the lowest

percentage of medium styled flowers.

Highest percentage of long styled flowers was observed in SM 60 (59.15)

while the genotypes SM (56.49), SM 2 (58.62), SM 45 (56.95) and SM (57.00) were

on par with highest value. The lowest percentage of long styled flowers was observed

in SM 50 (46.05) while SM 22 (46.20) and SM 49 (48.45) were on par with the lowest

percentage of long styled flowers. Highest percentage of short styled flowers was

observed in SM 43 (11.35) and lowest was observed in SM 36 (3.20). Less number of

short styled flowers per plant is helpful because these are unproductive.

Intra cluster distance was varied from 0.80 cm (SM 60) to 2.30 cm (SM

28).The genotype SM 46 (2.30) was on par with highest value while the genotypes SM

3(0.98), SM 17 (0.82), SM 18 (0.88), SM 36 (0.99), SM 38 (0.95), SM 39 (0.98), SM
55 (0.99) and SM 56 (0.95) were on par with the lowest value. Inter cluster distance

was varied from 5.05 cm (SM 60) to 10.37 cm (SM40).The genotypes SM42 (10.10),
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SM 47 (10.12) and SM 54 (10.28) were on par with highest value. None of the

genotypes were on par with the lowest value.

The genotypes differed significantly with respect to number of fruits per plant

which ranged from 10.10 (SM 26) to 41.75 (SM 60). SM 36 (40.50) was on par with

the highest value while the genotypes SM 11 (11.00), SM 16 (11.00), SM 18 (11.90),

SM 23 (11.00) and SM 32 (12.00) were on par with the lowest value. Fruit length

exhibited significant variation among the genotypes with a range of 4.90 cm to 22.05

cm. The longest fhiits were produced by SM 59 (22.05cm) whereas SM 3 (4.90 cm)

had the smallest fruits. Girth of fruit ranged from 8.45 cm (SM 47) to 26.65 cm (SM

31). The highest fhiit weight was recorded in SM 30 (246.50g) which was on par with

SM 31 (244.50g) and lowest fhiit weight as recorded in SM 3 (47.25g).

SM 03 (52.70) took the minimum number of days to first harvest and was on

par with SM 2 (53.50), SM 4 (52.90), SM 20 (53.50) and SM 56 (53.65). SM 44

(70.35) took maximum days to first harvest while SM 26 (69.20), SM 28 (70.30), SM

32 (70.00) and SM 33 (70.15) on par with maximum days to first harvest. SM 4

(136.50) took the minimum number of days for last harvest and was on par with SM

56 (136.75). SM 22 (174.60) took maximum days for last harvest. Fruit yield per plant

ranged from 774.OOg (SM 16) to 4388.50g (SM 36). The highest fhiit yield was

recorded in SM 36 and it was followed by SM 2 (4306.OOg).

FSB shoot infestation varied from 6.35 % (SM 1) to 57.50 % (SM 18). Least

shot infestation was observed in SM 1 (5.75%) followed by SM 60 (9%) and SM 59

(12.75 %). FSB fruit infestation varied from 7.60 % (SM 60) to 51.00 % (SM 12). Least

fruit infestation was observed in SM 60 (7.60 %) followed by SM 1 (7.75 %) and SM

59 (12.85%). Genotype SM 40 (5.06 cm) produced longest calyx length which was on

par with SM 47 (5.05cm) and SM 56 (5.05cm). The shortest calyx length was observed

in the genotype SM 60 (2.36cm) followed by SM 1 (2.70 cm) and SM 59 (2,55cm).

The RLPS was varied from 0.17 (SM 29) to 1.00 (SM 60) and the RLSA was varied

between 0.13 (SM 1) to 0.60 (SM 25). Weight of infested finit weight was maximum

)



/32.

in the genotype SM 30 (187.00g) followed by SM 31 (183.50g) and minimum in SM

3 (26.50g). Highest total sugar content was observed in genotype SM 45 (4.39g) and

lowest was observed in SM l(1.38g). SM 1 (22.51 mg/100 g) had the highest phenol

content and SM 51 (10.45 mg/100 g) had the lowest,

4.1.3 Genetic Variability, Heritability and Genetic Advance

The population means, range, phenotypic coefficients of variation (PCV),

genotypic coefficients of variation (GCV), heritability and genetic advance for the 23

characters were studied and are presented in table (12 and 13) and Figure (1 and 2).

4,L3J Genetic Variability, Heritability and Genetic Advance during KltarifSeason.

The plant height ranged between 42.20 cm to 119 cm with a mean of 72.50 cm.

The estimates of GCV and PCV were high (21.35 and 21.62, respectively). High
heritability (98.00 %) was observed along with high genetic advance as per cent of

mean (43.45%) and high OA (31.51%) for the trait was found. Number of primary

branches per plant was varied from 3.5 to 9.32 with mean value of 5.74. The estimates

ofOCV and PCV were high (22.99 and 24.49, respectively). High heritability (88.11%)
was observed along with high genetic advance as per cent of mean (44.46%) and low

OA (2.55%). Days to first flower was varied from 33.30 to 50.50 with mean of 43.34,

The estimates of GCV and PCV were low (8.34 and 8.49, respectively). High

heritability (96.37%) was observed along with moderate genetic advance as per cent of
mean (16.86%) and low GA (7.31%).

Percentage of medium styled flowers varied from 32.47 to 44.50 with a mean

of38.64. The estimates of GCV and PCV were low (3.91 and 6.95, respectively). High
heritability (82.00%) was observed along with low genetic advance as per cent of mean

(4.52%) and low GA (1.75%) for the trait was found. Percentage of long styled flowers

varied from 51.13 to 61.50 with a mean of 54.93. The estimates of GCV and PCV were

low (3.75 and 5.23, respectively). High heritability (90.45%) was observed along with
low genetic advance as per cent of mean (5.54%) and low GA (3.04%). Percentage of
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short styled flowers varied from 3.48 to 8.83 with a mean of 6.42. GCV and PCV was

moderate (17.44 and 13.78, respectively). Moderate heritability (54.00%) was

observed along with moderate genetic advance as per cent of mean (16.35%) and low

GA(1.69%).

Intra cluster distance varied from 0.77 cm to 2.30 cm with mean of 1.46 cm.

The estimates of GCV and PCV were high (27.50 and 28.96, respectively). High

heritability (90.18%) was observed along with high genetic advance as per cent of

mean (53.79%) and low GA (0.78%). Inter cluster distance varied from 5.08 cm

tolO.27 cm with mean of 8.36 cm. The estimates of GCV and PCV were moderate

(12.38 and 12.56, respectively). High heritability (97.19%) was observed along with

high genetic advance as per cent of mean (25.14%) and low GA (2.10%).

Number of fruits per plant varied from 11.80 to 40.50 with mean of 19.22. The

estimates of GCV and PCV were high (35.69 and 36.39, respectively). High heritability

(96.16%) was observed along with high genetic advance as per cent of mean (72.10%)

and moderate GA (13.86%). Length of fruits varied from 4.93 cm to 22.25 cm with

mean of 10.38 cm. The estimates of GCV and PCV were high (31.80 and 32.05,

respectively). High heritability (98.44%) was observed along with high genetic

advance as per cent of mean (65.00%) and low GA (6.75%).

Girth of fruits ranged between 8.50 cm to 26.45 cm with mean of 14.53 cm.

The estimates of GCV and PCV were high (28.87 and 29.09, respectively). High
heritability (98.45%) was observed along with high genetic advance as per cent of

mean (59.01%) and low GA (8.57%). Fruit weight varied from 46.65 g to 242.90 g

with mean of 130.32 g. The estimates of GCV and PCV were high (29.00 and 29.23,

respectively). High heritability (98.40%) was observed along with high genetic

advance as per cent of mean (59.26%) and high GA (77.22%).

Days to first harvest varied from 53.00 to 70.60 with mean of 62.92. The

estimates of GCV and PCV were low (6.95 and 7.10, respectively). High heritability

0^
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(96.00%) was observed along with moderate genetic advance as per cent of mean

(14.02%) and low GA (8.82%). Days to last harvest varied from 135.50 to 173.60 with

mean of 152.42. The estimates of GCV and PCV were low (6.07 and 6.09,

respectively). High heritability (99.10%) was observed along with moderate genetic

advance as per cent of mean (12.44%) and moderate GA (18.96%). Fruit yield per plant

varied from 762.10g to 4343.50g with mean of 2142.31g. The estimates of GCV and

PCV were high (35.98 and 36.44, respectively). High heritability (98.00%) was

observed along with high genetic advance as per cent of mean (73.20%) and high GA

(1568.15%).

SFB shoot infestation varied from 5.75% to 53.90% with mean of 41.00%. The

estimates of GCV and PCV were high (24.05 and 24.22, respectively). High heritability
(98.58%) was observed along with high genetic advance as per cent of mean (49.20%)
and moderate GA (20.17%). SFB fruit infestation varied from 7.50% to 56.00% with

mean of 39.51%. The estimates of GCV and PCV were high (25.14 and 25.59,

respectively). High heritability (96.51%) was observed along with high genetic
advance as per cent of mean (50.88%) and moderate GA (20.10%).

Calyx length varied from 2.35 cm to 5.15 cm with mean of 3.84 cm. The

estimates of GCV and PCV were moderate (15.44 and 15.73, respectively). High
heritability (96.34%) was observed along with high genetic advance as per cent of
mean (31.22%) and low GA (1.20%). RLPS varied from 0.11 cm to 1.09 cm with mean

of 0.41 cm. The estimates of GCV and PCV were high (49.28 and 49.89, respectively).
High heritability (98.00%) was observed along with high genetic advance as per cent
of mean (100.27%) and low GA (0.41%). RLSA varied from 0.12 cm to 0.62 cm with

mean of 0.40 cm. The estimates of GCV and PCV were high (23.45 and 24.71,

respectively). High heritability (90.00%) was observed along with high genetic

advance as per cent of mean (45.84%) and low GA (0.18%). Weight of infested fruits

varied from 18.90g to 182.40g with mean of 93.12. The estimates of GCV and PCV

UD
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were high (36.69 and 36.88, respectively). High heritability (98.94%) was observed

along with high genetic advance as per cent of mean (75.18%) and high GA (70.00%).

Total sugars varied from 1.29g to 4.33g with mean of 3.42g. The estimates of

GCV and PCV were moderate (19.00 and 19.08, respectively). High heritability

(99.14%) was observed along with high genetic advance as per cent of mean (38.97%)

and low GA (1.33%). Total phenols varied from 10.74mg/g to 22.30 mg/g with mean

of 13.41mg/g. The estimates of GCV and PCV were moderate (17.18 and 17.28,

respectively). High heritability (98.84%) was observed along with high genetic

advance as per cent of mean (35.19%) and low GA (4.72%).

4,1,3,2 Genetic Variability^ Heritability and Genetic Advance during Rabi Season,

The plant height ranged between 41.40 cm to 119.90 cm with a mean of 71.80

cm. The estimates of GCV and PCV were high (22.13 and 22.29, respectively). High

heritability (98.49%) was observed along with high genetic advance as per cent of

mean (45.24%) and high GA (32.48%) for the trait was found. Number of primary

branches per plant was varied from 3.0 to 9.30 with mean of 5.64. The estimates of

GCV and PCV were high (23.74 and 24.96, respectively). High heritability (90.45%)

was observed along with high genetic advance as per cent of mean (46.51%) and low

GA (2.62%). Days to first flower ranged from 32.90 to 50.50 with mean of 42.90. The

estimates of GCV and PCV were low (8.55 and 8.73, respectively). High heritability

(95.85%) was observed along with moderate genetic advance as per cent of mean

(17.25%) and low GA (7.40%).

Percentage of medium styled flowers varied from 33.50 to 47.85 with a mean

of40.39. The estimates of GCV and PCV were low (6.56 and 7.18, respectively). High

heritability (83.48%) was observed along with moderate genetic advance as per cent of

mean (12.34%) and low GA (4.99%) for the trait was found. Percentage of long styled

flowers varied from 46.05 to 59.15 with a mean of 53.00. The estimates of GCV and

PCV were low (4.33 and 5.15, respectively). High heritability (70.43%) was observed
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along with low genetic advance as per cent of mean (7.48%) and low GA (3.96%).

Percentage of short styled flowers varied from 3.20 to 11.35 with a mean of 6.59. GCV

and PCV were moderate (12.51 and 18.64, respectively). Moderate heritability
(50.64%) was observed along with moderate genetic advance as per cent of mean

(15.01%) and low GA (2.17%).

Intra cluster distance varied from 0.80 cm to 2,45 cm with mean of 1.46 cm.

The estimates of GCV and PCV were high (29.80 and 30.75, respectively). High
heritability (93.94%) was observed along with high genetic advance as per cent of
mean (59.50%) and low GA (0.87%). Inter cluster distance varied from 5.05 cm

tolO.37 cm with mean of 8.44 cm. The estimates of GCV and PCV were moderate

(11.88 and 12.06, respectively). High heritability (97.03%) was observed along with
high genetic advance as per cent of mean (24.11%) and low GA (2.03%).

Number of fruits per plant varied from 10.10 to 41.75 with mean of 18.26. The

estimates of GCV and PCV were high (37.76 and 38.76, respectively). High heritability
(94.88%) was observed along with high genetic advance as per cent of mean (75.77%)
and moderate GA (13.83%). Length of fruits per plant varied from 4.90 cm to 22.05

cm with mean of 10.43 cm. The estimates of GCV and PCV were high (31.97 and
32.07, respectively). High heritability (99.39%) was observed along with high genetic
advance as per cent of mean (65.67%) and low GA (6.85%). Girth of fruits ranged
between 8.45 cm to 26.65 cm with mean of 14.49 cm. The estimates of GCV and PCV

were high (29.33 and 29.41, respectively). High heritability (99.43%) was observed
along with high genetic advance as per cent of mean (60.25%) and low GA (8.73%).
Fruit weight varied from 47.25 g to 246.50 g with mean of 131.00 g. The estimates of
GCV and PCV were high (29.20 and 29.26, respectively). High heritability (98.80%)
was observed along with high genetic advance as per cent of mean (60.01%) and high
GA (78.61%).

Days to first harvest varied from 52.70 to 70.35 with mean of 62.50. The

estimates of GCV and PCV were low (6.72 and 6.81, respectively). High heritability

1  '3
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(97.43%) was observed along with moderate genetic advance as per cent of mean

(13.67%) and low GA (8.54%). Days to last harvest varied from 136.50 to 174.60 with

mean of 152.56. The estimates of GCV and PCV were low (6.02 and 6.04,

respectively). High heritability (99.24%) was observed along with moderate genetic

advance as per cent of mean (12.35%) and moderate GA (18.85%).

Fruit yield per plant varied from 774.00g to 4388.50g with mean of 2024.29g.

The estimates of GCV and PCV were high (40.30 and 40.52, respectively). High

heritability (98.93%) was observed along with high genetic advance as per cent of

mean (82.58%) and high GA (1671.67%).

SFB Shoot infestation varied from 6.35% to 57.50% with mean of 39.81%. The

estimates of GCV and PCV were high (23.83 and 24.34, respectively). High heritability

(95.87%) was observed along with high genetic advance as per cent of mean (48.06%)

and moderate GA (19.13%). SFB fruit infestation varied from 7.60% to 51.00% with

mean of 38.03%. The estimates of GCV and PCV were high (24.35 and 24.92,

respectively). High heritability (95.50%) was observed along with high genetic

advance as per cent of mean (49.03%) and moderate GA (18.65%).

Calyx length varied from 2.36 cm to 5.06 cm with mean of 3.86 cm. The

estimates of GCV and PCV were moderate (15.20 and 15.43, respectively). High

heritability (97.11%) was observed along with high genetic advance as per cent of

mean (30.87%) and low GA (1.19%). RLPS varied from 0.17 cm to 0.99 cm with mean

of 0.43 cm. The estimates of GCV and PCV were high (46.54 and 46.89, respectively).

High heritability (98.50%) was observed along with high genetic advance as per cent

of mean (95.15%) and low GA (0.41%). RLSA varied from 0.13 cm to 0.60 cm with

mean of 0.41 cm. The estimates of GCV and PCV were high (22.00 and 22.87,

respectively). High heritability (92.57%) was observed along with high genetic

advance as per cent of mean (43.61%) and low GA (0.18%). Weight of infested fruits

varied from 26.50g to 187.00g with mean of 93.50. The estimates of GCV and PCV
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were high (36.74 and 36.83, respectively). High heritability (99.00%) was observed

along with high genetic advance as per cent of mean (75.49%) and high GA (70.58%).

Total sugars varied from 1.37g to 4.39g with mean value of 3.45g. The

estimates of GCV and PCV were moderate (18.45 and 18.64, respectively). High

heritability (97.97%) was observed along with high genetic advance as per cent of

mean (37.63%) and low GA (1.30%). Total phenols varied from 10.45mg/g to 22.51

mg/g with mean value of 13.38mg/g. The estimates of GCV and PCV were moderate

(17.71 and 17.76, respectively). High heritability (99.00%) was observed along with

high genetic advance as per cent of mean (36.38%) and low GA (4.87%).

4.1.4 Correlation Studies

The phenotypic and genotypic correlation coefficients were worked out for

twenty three (morphological, yield and yield attributing) characters for sixty genotypes

based on data obtained from kharif and rabi seasons. It was evident from the table that,

the values of genotypic correlation coefficient were greater than the values of

phenotypic correlation co efficient for most of the characters.

4.1.4.1 Phenotypic Correlation Coefficients

Phenotypic correlation coefficients of kharif and rabi seasons were presented

in table 14 and 15 respectively.

Fruit yield per plant showed significant positive correlation with fruits per plant

(0.7765 and 0.8217), fhiit weight (0.5367 and 0.4654), weight of infested fiiiit (0.4646

and 0.4084), girth of fimit (0.3482 and 0.3053), plant height (0.3298 and 0.3877),

number of primary branches per plant (0.3015 and 0.3684), percentage of medium

styled flowers (0.2851 and 0.2778), length of fimits (0.2287 and 0.2396) and percentage

of long styled flowers (0.2009 and 0.2297) respectively in both seasons. It exhibited

significant negative correlation with fruit infestation by fruit and shoot borer (-0.4309

and -0.4283), SFB shoot infestation (-0.3657 and -0.3743), percentage of short styled

flowers (-0.0445 and -0.0285), calyx length (-0.2584 and -0.3169), intra cluster
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distance (-0.2241 and -0.1921), RLSA (-0.1923 and -0.2262), and days to last harvest
(-0.1843 and -0.2152) respectively in both seasons.

Plant height showed significant positive correlation with number of primary
branches per plant (0.5358 and 0.5531), fruits per plant (0.3842 and 0.4494), fruit yield
per plant (0.3298and 0.3877) and length of fruits (0.2205 and 0.2477) respectively in
both the season but it was also showed significant positive correlation with RLPS

(0.2128) in kharif season only. It also exhibited significant negative correlation with
SFB shoot infestation (-0.3754 and -0.3858), SFB fruit infestation (-0.3688 and -
0.3869), days to last harvest (-0.3320 and -0.3048), calyx length (-0.2913 and -0.2876).
days to first harvest (-0.2607 and -0.2252) and percentage of short styled flowers (-
0.2310 and -0.2277) respectively in both seasons. It also showed significant negative
correlation with intra cluster distance (-0.1828) and girth of fruit (-0.1817) in the kharif
and rabi seasons respectively.

Number of primary branches showed significant positive correlation with
fruits per plant (0.4555 and 0.4859), fhiit yield per plant (0.3015 and 0.3684) and RLPS
(0.2014 and 0.2074) respectively in both the seasons. It also showed significant positive
correlation with total sugars (0.2142) in the kharif season only. It showed significant
positive correlation with percentage of long styled flowers (0.2319) and length of fruits
(0.1923) in rabi season only. It also exhibited significant negative correlation with SFB
shoot infestation (-0.2825 and -0.2117), calyx length (-0.2610 and -0.2476), days to
last harvest (-0.2503 and -0.2544) and SFB fruit infestation (-0.2293 and -0.2702)
respectively in both seasons. It also showed significant negative correlation with
percentage of short styled flowers (-0.2039) and intra cluster distance (-0.1980) in rabi
season only.

Days to first flower showed significant positive correlation with days to first
harvest (0.8425 and 0.8695), days to last harvest (0.7166 and 0.7176) and percentage
of short styled flowers (0.3010 and 0.3534) respectively in both seasons. It also showed
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significant negative correlation with percentage of long styled flowers (-0.2169) in first
season only.

Percentage of medium styled flowers showed significant positive correlation
with fhiit infestation by fruit and shoot borer (0.2400) and intra cluster distance
(0.1994) in first season only. It also showed significant negative correlation with
percentage of long styled flowers (-0.8040 and -0.7194) and RLPS (-0.2530 and -
0.2716) respectively in both seasons. It also exhibited significant negative correlation
with percentage of short styled flowers (-0.3906) in rabi season only.

Percentage of long styled flowers showed significant positive correlation with
RLPS (0.3662and 0.2515), fruit yield per plant (0.2009 and 0.2297) and total phenols
(0.1971 and 0.2814) respectively in both seasons. It also showed significant positive
correlation with fruits per plant (0.2473), weight of infested fruits (0.1875) and length
of fruits (0.1870) in rabi season only. It also showed significant negative correlation
with percentage of short styled flowers (-0.5727 and -0.3189), SFB fruit infestation (-
0.4187 and -0.2943), SFB shoot infestation (-0.2946 and -0.2735), days to first harvest
(-0.2485 and -0.2558), inter cluster distance (-0.2217 and -0.2404), total sugars (-
0.2098 and -0.2022) and days to last harvest (-0.2050 and -0.2111) respectively in both
seasons. It also exhibited significant negative correlation with intra cluster distance (-
0.2419) and RLSA (-0.2513) respectively in kharif and rabi season.

Percentage of short styled flowers showed significant positive correlation
with days to first harvest (0.4070 and 0.2587) and days to last harvest (0.3952 and
2101) respectively in both the seasons. It showed significant positive correlation with
SFB shoot infestation (0.4119), SFB fruit infestation (0.4116), total sugars (0.3227),
calyx length (0.2189) and inter cluster distance (0.2032) in kharif season only. It also
exhibited significant negative correlation with fhiits per plant (-0.3406 and -0.2400),
fruit yield per plant (-0.2851 and -0.2278) and total phenols (-0.2688 and -0.1865)
respectively in both the seasons. It also showed significant negative correlation with
RLPS (-0.2369) and length of fruits (-0.2400) respectively in kharif and rabi season.
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Intra cluster distance had showed significant positive correlation with fruit

infestation by shoot and fruit borer (0.2824 and 0.2759) respectively in kharif and rabi

season. It also had significant negative correlation with SFB shoot infestation (-0.1777

and -0.1403), fhiits per plant (-0.2682 and -0.2936), RLPS (-0.2617 and -0.2622) and

fruit yield per plant (-0.2241 and -0.1921) respectively in both season. Inter cluster

distance showed significant positive correlation with calyx length (0.4306 and 0.4179),

length of fruits (0.2708 and 0.3131), RLSA (0.2059 and 0.1889) and total sugars

(0.2032 and 0.1894) respectively in both seasons. It also exhibited significant negative

correlation with SFB shoot infestation (-0.3034 and -0.2881), girth of fruit (-0.2353

and -0.2432) and fruits per plant (-0.2247 and -0.1901) respectively in both seasons.

Fruits per plant had significant positive correlation with fhiit yield per plant

(0.8217 and 0.7765), total phenols (0.2714 and 0.2453) respectively in both the season.

It also showed significant positive correlation with RLPS (0.2450) and length of finits

(0.2023) in rabi season only. Fruits per plant showed significant negative correlation

with calyx length (-0.4530 and -0.4801), SFB shoot infestation (-0.4491 and -0.4924),

SFB finit infestation (-0.3846 and -0.4683), RLSA (-0.1987 and -0.2517), days to last

harvest (-0.1975 and -0.2744) and days to first harvest (-0.1860 and -0.2160)

respectively in both the seasons.

Length of fruits showed significant positive correlation with total phenols

(0.2539 and 0.2570), fruit yield per plant (0.2287 and 0.2396) and RLPS (0.1863 and

0.2223) respectively in both the seasons. It also had significant positive correlation

with weight of infested fruits (0.1986) in kharif season only. It showed significant

negative correlation with girth of fruit (-0.3006 and -0.3072) and SFB fruit infestation

(-0.2734 and -0.2675) respectively in both seasons. Girth of fruit showed significant

positive correlation with fhiit weight (0.6459 and 0.6572), weight of infested fiaxits

(0.5502 and 0.5705) , fruit yield per plant (0.3482 and 0.3053) and it also showed

significant negative correlation with RLPS (-0.2315 and -0.2817) and RLSA (-0.1824

and -0,2236) respectively in both seasons. Fruit weight showed significant positive
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correlation with weight of infested fruits (0.8743 and 0.8782) and fmit yield per plant
(0.5367 and 0.4654) respectively in both the seasons.

Days to first harvest showed significant positive correlation with days to last
harvest (0.9132 and 0.9176) and calyx length (0.1848 and 0.2160) respectively in both
the seasons whereas days to last harvest showed significant positive correlation with
calyx length (0.2037) in second season only. It also showed significant negative
correlation with fruit yield per plant (-0.1843 and -0.2152) in both seasons.

SFB shoot infestation showed significant positive correlation with SFB fiuit

infestation (0.7741 and 0.6847) and total sugars (0.4622 and 0.4512) respectively in
both seasons. It also showed significant negative correlation with RLPS (-0.5772 and
-0.5144), RLSA (-0.5177 and -0.5143), calyx length (-0.5143 and -0.5156) and total
phenols (-0.5721 and -0.5658) respectively in Kharif and rabi seasons.

SFB finit infestation showed significant positive correlation with RLSA

(0.5343 and 0.5337), RLPS (-0.5780 and -0.6434), total sugars (0.3399 and 0.3930)
and calyx length (0.2916 and 0.2452) respectively in both seasons. It also showed

significant negative correlation with, total phenols (-0.4207 and -0.4617) and weight
of infested fhiits (-0.2218 and -0.1880) respectively in both seasons.

Calyx length had significant positive correlation with total sugars (0.3003 and
0.3002) respectively in both the seasons and it also had significant positive correlation
with RLSA (0.2325) in kharif season only. It showed significant negative correlation
with total phenols (-0.2788 and -0.2747) in both the seasons respectively.

RLPS had significant positive correlation with total phenols (0.5878 and
0.5364) and significant negative correlation with total sugars (-0.4657 and -0.4034)
and RLSA (-0.4000 and -0.3521) in both the seasons respectively. RLSA had
significant positive correlation with total sugars (0.3695 and 0.3543) and significant
negative correlation with total phenols (-0.4612 and -0.4700) in both seasons
respectively. It also showed significant negative correlation with weight of infested
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fruits (-0.1953) in rabi season only. Total sugars had significant negative correlation

with total phenols (-0.8847 and -0.8643) in both the seasons respectively. Total sugars

had significantly negative correlation with total phenols (-0.8847 and -0.8643) in both

the seasons respectively.

4.1,4,2 Genotypic Correlation Coefficients

Genotypic correlation coefficients were higher than phenotypic correlation for

the characters under study. Genotypic correlation coefficients in both kharif and rabi

seasons were presented in table 16 and 17 respectively.

Fruit yield per plant showed significant positive correlation with fruits per plant

(0.8024 and 0.8491), fhiit weight (0.5426 and 0.4693), weight of infested fruit (0.4743

and 0.4107), girth of fruit (0.3543 and 0.3069), plant height (0.3397 and 0.3926),
number of primary branches per plant (0.3288 and 0.3903), percentage of medium
styled flowers (0.3599 and 0.3849), percentage of long styled flowers (0.2563 and

0.2655), length of fruits (0.2337 and 0.2407) respectively in both the seasons. It

exhibited significant negative correlation with SFB fruit infestation (-04436 and -

0.4392), SFB shoot infestation (-0.3724 and -0.3782), percentage of short styled
flowers (-0.1090 and -0.0215), calyx length (-0.2588 and -0.3219), intra cluster

distance (-0.2432 and -0.1935), RLSA (-0.2127 and -0.2349), and days to last harvest

(-0.1886 and -0.2161) respectively in kharif and rabi seasons.

Plant height showed significant positive correlation with number of primary
branches per plant (0.5582 and 0.5788), fruits per plant (0.3969 and 0.4644), fruit yield
per plant (0.3397 and 0.3926) and length of fruits (0.2276 and 0.2540) and RLPS

(0.1814 and 0.2189) respectively in both seasons but it was also showed significant
positive correlation with percentage of long styled flowers (0.2072) in kharif season

only. It also exhibited significant negative correlation with SFB shoot infestation (-
0.3860 and -0.4015), SFB fruit infestation (-0.3758 and -0.3967), days to last harvest

(-0.3384 and -0.3074), percentage of short styled flowers (-0.3072 and -0.3926), calyx
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length (-0.2960 and -0.2926), days to first harvest (-0.2741 and -0.2302) and intra

cluster distance (-0.1924 and -0.1869) in kharif and rabi seasons respectively.

Number of primary branches showed significant positive correlation with

fruits per plant (0.4914 and 0.5150), fruit yield per plant (0.3288 and 0.3903) and RLPS

(0.2168 and 0.2217) respectively in both the seasons. It also showed significant positive

correlation with total phenols (0.2316) in the kharif season only. It showed significant

positive correlation with percentage of long styled flowers (0.2470) and length of fruits

(0.2026) in rabi season only. It also exhibited significant negative correlation with SFB

shoot infestation (-0.3057 and -0.2202), days to last harvest (-0.2746 and -0.2747),

calyx length (-0.2743 and -0.2484), and SFB fruit infestation (-0.2451 and -0.2736)

and intra cluster distance (-0.2066 and -0.2098) respectively in both seasons. It also

showed significant negative correlation with percentage of short styled flowers (-

0.2423) in rabi season only.

Days to first flower showed significant positive correlation with days to first

harvest (0.9029 and 0.8751), days to last harvest (0.7321 and 0.7336) and percentage

of short styled flowers (0.4198 and 0.4597) and significant negative correlation with

percentage of long styled flowers (-0.1979 and -0.2308) respectively in both seasons.

Percentage of medium styled flowers showed significant positive correlation

with SFB fruit infestation (0.3907), intra cluster distance (0.3248), RLSA (0.2597),

inter cluster distance (0.2388) and girth of fruit (0.1945) in kharif season only. It also

showed significant negative correlation with percentage of long styled flowers (-0.9748

and -0.8477), percentage of short styled flowers (-0.4614 and -0.5065) and RLPS (-

0.5037 and -0.3216) respectively in both seasons.

Percentage of long styled flowers showed significant positive correlation with

RLPS (0.5345 and 0.3257), fruit yield per plant (0.2563 and 0.2655), total phenols

(0.3126 and 0.3340), length of fruits (0.2480 and 0.2142) and fiuits per plant (0.2049

and 0.3382) respectively in both the seasons. It also showed significant positive
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correlation with fruits per plant (0.2473), weight of infested fruits (0.1875) and length

of fruits (0.1870) in rabi season only. It also showed significant negative correlation

with SFB fhiit infestation (-0.5998 and -0.3236), SFB shoot infestation (-0.4375 and -

0.3304), inter cluster distance (-0.3367 and -0.3012), total sugars (-0.3268 and -

0.2499), days to first harvest (-0.2703 and -0.3063), days to last harvest (-0.2918 and -

0.2502) and RLSA (-0.2920 and -0.3048) respectively in both seasons. It also exhibited

significant negative correlation with intra cluster distance (-0.3212) and percentage of

short styled flowers (-0.3299) in kharif season only.

Percentage of short styled flowers showed significant positive correlation

with days to first harvest (0.5104 and 0.3806) and days to last harvest (0.5501 and

0.2865) respectively in both seasons. It also exhibited significant negative correlation

with fhiits per plant (-0.4605 and -0.4238), fhiit yield per plant (-0.3599 and -0.3849)

and total phenols (-0.3832 and -0.2520) respectively in both seasons.

Intra cluster distance had showed significant positive correlation with SFB

fruit infestation (0.2968 and 0.2759) respectively in kharif and rabi season. It also had

negative correlation with SFB shoot infestation (-0. 1945 and -0.1411), fruits per plant

(-0.2682 and -0.3205), RLPS (-0.2697 and -0.2758) and fruit yield per plant (-0.2432

and -0.1935) respectively in both season. Inter cluster distance showed significant

positive correlation with calyx length (0.4420 and 0.4369), length of fhiits (0.2732 and

0.3174), RLSA (0.2065 and 0.1926) and total sugars (0.2065 and 0.2005) respectively

in both the seasons. It also exhibited significant negative correlation with SFB shoot

infestation (-0.3083 and -0.3087), girth of fruit (-0.2392 and -0.2491) and fhiits per

plant (-0.2330 and -0.1996) respectively in both the seasons.

Fruits per plant had significant positive correlation with fhiit yield per plant

(0.8024 and 0.8491), total phenols (0.2483and 0.2844) respectively in both the season.

Fruits per plant showed significant negative correlation wath calyx length (-0.4801 and

-0.4947), SFB shoot infestation (-0.4598 and -0.5177), SFB fhiit infestation (-0.3998

and -0.4991) and RLSA (-0. 2134 and -0.2717) respectively in both the seasons.

lio
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Length of fruits showed significant positive correlation with total phenols

(0.2567 and 0.2587), fruit yield per plant (0.2337 and 0.2407) and RLPS (0.1898 and

0.2241) respectively in both the seasons. It showed significant negative correlation

with girth of fruit (-0.3053 and -0.3087) and SFB fruit infestation (-0.2818 and -0.2697)

respectively in both the seasons.

Girth of fruit showed significant positive correlation with fhait weight

(0.6558 and 0.6601), weight of infested fhiits (0.5549 and 0.5721), fruit yield per plant

(0.3543 and 0.3069) and it also showed significant negative correlation with RIPS (-

0.2402 and -0.2833) and RLSA (-0.1877 and -0.2322) respectively in kharif and rabi

seasons.

Fruit weight showed significant positive correlation with weight of infested

fiuits (0.8860 and 0.8833) and fruit yield per plant (0.5426 and 0.4693) respectively in

both the seasons.

Days to first harvest showed significant positive correlation with days to last

harvest (0.9370 and 0.9273) and calyx length (0.1932 and 0.2210) respectively in both

the seasons whereas days to last harvest showed significant negative correlation with

fhiit yield per plant (-0.1886 and -0.2161) in both seasons.

SFB shoot infestation showed significant positive correlation with SFB fhiit

infestation (0.7921 and 0.7073) and total sugars (0.4677 and 0.4609) respectively in

kharif and rabi seasons. It also showed significant negative correlation with RLPS (-

0.5910 and -0.5300) and total phenols (-0.5752 and -0.5774) respectively in both the

seasons.

SFB fhiit infestation showed significant positive correlation with RLSA

(0.5779 and 0.5562), total sugars (0.3460 and 0.4084) and calyx length (0.3021 and

0.2548) respectively in both the seasons. It also showed significant negative correlation

with RLPS (-0.5963 and -0.6657), RLSA (-0.5441 and -0.5368) and calyx length (-

Bl



0.5272 and -0.5230), total phenols (-0.4295 and -0.4738) and weight of infested fruits

(-0.2249 and -0.1943) respectively in kharif and rabi seasons.

Calyx length had significant positive correlation with total sugars (0.3081 and

0.3091) respectively in both the seasons respectively. It showed significant negative

correlation with total phenols (-0.2867 and -0.2775) in both the seasons respectively.

RLPS had significant positive correlation with total phenols (0.5986 and

0.5428) and significant negative correlation with total sugars (-0.4733 and -0.4089)

and RLSA (-0.4168 and -0.3687) in both the seasons respectively. RLSA had

significant positive correlation with total sugars (0.3859 and 0.3753) and significant

negative correlation with total phenols (-0.4815 and -0.4905) in kharif and rabi seasons

respectively. Total sugars had significant negative correlation with total phenols (-

0.8894 and -0.8696) in both seasons respectively. Total sugars had significantly

negative correlation with total phenols (-0.8894 and -0.8696) in both seasons

respectively.

4.1.5 Path Coefficient Analysis

Genotypic correlation between yield and its component characters were

portioned into different components to find out the direct and indirect contribution of

each character on yield. Plant height, number of primary branches per plant, days to

50 % flowering, percentage of medium styled flowers, percentage of long styled

flowers, fruits per plant, length of the fruit, girth of fhiit, fiiiit weight and days to first

harvest were selected for path coefficient analysis. Direct and indirect effects of yield

components during kharif and rabi seasons are presented in table 18 and 19

respectively.

4.L5.1 Direct and Indirect Effects of Yield Components ofBrinja! in Kharif Season

The plant height showed positive direct effect (0.0462) had strong positive

association with fhiit yield per plant (0.3397). This is mainly because of its indirect

positive effect through number of primary branches (0.0258), fruits per plant (0.0183),
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fruit length (0.0105) percentage of long styled flowers (0.0096) and indirect negative

effect through days to first harvest (-0.0127), percentage of medium styled flowers (-

0.028), fhiit weight (-0.0046) and girth of fruit (-0.0073).

Number of primary branches per plant showed positive direct effect (0.0774)

on fhiit yield per plant (0.3288). However, its strong positive association with fruit

yield was mainly of its positive indirect effect through plant height (0.0432), number

of fhjits per plant (0.2138), fruit length (0.0124), percentage of long styled flowers

(0.0095) and negative indirect effect through days to first harvest (-0.0121), fhiit

weight (-0.0105), percentage of medium styled flowers (-0.0053) and girth of fhiit (-

0.0045).

Genotypic correlation of days to first flower with yield was -0.0618. Most of it

was contributed by negative direct effect (-0.0409) and by indirect positive effect

through days to first harvest (0.0369). It also contributed by negative indirect effect

through plant height (-0.0051), percentage of medium styled flowers (-0.0022),

percentage of long styled flowers (-0.0081), fruit weight (-0.0018)) and girth of fhiit (-

0.0048).

Percentage of medium styled flowers showed positive direct effect (0.5699) had

strong positive association with fhiit yield per plant (0.1090). This is mainly because

of its indirect positive effect through number of fh;its per plant (0.0363), girth of fimit

(0.1108) and indirect negative effect through percentage of long styled flowers (-

0.5556), fruit length (-0.1555), days to first harvest (-0.081), fruit weight (-0.0791),

number of primary branches per plant (-0.0390) and plant height (-0.0344).

Percentage of long styled flowers showed positive direct effect (0.5998) had

strong positive association with fruit yield per plant (0.2563). This is mainly because

of its indirect positive effect through plant height (0.1243), number of fiiiits per plant

(0.1229), fruit length (0.1488), fruit weight (0.0886), number of primary

branches(0.0733) and indirect negative effect through mainly percentage of medium
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styled flowers (-0.5847), days to first flower (-0.1187), days to first harvest (-0.1621)
and girth of fruit (-0.0570).

Genotypic correlation of number of fruits per plant with yield was 0.8024. Most

of it was contributed by positive direct effect (0.6335) and by indirect positive effect

through number of primary branches per plant (0.3113), plant height (0.2515),

percentage of long styled flowers (0.1298), fruit length (0.1116), girth of fruit (0.1009)

and fhiit weight (0.0393). It also contributed by negative indirect effect through days
to first flower (-0.0358) and days to first harvest (-0.1177).

Fruit length despite its negative direct effect (-0.1206) had strong positive

association with fhiit yield per plant (0.2337). This is mainly because of its high
indirect positive effect through percentage of medium styled flowers (0.0329), girth of
fruit (0.0368) and negative indirect effect through plant height (-0.0274), number of

branches per plant (-0.0194), days to first flower (-0.0196), percentage of long styled
flowers (-0.0299), number of fhiits per plant (-0.0212) and fhiit weight (-0.0199).

Fruit girth showed negative direct effect (-0.2866) had strong positive

association with fimit yield per plant (0.3543). This is mainly because of its indirect

positive effect through fruit length (0.0875), plant height (0.0451), days to first flower

(0.0333), percentage of long styled flowers (0.0273), number of primary branches

(0.0166), days to first harvest (0.0136) and fruit weight (0.1882). Indirect negative

effect through percentage of medium styled flowers (-0.0557) and number of fruits per

plant (-0.0456).

Fruit weight showed positive direct effect (0.7192) had strong positive

association with fruit yield per plant (0.5426). This is mainly because of its indirect

positive effect through girth of fruit (0.4716), fimit length (0.1184), percentage of long
styled flowers (0.1062), number of fruits per plant (0.0447) and indirect negative

effect through number of primary branches (-0.0977), percentage of medium styled

flowers (-0.0998), plant height (-0.0709) and days to first flower (-0.0318).



Ii3

Days to first harvest showed positive direct effect (0.1193) had negative

association with fruit yield per plant (-0.1614). This is mainly because of its high
indirect positive effect through days to first flower (0.1077), fhiit length (0.0138) but
its indirect negative contribution to the yield is mainly through number of fruits per
plant (-0.0222), plant height (-0.0327) and number of branches per plant (-0.0187).

4.7.5.2 Direct and Indirect Effects of Yield Components ofBrinjai in Rabi Season,

The plant height showed positive direct effect (0.0884) had strong positive

association with fruit yield per plant (0.3926). This is mainly because of its indirect

positive effect through number of primary branches (0.0512), fhiits per plant (0.0411),
fhiit length (0.0225) percentage of long styled flowers (0.0130) and indirect negative

effect through days to first harvest (-0.0203), fruit weight (-0.0093) and girth of fruit (-
0.0163).

Number of primary branches per plant showed positive direct effect (0.0337)
on fhut yield per plant (0.3903). However, its strong positive association with fhiit

yield was mainly of its positive indirect effect through plant height (0.0195), number
of fruits per plant (0.1173) and negative indirect effect through percentage of medium
styled flowers (-0.0083) and days to first harvest (-0.0154).

Genotypic correlation of days to first flower with yield was -0.1278. Most of it

was contributed by negative direct effect (-0.0663) and by indirect positive effect

through days to first harvest (0.0580) and number of fruits per plant (0.0112). It also

contributed by negative indirect effect through plant height (-0.0089), percentage of
medium styled flowers (-0.0042) and percentage of long styled flowers (-0.0153).

Percentage of medium styled flowers showed positive direct effect (0.4608) had
strong positive association with fruit yield per plant (0.0215). This is mainly because

of its indirect positive effect through number of fruits per plant (0.0214) and indirect

negative effect through percentage of long styled flowers (-0.0177), fruit weight (-
0.0029), number of primary branches per plant (-0.0018) and plant height (-0.0019).

I ^ 6



Ta
bl
e 
19

. D
ir
ec
t a

nd
 i
nd

ir
ec

t e
ff
ec
ts
 o
f 
yi

el
d 
co
mp
on
en
ts
 o
f 
br
in
ja
l 
in

 r
ab

i 
se
as
on

C
h
a
r
a
c
t
e
r

P
l
a
n
t

he
ig

ht
(
c
m
)

N
o
.
 o
f

pr
im

ar
y

b
r
a
n
c
h
e
s
/

pl
an

t

D
a
y
s
 t
o

fi
rs

t

f
l
o
w
e
r

M
e
d
i
u
m

st
yl
ed

fl
o
w
e
r
s

(
%
)

L
o
n
g

st
yl
ed

fl
o
w
e
r
s

(
%
)

N
o
.
 o
f

fh
ii

ts
/

pl
an

t

Le
ng
th

o
f
 fr

ui
t

(
c
m
)

G
i
r
t
h
 o
f

fr
ui

t (
c
m
)

Fr
ui

t

we
ig

ht

(
B
)

D
a
y
s
 t
o

fi
rs

t

h
a
r
v
e
s
t

Fr
ui
t 
yi
el
d

pe
r 
pl

an
t

(
g
)

Pl
an
t 
he

ig
ht

 (
c
m
)

0
.
0
8
8
4

0
.
0
5
1
2

-
0
.
0
1
1
8

0
.
0
0
8
1

0
.
0
1
3
0

0
.
0
4
1
1

0
.
0
2
2
5

-
0
.
0
1
6
3

-
0
.
0
0
9
3

-
0
.
0
2
0
3

0
.
3
9
2
6

N
o
.
 o
f
 p
ri

ma
ry

br
an
ch
es
s/
pi
an
t

0
.
0
1
9
5

0
.
0
3
3
7

0
.
0
0
3
1

0
.
0
0
2
9

-
0
.
0
0
8
3

0
.
1
1
7
3

-
0
.
0
0
6
8

-
0
.
0
0
0
8

0
.
0
0
1
7

0
.
0
0
5
4

0
.
3
9
0
3

D
a
y
s
 t
o 

fi
rs
t 
fl
o
w
e
r

0
.
0
0
8
9

0
.
0
0
6

-
0
.
0
6
6
3

0
.
0
0
4
2

0
.
0
1
5
3

0
.
0
1
1
2

-
0
.
0
1
1
1

0
.
0
0
8
3

0
.
0
0
2
3

-
0
.
0
5
8

-
0
.
1
2
7
8

M
e
d
i
u
m
 s
ty
le
d

fl
o
w
e
r
s
 (
%
)

0
.
0
0
1
9

-
0
.
0
0
1
8

-
0
.
0
0
1
3

0
.
4
6
0
8

-
0
.
0
1
7
7

-
0
.
0
0
1
4

-
0
.
0
0
0
5

0
.
0
0
9
2

-
0
.
0
0
2
9

0
.
0
0
1
3

-
0
.
0
2
1
5

L
o
n
g
 s
ty
le
d 

fl
o
w
e
r
s

(
%
)

-
0
.
0
1
2
3

-
0
.
0
1
6
8

0
.
0
1
5
7

0
.
0
5
7
5

0
.
5
1
1
3

-
0
.
0
2
2
9

-
0
.
0
1
4
5

o
.
o
o
n

-
0
.
0
1
1
4

0
.
0
2
0
8

0
.
2
6
5
5

N
o
.
o
f
 fr

ui
ts

/ 
pl

an
t

0
.
3
8
6
7

0
.
4
2
8
9

-
0
.
1
2
5
4

-
0
.
0
5
6
1

0
.
2
8
1
6

0
.
8
3
2
7

0
.
1
7
5
8

0
.
0
5
7
7

0
.
0
6
2

-
0
.
1
8
7
3

0
.
8
4
9
1

L
e
n
g
t
h
 o
f
 fr

ui
t (
c
m
)

-
0
.
0
0
6
5

-
0
.
0
0
5
2

-
0
.
0
0
4
3

0
.
0
0
0
6

-
0
.
0
0
5
5

-
0
.
0
0
5
4

-
0
.
0
2
5
6

0
.
0
0
7
9

-
0
.
0
0
4

-
0
.
0
0
3
1

0
.
2
4
0
7

Gi
rt
h 
o
f
 fr

ui
t (
c
m
)

0
.
0
1
0
9

-
0
.
0
0
1
4

0
.
0
0
7
4

0
.
0
0
0
1

0
.
0
0
0
9

-
0
.
0
0
4
1

0
.
0
1
8
4

-
0
.
0
5
9
5

0
.
1
3
9
3

0
.
0
0
1
1

0
.
3
0
6
9

Fr
ui
t 
w
e
i
g
h
t
 (
g
)

-
0
.
0
4
9
5

-
0
.
0
2
4

-
0
.
0
1
6
3

-
0
.
0
6
4
7

0
.
0
7
9

0
.
0
3
5

0
.
0
7
2
8

0
.
3
1
1
0

0
.
4
6
9
6

0
.
0
0
2
9

0
.
4
6
9
3

D
a
y
s
 t
o 

fi
rs
t 
ha

rv
es

t
-
0
.
0
1
8
8

-
0
.
0
1
3
1

0
.
0
7
1
4

0
.
0
0
5
1

-
0
.
0
2
5

-
0
.
0
1
8
4

0
.
0
0
9
8

-
0
.
0
0
1
5

0
.
0
0
0
5

0
.
0
8
1
6

-
0
.
1
5
5
8

R
E
S
I
D
U
A
L
 E
F
F
E
C
T
 =
 
0
.
0
3
1
3



165

Percentage of long styled flowers showed positive direct effect (0.5113) had

strong positive association with fhiit yield per plant (0.2655). This is mainly because

of its indirect positive effect through percentage of medium styled flowers (0.0575),

plant height (0.1230), number of fhaits per plant (0.0229), number ofprimary branches

(0.0168) and indirect negative effect through mainly days to first flower (-0.0157) and

days to first harvest (-0.0208).

Genotypic correlation of number of fruits per plant with yield was 0.8491. Most

of it was contributed by positive direct effect (0.8327) and by indirect positive effect

through number of primary branches per plant (0.4289), plant height (0.3867),

percentage of long styled flowers (0.2816), fruit length (0.1758), girth of fruit (0.0577)

and fhnt weight (0.0620). It also contributed by negative indirect effect through days

to first flower (-0.1254) and days to first harvest (-0.1873).

Fruit length despite its negative direct effect (-0.0256) had strong positive

association with fruit yield per plant (0.2407). This is mainly because of its indirect

positive effect through percentage of medium styled flowers (0.0026),girth of fruit

(0.0079) and negative indirect effect through plant height (-0.0065), number of

branches per plant (-0.0052), days to first flower (-0.0043) and girth of fruit (-0.0079).

Fruit girth showed negative direct effect (-0.0595) had strong positive

association with fruit yield per plant (0.3069). This is mainly because of its indirect

positive effect through fruit girth(0.1393), fruit length (0.0184), plant height (0.0109),

days to first flower (0.0074) and indirect negative effect through fhiit weight (-0.0393)

and number of fruits per plant (-0.0241).

Fruit weight showed positive direct effect (0.4696) had strong positive

association with fruit yield per plant (0.4693). This is mainly because of its indirect

positive effect through girth of fruit (0.3100), fruit length (0.0728), percentage of long

styled flowers (0.0790), number of fruits per plant (0.0350) and indirect negative

3S
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effect through number of primary branches (-0.0240), percentage of medium styled
flowers (-0.0647), plant height (-0.0495) and days to first flower (-0.0163).

Days to first harvest showed positive direct effect (0.0816) had negative

association with fruit yield per plant (-0.1558). This is mainly because of its high
indirect positive effect through days to first flower (0.0714), fruit length (0.0098) but
its indirect negative contribution to the yield is mainly through number of fruits per

plant (-0.0184), plant height (-0.0188) and number of branches per plant (-0.0131).

4.1.6 Selection Index

Discriminate function techmque was adopted for the construction of selection

index for yield using fruit yield per plant and the component characters v/2,, plant
height, number of primary branches, fruits per plant, girth of fruit and fruit weight.
These component characters showed relatively stronger association with yield and
could form a valuable selection index for yield in this crop.

The index value for each sixty genotypes were determined and they were

ranked accordingly (Table 20 and 21). Top index values for five genotypes were
recorded. The genotype SM 36 (4714.73 and 4724.25), SM 2 (4554.09 and 4676.91),

SM 9 (4417.26 and 4471.43), SM 14 (4330.44 and 4313.06) and SM 21 (4207.61 and

4255.83) respectively in both khanf and rabi season and these best five high yielding
genotypes were further selected for hybridization programme.

4.1.7 Screening for Shoot and fruit borer Resistance/Tolerance in Kharif and

Rabi Seasons

Screening of accessions based on the extent of damage to shoots and fruits

were done under this study. The data of damage parameters collected from field

experiment with sixty accessions were subjected to statistical analysis. There is no

much seasonal difference among the genotypes for shoot infestation as well as fhiit

infestation by SFB was observed in Vellayani (Thiruvananthapuram) climatic

conditions.

3^
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4,L 7A Shoot Infestation Percentage by SFB during Kharifand Rabi Season

SFB shoot infestation was screened for all sixty genotypes based on the shoot

infestation percentage from 30 to 90 days after transplanting at 10 days interval (Table

22 and 23). A wide variation for shoot infestation by SFB was observed among the

genotypes.

The minimum percentage of young shoots infestation was recorded in SMI

(5.65,5.75,7.10,6.83, 6.90, 5.10, and 4.60) followed by SM 60 (7.15, 9.00, 8.25,7.54,

6.0, 4.65 and 4.10) and SM 59 (11.00, 13.00, 13.00, 12.65, 12.50, 12.40 and 11.65).

Infestation of young shoots was highest in SM 47 (51.75, 50.35, 48.95, 48.90, 47.85,

42.75 and 37.60) followed by SM 57 (50.20, 49.90, 51.60, 52.55, 48.75, 37.80 and

34.55), SM 51 (49.00, 50.75, 51.25, 49.00, 48.25, 37.00 and 34.05) and SM 54 (50.70,

48.90,48.70,49.85,50.15,37.85 and 32.75) at all 30 DAT, 40 DAT, 50 DAT, 60 DAT,

70 DAT, 80 DAT and 90 DAT respectively in kharif season.

In rabi season the minimum percentage of young shoots infestation was

recorded in SMI (6.10,6.35,7.50, 6.90, 7.10,4.90 and 4.50) followed by SM 60 (7.75,

8.75, 7.60, 6.75, 5.25, 5.10 and 3.95) and SM 59 (12.15, 12.75, 12.65, 12.20, 12.45,

11.90 and 11.10). Highest infestation of young shoots was recorded in SM 47 (52.75,

51.05, 52.75, 51.05, 48.00, 37.80 and 30.60) followed by SM 27 (53.75, 51.90, 53.90,

52.60, 46.30, 41.75 and 23.35), SM 51 (51.75, 52.50, 51.70, 48.95, 47.15, 37.50 and

33.65) and SM 54 (53.50, 52.25, 52.50, 48.00, 46.25, 36.85 and 31.75) at 30 DAT, 40

DAT, 50 DAT, 60 DAT, 70 DAT, 80 DAT and 90 DAT respectively.

4A, 7A.2 Fruit Infestation Percentage by SFB during Kharifand Rabi seasons.

SFB fniit infestation was screened based on the fruit infestation percentage

from 60 to 100 days after transplanting at 10 days interval is provided (Table 24 and

25). Differential response to the fruit infestation by SFB was noticed in the germplasm.

Percentage of fruit infestation was least in case of SM 1 (6.15, 7.50, 7.70, 7.35,

7.5 and 7.24), SM 60 (7.00, 7.85, 8.00, 7.15, 7.15 and 7.43) and SM 59 (13.25, 13.00,
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Table 22: Percentage of shoots damaged by shoot and fruit borer {L. orbomlis) at
different intervals in kharif season

Genotype 30

DAT

40

DAT

50

DAT

60

DAT

70

DAT

SO

DAT

90

DAT

Pooled

Mean

Rating

SMI 5.65 5.75 7.10 6.84 6.90 5.10 4.60 5.991 HR

SM2 33.75 34.50 35.60 35.75 33.50 33.15 29.50 33.679 S

SM3 46.40 40.30 43.50 35.50 29.90 26.50 24.35 35.207 s

SM4 41.25 40.50 38.20 31.85 29.60 25.00 21.00 32.486 s

SM5 44.65 40.80 44.70 31.95 28.75 25.00 19.75 33.657 s

SM6 50.85 52.60 47.75 48.55 45.90 38.05 35.40 45.586 HS

SM7 42.05 38.00 40.10 29.50 30.00 27.25 24.10 33.000 S

SMS 46.40 38.35 40.75 33.00 29.05 25.00 21.50 33.436 S

SM9 34.72 35.15 34.60 35.50 35.45 32.60 29.25 33.896 S

SMIO 47.75 40.55 43.00 31.75 29.25 26.50 23.75 34.650 s

SMll 50.80 47.75 51.65 36.90 30.50 25.80 20.50 37.700 S

SM12 44.75 40.35 43.60 34.00 29.50 25.00 20.10 33.900 s

SM13 42.45 39.80 40.00 29.75 29.50 27.40 24.75 33.379 s

SM14 34.50 34.25 36.50 33.25 31.20 34.70 28.15 33.221 s

SM15 41.35 40.75 42.50 29.30 27.45 25.70 20.50 32.507 s

SM16 48.00 40.50 43.00 32.50 29.75 27.50 24.10 35.050 s

SM17 51.10 44.30 44.80 31.90 29.75 26.10 22.85 35.829 s

SMI 8 50.10 51.70 51.20 35.50 31.85 25.25 21.50 38.157 s

SM19 50.10 47.50 46.05 39.70 29.50 23.50 17.40 36.250 s

SM20 44.90 45.30 47.50 36.30 33.50 26.90 18.35 36.107 s

SM2I 37.50 39.00 41.00 33.50 30.25 31.90 28.00 34.450 s

SM22 35.10 37.60 36.90 35.50 31.75 30.60 21.50 32.707 s

SM23 40.65 42.10 44.00 32.00 29.25 23.40 21.50 33.271 s

SM24 36.40 45.35 41.55 40.50 30.50 25.70 21.50 34.500 s

SM25 56.60 53.50 54.10 37.40 30.50 30.60 28.90 41.657 HS

SM26 38.35 40.00 41.85 32.50 28.00 24.15 22.50 32.479 s

SM27 53.50 53.90 55.30 42.00 35.70 28.50 25.20 42.014 HS

SM28 49.90 50.50 47.80 34.80 32.50 26.20 19.75 37.350 S

SM29 45.80 45.75 46.50 33.50 30.25 25.50 20.00 35.329 S

SM30 50.70 51.60 50.70 33.80 27.90 26.10 20.50 37.329 s

SM31 45.75 47.50 50.00 33.40 27.75 22.60 18.00 35.000 s

SM32 41.90 42.20 41.25 30.70 27.00 24.25 19.00 32.329 s

SM33 39.15 36.70 37.50 24.95 22.00 21.40 17.50 28.457 T

SM34 50.10 50.65 51.40 36.40 27.00 21.25 16.15 36.136
s
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SM35 47.45 46.00 45.10 33.90 28.10 22.50 16.25 34.186 S

SM36 34.90 33.85 35.60 34.35 33.50 31.70 30.40 33.471 S

SM37 51.00 50.80 52.10 35.00 31.00 25.65 19.90 37.921 s

SM38 52.90 50.40 50.50 34.00 28.75 24.25 16.30 36.729 s

SM39 48.15 44.50 35.25 30.00 28.00 24.00 19.50 32.771 s

SM40 50.60 51.65 52.60 32.00 29.95 23.90 16.25 36.707 s

SM41 49.15 50.00 52.50 32.25 28.75 23.25 16.65 36.079 s

SM42 37.00 40.60 44.00 29.25 30.25 25.50 20.25 32.407 s

SM43 35.00 34.00 33.75 29.60 27.25 23.86 19.25 28.959 T

SM44 33.00 36.95 36.50 34.00 34.75 34.10 20.35 32.807 S

SM45 36.75 35.80 38.30 35.40 33.65 30.35 18.75 32.714 S

SM46 30.75 32.10 33.75 25.60 23.90 22.85 19.00 26.850 T

SM47 51.75 50.35 48.95 48.90 47.85 42.75 37.60 46.879 HS

SM48 33.60 35.90 36.90 32.60 31.50 32.35 30.25 33.300 S

SM49 31.00 31.70 35.30 26.00 24.50 18.75 15.50 26.107 T

SM50 35.20 33.35 34.10 34.60 32.20 32.05 18.50 31.429 S

SM51 49.00 50.75 51.25 49.00 48.25 37.00 34.05 45.614 HS

SM52 34.00 34.95 35.00 27.90 25.75 19.00 15.80 27.486 T

SM53 34.50 31.90 32.50 27.60 24.25 19.50 14.75 26.429 T

SM54 50.70 48.90 48.70 49.85 50.15 37.85 32.75 45.557 HS

SM55 32.60 31.25 33.60 33.15 31.45 31.55 27.85 31.636 S

SM56 51.50 51.35 50.85 48.15 37.80 33.50 26.70 42.836 HS

SM57 50.20 49.90 51.60 52.55 48.75 37.80 34.55 46.479 HS

SM58 46.40 46.10 51.00 30.90 27.50 20.50 15.10 33.929 S

SM59 11.00 13.00 13.00 12.65 12.50 12.40 11.65 12.314 MR

SM60 7.15 9.00 8.25 7.55 6.00 4.65 4.10 6.671 HR

CD at 5% 4.212 2.363 2.251 3.061 1.862 2.101 1.514 2.902

Mean 41.64 41.00 41.72 33.45 30.29 26.43 21.72 33.74

DAT- Days After Transplanting

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly Susceptible
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Table 23; Percentage of shoots damaged by shoot and fruit borer (L orbonalis) at
different intervals in rabi season

Genotype 30

DAT

40

DAT

50

DAT

60

DAT

70

DAT

80

DAT

90

DAT

Pooled

Mean

Rating

SMI 6.10 6.35 7.50 6.90 7.10 4.90 4.50 6.193 HR

SM2 33.50 37.65 38.50 31.25 30.50 29.25 27.05 32.529 S

SM3 41.00 38.90 40.05 31.25 30.50 27.90 23.60 33.314 S

SM4 37.25 33.25 37.25 29.40 29.50 26.80 20.75 30.600 S

SMS 40.35 41.70 44.50 32.80 30.50 23.50 20.50 33.407 S

SM6 50.95 49.85 49.10 45.65 42.65 42.30 36.85 45.336 HS

SM7 40.50 35.50 38.60 30.50 29.75 26.90 22.75 32.071 S

SMS 41.80 38.40 40.90 35.00 29.50 25.50 20.50 33.086 S

SM9 33.50 32.95 34.60 31.00 30.25 28.95 27.50 31.250 S

SMIO 44.00 37.50 43.80 32.25 29.25 25.25 22.00 33.436 S

SMll 49.10 46.90 47.50 33.50 29.10 24.50 19.75 35.764 S

SM12 44.90 41.15 41.10 31.25 28.70 24.75 21.80 33.379 s

SM13 38.10 35.20 35.50 30.50 29.60 26.50 23.50 31.271 s

SM14 36.75 38.00 38.60 32.00 30.50 29.50 28.50 33.407 S

SM15 32.50 40.10 42.00 30.75 28.40 25.50 22.50 31.679 s

SM16 46.00 40.80 41.60 35.50 27.40 25.40 21.10 33.971 s

SM17 35.25 43.30 44.50 30.60 28.95 25.50 20.50 32.657 s

SM18 38.45 57.50 59.00 40.10 30.60 24.00 20.65 38.614 s

SM19 47.25 43.25 46.00 35.00 29.95 23.30 19.00 34.821 s

SM20 39.20 39.60 43.00 38.75 30.50 26.20 17.50 33.536 s

SM21 40.65 40.70 41.60 32.25 31.25 29.50 27.90 34.836 s

SM22 44.00 51.25 54.00 29.20 30.75 25.00 20.75 36.421 s

SM23 35.50 40.75 42.25 31.10 30.50 25.35 22.50 32.564 s

SM24 38.45 42.30 44.00 36.25 30.15 26.40 20.00 33.936 s

SM25 50.60 52.20 53.10 47.70 42.95 37.85 32.95 45.336 HS

SM26 36.50 41.30 43.00 33.25 27.45 27.25 23.25 33.143 s

SM27 53.75 51.90 53.90 52.60 46.30 41.75 23.35 46.221 HS

SM28 45.25 49.00 50.00 36.40 30.80 26.25 19.25 36.707 s

SM29 39.05 40.25 43.00 35.70 30.25 24.85 19.90 33.286 s
SM30 40.00 41.80 43.00 38.40 31.00 25.75 19.70 34.236 s

SM31 42.50 45.10 47.35 33.50 26.90 23.25 17.95 33.793 s

SM32 45.55 45.95 47.00 33.00 26.40 23.50 18.10 34.214 s

SM33 35.50 35.00 36.50 25.90 26.25 20.70 17.00 28.121 T

SM34 44.50 44.10 44.65 31.80 24.25 21.40 16.30 32.429 S
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SM35 47.00 46.00 48.60 33.75 28.50 23.25 18.75 35.121 S

SM36 35.25 32.70 35.50 31.25 31.50 31.70 31.70 32.800 s

SM37 40.00 46.25 48.00 32.75 29.90 25.50 20.25 34.664 s

SM38 38.30 36.90 38.50 31.50 29.95 30.70 23.75 32.800 s

SM39 33.75 44.75 47.00 31.45 27.00 25.00 19.75 32.671 s

SM40 39.75 41.50 45.00 32.70 30.00 25.80 20.60 33.621 s

SM41 45.10 36.90 40.65 31.65 30.70 22.60 21.25 32.693 s

SM42 36,60 41.15 42.75 31.00 29.50 25.50 20.75 32.464 s

SM43 33.00 36.75 40.75 30.50 25.25 20.25 16.20 28.957 T

SM44 36.50 33.40 35.50 32.95 30.90 30.35 27.85 32.493 S

SM45 35.60 32.85 39.00 35.50 33.65 29.60 26.10 33.186 S

SM46 32.00 31.90 30.15 28.60 25.00 19.40 14.40 25.921 T

SM47 52.75 51.05 52.75 51.05 48.00 37.80 30.60 46.286 HS

SM48 35.65 35.90 35.50 33.60 32.75 35.10 31.50 34.286 S

SM49 32.50 32.70 38.00 27.40 25.90 19.00 15.40 27.271 T

SM50 34.10 31.50 30.50 34.60 32.60 30.50 27.65 31.636 S

SM51 51.75 52.50 51.70 48.95 47.15 37.50 33.65 46.171 HS

SM52 33.50 32.30 33.50 26.00 25.00 19.00 14.75 26.293 T

SM53 31.30 35.10 33.75 28.90 24.90 18.10 15.30 26.764 T

SM54 53.50 52.25 52.50 48.00 46.25 36.85 31.75 45.871 HS

SMS 5 33.35 34.60 36.00 32.70 30.85 29.15 27.10 31.964 S

SM56 52.50 52.90 50.70 49.90 47.15 38.60 28.05 45.686 HS

SM57 48.60 49.90 48.35 47.10 45.60 37.85 34.10 44.500 HS

SM58 40.10 45.75 49.00 30.50 26.90 19.10 15.40 32.393 S

SM59 12.15 12.75 12.65 12.20 12.45 11.90 11.10 12.171 MR

SM60 7.75 8.75 7.60 6.75 5.25 5.10 3.95 6.450 HR

CD at 5 % 5.115 3.937 3.571 2.457 1.682 1.787 1.622 2.124

Mean 39.01 39.81 41.35 33.37 30.35 26.34 22.02 33.17

DAT- Days After Transplanting

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly Susceptible

/if 6
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Table 24: Percentage of fruits damaged by shoot and fruit borer (I. orbonalis) at
different intervals in kharif season

Genotype
60

DAT

70

DAT

80

DAT

90

DAT

100

DAT

Pooled

Mean
Rating

SMI 6.15 7.50 7.70 7.35 7.50 7.240 HR
SM2 34.00 34.65 33.95 36.50 32.75 34.370 S
SM3 44.00 44.00 44.50 36.00 30.00 39.700 S
SM4 39.25 41.00 41.25 36.25 36.50 38.850 S
SMS 38.85 42.25 41.75 35.00 32.50 38.070 S
SM6 35.00 39.10 41.00 39.25 39.00 38.670 S
SM7 41.25 42.75 41.75 37.50 35.40 39.730 s
SMS 40.50 40.25 41.00 37.50 37.15 39.280 s
SM9 33.00 34.20 33.50 31.25 30.00 32.390 s
SMIO 43.50 43.25 42.00 36.90 33.95 39.920 s
SMll 51.75 52.60 51.90 43.00 39.50 47.750 HS
SM12 47.50 49.40 48.00 44.75 41.50 46.230 HS
SMI3 41.25 41.50 40.00 36.50 33.35 38.520 S
SMI4 34.75 34.25 33.50 31.25 31.75 33.100 S
SM15 38.00 39.75 39.00 33.75 31.45 36.390 S
SM16 51.00 51.00 49.75 43.00 40.50 47.050 HS
SMI7 41.00 41.60 41.65 35.50 33.85 38.720 S
SM18 41.50 40.20 37.20 34.75 33.95 37.520 S
SM19 33.75 35.50 39.45 35.70 32.50 35.380 s
SM20 40.50 42.50 38.60 33.00 30.25 36.970 s
SM21 38.00 37.75 36.50 32.75 31.75 35.350 s
SM22 37.00 36.50 36.75 31.25 31.70 34.640 s
SM23 40.10 41.50 40.25 35.00 33.50 38.070 s
SM24 52.50 52.00 50.50 39.00 37.00 46.200 HS
SM25 52.00 48.90 44.00 40.00 38.45 44.670 HS
SM26 41.50 40.40 39.00 34.50 33.80 37.840 S
SM27 49.00 47.90 44.30 36.40 31.50 41.820 HS
SM28 48.15 48.00 49.00 40.50 40.75 45.280 HS
SM29 44.50 45.75 42.70 32.50 30.50 39.190 S
SM30 41.90 41.90 40.25 33.60 31.50 37.830 S
SM31 42.50 42.80 41.00 32.35 31.50 38.030 S
SM32 45.00 45.00 47.00 40.50 40.50 43.600 HS
SM33 37.00 37.50 39.50 34.50 32.80 36.260 S
SM34 53.10 56.00 50.50 40.50 39.00 47.820 HS

/ip?
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SM35 47.00 51.00 49.00 40.25 36.95 44.840 HS
SM36 34.50 35.30 34.10 32.55 31.50 33.590 S
SM37 53.75 52.50 51.30 42.50 39.50 47.910 HS
SM38 50.70 50.25 49.90 41.25 36.90 45.800 HS
SM39 43.55 44.90 44.50 38.70 35.60 41.450 HS
SM40 52.50 53.00 49.50 39.00 36.25 46.050 HS
SM41 47.25 49.20 48.25 39.50 39.00 44.640 HS
SM42 34.50 35.40 37.00 31.00 30.40 33.660 S
SM43 37.40 38.50 38.75 32.00 31.00 35.530 S
SM44 34.90 34.90 30.40 30.90 30.50 32.320 S
SM45 30.10 29.50 28.75 26.90 25.85 28.220 T
SM46 30.00 28.95 29.65 26.15 23.85 27.720 T
SM47 28.90 27.40 27.95 24.60 23.00 26.370 T
SM48 30.00 29.75 29.50 27.75 26.25 28.650 T
SM49 35.00 36.90 35.25 28.25 27.75 32.630 S
SM50 31.50 29.70 28.50 25.30 23.60 27.720 T
SM51 35.65 35.25 32.75 29.00 29.00 32.330 S
SM52 34.00 35.00 32.70 28.00 28.80 31.700 S
SM53 33.55 34.40 33.00 29.75 28.65 31.870 S
SM54 36.00 37.00 35.70 27.65 26.55 32.580 S
SM55 30.50 30.75 30.50 25.25 23.55 28.110 T
SM56 29.75 29.05 28.75 26.95 22.95 27.490 T
SM57 50.75 49.90 47.75 31.50 30.00 41.980 HS
SM58 51.00 52.25 50.50 35.50 33.65 44.580 HS
SM59 13.25 13.00 13.00 12.50 12.25 12.800 MR
SM60 7.00 7.85 8.00 7.15 7.15 7.430 HR

CD at 5% 5.019 3.776 3.834 3.027 1.918 3.582
Mean 39.03 39.51 38.56 33.13 31.47 36.34

DAT- Days After Transplanting

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly Susceptible
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Table 25: Percentage of fruits damaged by shoot and fruit borer {L. orbonalis) at
different intervals in rabi season.

Genotype
60

DAT

70

DAT

80

DAT

90

DAT

100

DAT

Pooled

Mean
Rating

SMI 7.10 7.75 7.55 6.90 7.50 7.360 HR

SM2 34.30 34.00 34.00 31.00 31.00 32.860 S

SM3 43.50 44.50 42.90 34.50 32.50 39.580 S

SM4 36.40 38.80 39.00 35.50 32.25 36.390 S

SMS 40.50 39.90 37.75 34.50 33.25 37.180 s

SM6 39.25 39.75 39.00 37.00 36.50 38.300 s

SM7 38.90 38.50 39.30 33.75 32.50 36.590 s

SMS 46.00 47.50 46.00 36.40 34.50 42.080 HS

SM9 35.00 35.90 36.00 30.25 30.50 33.530 S

SMIO 41.50 44.00 43.00 36.50 33.25 39.650 S

SMll 48.50 50.00 48.50 43.50 38.75 45.850 HS

SM12 48.50 51.00 49.00 45.00 43.50 47.400 HS

SM13 37.25 37.90 38.00 35.25 33.80 36.440 S

SM14 35.90 35.50 34.60 31.25 31.25 33.700 S

SM15 37.25 37.25 36.50 33.50 33.50 35.600 S

SM16 45.50 46.70 45.00 39.75 39.50 43.290 HS

SM17 37.75 37.70 34.60 34.85 33.10 35.600 S

SM18 37.50 36.85 37.80 35.00 32.25 35.880 S

SM19 40.50 40.60 37.55 34.50 30.25 36.680 S

SM20 39.00 40.50 41.25 35.50 34.50 38.150 s

SM21 35.50 34.50 34.25 31.00 31.50 33.350 s

SM22 42.00 42.25 41.35 33.40 32.50 38.300 s

SM23 35.00 36.00 34.50 32.50 31.20 33.840 s

SM24 45.85 45.70 43.10 40.50 35.60 42.150 HS

SM25 47.65 48.25 45.95 38.10 33.85 42.760 HS

SM26 39.00 42.00 39.25 35.25 32.90 37.680 S

SM27 50.50 47.85 41.60 36.75 33.55 42.050 HS

SM28 48.25 47.00 46.50 41.00 39.00 44.350 HS

SM29 36.50 38.25 40.50 33.75 32.75 36.350 S

SM30 41.25 41.45 37.00 30.00 30.50 36.040 S

SM31 41.00 42.50 41.50 32.20 32.20 37.880 S

SM32 46.00 46.00 45.50 35.90 33.90 41.460 HS

SM33 36.90 37.50 35.25 31.65 32.00 34.660 S

SM34 44.30 49.00 45.00 38.75 36.85 42.780 HS
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SM35 50.00 50.00 51.00 39.50 37.65 45.630 HS

SM36 35.10 34.75 33.60 31.10 31.10 33.130 S

SM37 46.50 47.50 47.50 38.75 39.00 43.850 HS

SM38 51.60 49.75 45.15 36.75 32.50 43.150 HS

SM39 48.15 45.65 41.50 37.25 35.10 41.530 HS

SM40 34.50 37.00 39.50 34.75 33.20 35.790 S

SM41 47.00 49.00 48.40 35.90 36.70 43.400 HS

SM42 37.00 38.00 38.25 30.75 31.20 35.040 S

SM43 35.25 35.40 35.25 30.95 30.60 33.490 S

SM44 29.90 31.00 31.75 29.50 30.50 30.530 S

SM45 28.75 28.90 29.60 28.25 25.95 28.290 T

SM46 29.70 30.10 28.75 27.20 26.50 28.450 T

SM47 30.05 29.10 27.05 26.45 24.15 27.360 T

SM48 30.05 29.15 26.85 26.75 25.95 27.750 T

SM49 31.25 31.50 31.25 29.50 29.20 30.540 S

SM50 29.35 28.70 27.35 26.90 24.85 27.430 T

SM51 31.80 33.95 31.90 29.50 29.75 31.380 S

SM52 31.40 32.75 30.50 29.25 29.20 30.620 S

SM53 32.20 32.25 29.50 27.75 27.60 29.860 T

SM54 33.00 36.00 31.70 29.75 30.00 32.090 S

SM55 29.75 27.60 26.35 26.50 24.15 26.870 T

SM56 30.00 27.75 26.95 26.75 24.30 27.150 T

SM57 47.60 47.90 45.50 37.80 31.60 42.080 HS

SM58 45.50 45.00 43.10 38.95 33.70 41.250 HS

SM59 12.75 12.85 12.25 12.25 12.70 12.560 MR

SM60 6.60 7.60 7.75 7.80 7.80 7.510 HR

CD at 5% 4.577 4.019 3.827 2.320 2.150 3.436

Mean 37.58 38.03 36.78 32.53 31.12 35.20

DAT- Days After Transplanting

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly Susceptible
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Shoot damage Fruit damage

'4'

Plate: 6. Shoot and fruit damage caused by brinjal shoot and fruit borer
{leucinodes orbonalis L.)
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Pusa Purple Cluster Vellayani Local

IC- 89986

Plate: 7. Resistant genotypes to brinjal shoot and fruit borer
{Leucinodes orbonalis L.)
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13.00, 12.50, 12.25 and 12.80). Highest percentage of fruit infestation was found in

SM 37 (53.75, 52.50, 51.30,42.50 and 39.50) followed by SM 34 (53.10, 56.00, 50.50,

40.50 and 39.00), SM 11 (51.75, 52.60, 51.90, 43.00 and 39.50) and SM 16 (51.00,

51.00,49,75,43.00 and 40.50) at 60 DAT, 70 DAT, 80 DAT and 90 DAT respectively
in kharif season.

In rabi season, minimum percentage of fruit infestation was recorded in SM 1

(7.10, 7.75, 7.55, 6.90 and 7.50), SM 60 (6.60, 7.60, 7.75, 7.80 and 7.8) and SM 59

(12.75, 12.85, 12.25, 12.25 and 12.70). Highest percentage of fiiiit infestation was

found in SM 12 (48.50, 51.00, 49.00, 45.00 and 43.50) followed by SM 11 (48.50,
50.00, 48.50, 43.50 and 38.75), SM 35 (50.00, 50.00, 51.00, 39.50 and 37.65) and SM

18 (48.25, 47.00, 46.50, 41,00 and 39.00) at 60 DAT, 70 DAT, 80 DAT and 90 DAT

respectively.

4.2 EXPERIMENT II: LINE X TESTER ANALYSIS

4,2.1 Analysis of Variance for the Experimental Design

The parents showed highly significant difference for all characters studied, that

indicates the sufficient variability among them. The variance due to female parents was

highly significant for all traits indicating the existence of enormous amount of genetic

variability. Similarly, the male parents showed significant difference for all traits

except short styled flowers and days to first harvest, thus revealing the presence of

sufficient genetic variability among them for majority of the characters studied (Table
26).

The interaction between females x males was significant for all the characters

studied except short styled flowers. The mean square due to hybrid showed highly

significant difference for all the characters indicating significant difference among

hybrids. Parent vs. hybrids showed highly significant differences for all the characters

except long styled flowers, which indicates that heterosis was reflected in hybrids

(Table 26).
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Table 26: Analysis of variance for combining ability (L x T) for yield and yield components in brinjal
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4.2.2 Mean Performance of Parents and Hybrids

The mean values of parents and hybrids for different characters are presented

in table 27. The performance of hybrids has been compared with check (Haritha) for

different characters. The salient features for each character are described in ensuing

paragraphs.

4.2.2.1 Plant Height (cm)

Plant height ranged from 74.60 cm (L3) to 117.87 cm (T2) for parents. The

minimum plant height was recorded for the hybrids Li X T2 (85.33 cm). The tallest

hybrid was recorded L2 X T2 (126.33 cm) followed by L2X T3 (120.33 cm).

4.2.2.2 Number of Primary Branches per Plant

The primary branches per plant ranged from Li (6.20) to T3 (9.11). Among

hybrids this range was 3.77 (Li X T2) to 8.13 (Ls X T3).

4.2.2.3 Days to First Flowering

Among parents Li (30.00) was the earliest for flowering and U (45.87) the latest

for flowering. Among hybrids earliest flowering was observed in Ls X T3 (40.33) and

delayed flowering was observed in Li X T2 (52.23).

4.2.2.4 Percentage ofMedium Styled Flowers

Among the parents percentage of medium styled flowers was ranged from L2

(42.45) to T3 (34.00) and among the hybrids it was ranged between Ls X T3 (25.87) to

L3XT1 (41.40).

4.2.2.5 Percentage ofLong Styled Flowers

Among the parents percentage of long styled flowers was ranged from T3

(60.67) to L2 (52.26) and among the hybrids it was ranged between L3 X Ti (48.70) to

L5XT3 (66.43).



Table27. Mean values of eight parents and 15 crosses for yield and yield component

Characters

S.No Parents Plant No. of Days to Medium Long short
and height branches/plant first styled styled styled

crosses (cm) flower flowers flowers flowers

(cm) (cm) (cm)
1 Linei 85.20 6.20 35.00 35.98 60.41 3.61

2 Line2 100.13 6.50 38.47 42.45 52.26 5.28

3 Lines 74.60 7.17 44.80 38.59 54.99 6.09

4 Line4 94.67 6.33 45.87 40.66 52.29 7.05
5 Lines 92.33 7.50 41.87 35.22 58.73 6.05
6 Testeri 77.33 6.50 43.53 39.67 56.16 3.90

7 Tester2 117.87 7.07 45.67 37.07 58.07 4.87
8 Testers 93.55 9.11 45.28 34.00 60.67 5.00
9 L, XTi 108.67 4.60 50.50 39.33 50.60 10.07

10 L1XT2 85.33 3.77 52.23 33.00 56.73 10.27

11 LiXTs 93.73 5.17 43.20 28.67 62.00 9.33

12 L2XT1 118.00 7.60 42.53 26.37 65.73 7.90

13 L2XT2 126.33 5.40 51.33 34.50 55.53 9.97

14 L2 XTs 120.33 8.07 40.93 29.83 63.47 6.70

15 LsXTi 92.80 3.83 52.03 41.40 48.70 9.90

16 L3XT2 115.87 4.93 51.80 36.40 54.13 9.47

17 LsXTs 108.00 5.37 42.77 32.93 56.90 10.17

18 L4XT1 106.33 4.73 45.40 38.60 50.80 10.60

19 L4XT2 118.67 6.77 47.50 37.23 53.03 9.73

20 UXTs 102.67 5.17 42.70 34.87 53.97 11.17

21 LsXT, 119.33 5.10 44.50 36.03 55.23 8.73

22 L5XT2 114.70 3.93 50.70 28.80 61.60 9.60

23 LsXTs 115.10 8.13 40.33 25.87 66.43 7.70

24 check 116.79 7.73 45.06 40.77 48.43 10.47

Mean 104.10 6.11 45.17 35.34 56.54 8.07

SEM 0.78 0.20 0.36 0.96 1.09 0.73

CD 2.23 0.57 1.02 2.73 3.12 2.07

(0.05%)

cv 1.30 5.70 1.37 4.70 3.35 15.63

I



Table 27. Continued.

s.

No

Parents

and

crosses

No. of

fruits/plant
Length

of

fruits

(cm)

Girth

of

fruits

(cm)

Fruit

weight

(g)

Days
to first

harvest

Days
to last

harvest

Fruit

yield/plant

(kg)

1 Linei 31.00 9.92 18.17 191.70 54.13 139.83 4.06
2 Line2 31.47 10.03 18.73 165.00 60.33 145.60 4.01
3 Linej 32.27 9.17 16.83 154.67 62.33 149.00 3.87
4 Line4 32.30 8.03 15.23 119.67 62.40 146.10 3.87
5 Lines 40.17 14.73 11.30 129.17 58.57 145.33 4.15
6 Testen 28.83 10.03 23.37 198.00 61.80 144.33 3.08
7 Testera 27.73 22.43 10.70 152.27 62.33 151.00 3.04
8 Testers 40.40 11.47 11.39 76.78 61.07 146.90 3.40
9 Li XTi 15.33 9.93 15.67 121.77 70.33 142.67 1.68

10 L1XT2 10.00 8.80 12.03 88.17 73.10 144.90 1.01

11 LiXTs 18.50 9.17 12.53 92.00 62.50 133.83 3.93

12 L2XT1 42.53 15.93 13.73 128.73 56.10 126.33 4.42

13 L2XT2 17.80 21.23 10.27 131.60 71.53 143.83 2.00

14 L2XT3 36.13 17.67 12.07 128.27 55.83 126.97 4.42

15 L3XT1 16.63 9.67 16.10 118.03 73.30 145.93 1.03

16 L3XT2 19.00 18.73 12.77 128.93 72.50 144.27 2.29

17 L3XT3 22.70 14.27 13.93 126.30 62.90 134.60 3.00

18 L4XT1 18.57 10.23 21.10 148.50 65.90 137.23 1.77

19 L4XT2 22.20 15.70 14.50 141.50 67.93 137.43 3.34

20 UXT3 21.07 10.73 12.67 128.17 62.50 135.50 3.85

21 LsXTi 21.50 12.93 21.33 186.53 65.03 133.93 2.59

22 L5XT2 19.83 16.23 12.03 134.50 71.27 142.67 2.81

23 L5XT3 43.73 14.33 14.00 148.27 56.77 125.33 4.49

24 check 34.67 14.90 11.79 124.93 68.19 171.33 3.58

Mean 26.85 13.18 14.68 135.98 64.11 141.45 3.15

SEM 0.45 0.21 0.24 0.96 0.36 0.64 0.08

CD

(0.05%)

1.27 0.60 0.69 2.72 1.04 1.83 0.23

CV (%) 2.88 2.78 2.86 1.22 0.98 0.79 4.37
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4.2.2.6 Percentage of Short Styled Flowers

Among the parents minimum percentage of short styled flowers was observed

in Li (3.61) which was on par with Ti (3.90) and T2 (4.87) whereas maximum was

observed in L4 (7.05). Among the hybrids it was ranged between L2 X T3 (6.70) to L4

XT3 (11.17).

4.2.2.7 Number of Fruits per Plant

Among parents, fruits per plant ranged between 27.73 (T2) and 40.33 (T3).

Among hybrids, the maximum fruits per plant was observed for L5 x T3 (43.73)

followed by L2XT1 (42.53), L2XT3 (36.13) and L3XT3 (22.70). It was minimum for

the hybrid Li XT2 (10.00) followed by L3XT1 (16.63) and L2XT2 (17.80).

4.2.2.8 Length of Fruit (cm)

The longest fruits were produced by the parent T2 (22.43 cm) and shortest frmts

were recorded in L4 (8.03 cm). Fruit length of hybrids ranged from 8.8 cm (Li XT2) to

21.23 cm (L2XT2).

4.2.2.9 Girth of Fruit (cm)

Fruit girth was maximum for the parent Ti (23.37 cm) and the minimum for T2

(10.70 cm).The hybrids with maximum and minimum fruit girth were observed in L5 x

Ti (21.33 cm) and L2XT2 (10.27 cm) respectively.

4.2.2.10 Fruit Weight (g)

The average fruit weight among the parents ranged from 76.78g (T3) to 198.OOg

(T2).The hybrids showed a variation from 88.17g (Li XT2) to 186.53g (L5XT1).

4.2.2.11 Days to First Harvest

Among parents earliest harvest was recorded in Li (54.13) and the latest harvest

was observed in L4 (62.40) which was on par with L3 as well as T2 (62.33) and Ti

)S 6
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(61.80). Among hybrids L2XT3 (55.83) took the minimum days for harvest which was

on par with L2XT1 (55.83) and L5XT3 (56.77).

4.2.2.12 Days to Last Harvest

Among parents maximum and minimum days taken for last harvest was

recorded in T2 (151.00) and Li (139.83) respectively. Among hybrids maximum and

minimum days taken for last harvest was recorded in L3 x Ti (145.93) and Ls xTs

(125.33) respectively.

4.2.2.13 Fruit Yield per Plant (kg)

The parent L5 recorded the maximum fruit yield of 4.15 kg per plant which was

on par with Li (4.06) and L2 (4.01). It was minimum for T2 (3.04 kg). Maximum yield

was observed for the hybrid L5 x T3 (4.49 kg) which was on par with L2 x T3 (4.42 kg)

andL2xTi (4.42 kg). Minimum fruit yield per plant was recorded for L]xT2 (1.01kg)

followed by L3XT1 (1.03 kg) and L4XT1 (1.77kg).

4.2.3 ESTIMATION OF HETEROSIS

The magnitude of heterosis, estimated as per cent increase or decrease of Fi

value over mid-parent (relative heterosis), over better parent (heterobeltiosis) and over

standard check Haritha (standard heterosis) for 13 characters were presented in Table

28 to 34. The character wise results were summarized in the following paragraphs.

4,2.3,1 Plant Height (cm)

The pertinent data on heterosis revealed that 14 hybrids over mid-parent, 10

hybrids over better parent and three hybrids over commercial check had significant and

positive heterosis for the plant height. The magnitude of heterosis over mid-parent,

better parent and commercial check ranged from -15.96 (Li XT2) to 40.67 per cent (L5

X Ti), from -27.60 (Li XT2) to 29.24 per cent (L5 X Ti), -26.93 (Li XT2) to 8.17 per

cent (L2 XT2) respectively. The highest magnitude of heterosis over standard check

was observed in the cross L2 XT2 (8.17 %) and L2 XT3 (3.03 %).
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4.2.3.2 Primary Branches per Plant

Heterosis in Fi hybrids over their respective mid parent value ranged from -
46.00 (Ls X T2) to 16.92 per cent (L2 x Ti). Expression of Heterosis over mid parent
was in positive direction in one of the 15 crosses. The extent of heterosis exhibited by
the Fi hybrids over their corresponding better parent ranged from -47.56 per cent (L5 x
T2) to 16.92 per cent (L2 X Ti) and one of the 15 crosses exhibited significant positive

heterosis. Thirteen crosses exhibited negative heterosis over commercial check. The

cross showing significant higher positive heterosis over mid parent and better parent
was L2 X Ti.

4.2.3.3 Days to First Flower

The estimates of relative heterosis revealed that out of 15 hybrids, 14 hybrids
exhibited significant relative heterosis, of which 4 hybrids depicted significant and
negative relative heterosis, which is desirable for earliness. The extent of relative

heterosis ranged from -7.43 per cent (L5 x T3) to 29.50 per cent (Li x T2). The hybrid
Lj x T3 (-7.43 %) showed maximum negative heterosis over mid parent followed by L4
X T3 (-6.30 %) and L3 X T3 (-5.04 %). Heterobeltiosis for days to first flower ranged
from -10.92 (Ls XT3) to 16.15 per cent (L3 X Ti). Five hybrids showed significant and
negative heterobeltiosis. The hybrid L5 X T3 (-10.92 %) showed maximum negative
heterosis over better parent followed by L2 X T3 (-9.59 %) and L4 X T3 (-6.90%). The
estimates of standard heterosis over the check (Haritha) varied from -10.48 (Ls X T3)
to 15.93% (Li X T2). Among 15 hybrids, 5 hybrids exhibited significant negative
standard heterosis over check. Maximum estimates were observed for the hybrid Ls X
T3 (-10.48 %) followed by L2 X T3 (-9.15 %) and L2 X Ti (-5.60 %).

4.2.3.4 Medium Styled Flowers

The magnitude of heterosis varied from -35.79% (L2 x Ti) to -6.59% (L4 x T3)
over mid-parent, -37.89% (L2 x Ti) to -8.42% (L4 x T2) over better parent and 36.55%



Table 28. Heterosis (%) for Plant height and number of primary branches per
plant

Crosses Plant height (cm) Primary branches per plant

RH HB SH RH HB SH

Li XTi 33.72** 27.54** -6.96** -27.56 ** -29.23 ** -40.52 **

L,XT2 -15.96** -27.60 ** -26.93** -43.22 ** -46.70 »* -51.29**

L1XT3 4.88** 0.20 -19.74** -32.52 ** -43.31 ** -33.19**
L2XT1 32.98** 17.84** 1.04 16.92** 16.92** -1.72

L2XT2 15.90** 7.18** 8.17** -20.39 ** -23.58 ** -30.17**

L2 XT3 24.26** 20.17** 3.03** 3.33 -11.49** 4.31
L3XT1 22.16** 20.00** -20.54** -43.90 ** -46.51 ** -50.43 **

L3XT2 20.40** -1.70 -0.79 -30.68 ** -31.16** -36.21 **

L3XT3 28.46** 15.45** -7.53** -34.07 ** -41.11 ** -30.60 *♦
L4XT1 23.64** 12.32** -8.95** -26.23 ** -27.18** -38.79 **
L4XT2 11.67** 0.68 1.61 1.00 -4.25 -12.50**
L4XT3 9.09** 8.45** -12.09** -33.10** -43.31 ♦* -33.19**
LsXT, 40.67** 29.24** 2.18* -27.14** -32.00 ** -34.05 *♦
L5XT2 9.13** -2.69** -1.79 -46.00 »* -47.56 ** -49.14**
LsXT3 23.84** 23.04** -1.45 -2.09 -10.75** 5.17

Table 29. Heterosis (%) for Days to first flower and Medium styled flowers

Crosses Days to first flower Medium styled flowers (%)
RH HB SH RH HB SH

Li XT, 28.61** 16.00** 12.08** 4.00 -0.84 -3.52
L1XT2 29.50** 14.38** 15.93** -9.64** -10.97** -19.05**
L,XT3 7.63** -4.59 ♦* -4.12 ** -18.07** -20.32** -29.68**
L2XT, 3.74** -2.30 -5.60 ** -35.79** -37.89** -35.32**
L2XT2 22.03** 12.41** 13.93** -13.23** -18.73** -15.37**
L2XT3 -2.24** -9.59 ** -9.15 ** -21.96** -29.73** -26.82**
L3XT1 17.81** 16.15** 15.48** 5.81 4.37 1.55
L3XT2 14.52** 13.43** 14.97** -3.78 -5.68 -10.71**
L3XT3 -5.04** -5.54 ♦* -5.08 ♦* -9.26** -14.66** -19.22**
L4XT1 1.57** -1.02 0.76 -3.89 -5.06 -5.31
L4XT2 3.79** 3.56** 5.42** -4.19 -8.42* -8.67*
L4XT3 -6.30** -6.90 ** -5.23 ** -6.59* -14.24** -14.47**
L5XT1 4.22** 2.22 -1.24 -3.77 -9.16* -11.61**
L5XT2 15.84** 11.02** 12.52** -20.32** -22.30** -29.35**
L5XT3 -7.43** -10.92** -10.48** -25.27** -26.56** -36.55**

RH-Relative Heterosis HB- Heterobeltiosis SH- Standard heterosis

*Significant at 5 per cent level ♦♦Significant at 1 per cent level
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Table 30. Heterosis (%) for long styled flowers and Short styled flowers

Crosses Long styled flowers (%) Short styled flowers (%)
RH HB SH RH HB SH

Li XTi -13.19** -16.24** 4.47 168.21** 158.12** -3.82
L1XT2 -4.23 -6.09* 17.14** 142.33** 110.96** -1.91

L1XT3 2.41 2.20 28.01** 116.89** 86.67** -10.83

L2XT1 21.25** 17.05** 35.72** 72.05** 49.53* -24.52*
L2XT2 0.67 -4.36 14.66** 96.39** 88.64** -4.78
L2 XT3 12.40** 4.62 31.04** 30.31 26.81 -35.99**
L3XT1 -12.37** -13.28** 0.55 98.20** 62.56** -5.41

L3XT2 -4.24 -6.77* 11.77** 72.80** 55.45** -9.55

L3XT3 -1.61 -6.21* 17.48** 83.35** 66.94** -2.87
UXTi -6.32* -9.54** 4.89 93.61** 50.35** 1.27

L4XT2 -3.89 -8.67** 9.50** 63.36** 38.06* -7.01
L4XT3 -4.45 -11.04** 11.42** 85.34** 58.39** 6.69
L5XT1 -3.85 -5.95* 14.04** 75.54** 44.35* -16.56
L5XT2 5.49* 4.89 27.19** 75.88** 58.68** -8.28

L5XT3 11.28** 9.51** 37.16** 39.37* 27.27 -26.43*

Table 31. Heterosis (%) for Number of fhiits per plant and Length of fruits

Crosses Number of fruits per plant Lenfith of fruits (cm)
RH HB SH RH HB SH

Li XT, -48.75 ** -50.54 ** -55.78** -0.42 -1.00 -33.33**
L,XT2 -65.95 ** -67.74 ♦* -71.16** -45.60** -60.77** -40.94**
LIXT3 -48.18** -54.21 ** -46.64** -14.26** -20.06** -38.48**
L2XT1 41.07** 35.17** 22.67** 58.83** 58.80** 6.94**
L2XT2 -39.86** -43.43 *♦ -48.66** 30.81** -5.35** 42.51**
L2 XT3 0.56 -10.56** 4.21* 64.37** 54.07** 18.57**
L3XT1 -45.55 ** -48.45 ** -52.03** 0.69 -3.65 -35.12**
L3XT2 -36.67 ♦* -41.12** -45.20** 18.57** -16.49** 25.73**
L3XT3 -37.52 ** -43.81 ** -34.53** 38.29** 24.42** -4.25*
L4XT1 -39.26** -42.52 ** -46.45** 13.33** 1.99 -31.32**
L4XT2 -26.04 *♦ -31.27 ** -35.97** 3.09 -30.01** 5.37*
L4XT3 -42.04 ** -47.85 ** -39.24** 10.12** -6.40* -27.96**
LsXT, -37.68 ** -46.47 ** -37.99** 4.44* -12.22** -13.20**
L5XT2 -41.58** -50.62** -42.80** -12.65** -27.64** 8.95**
L5XT3 8.56** 8.25** 26.13** 9.41** -2.71 -3.80

RH-Relative Heterosis HB- Heterobeltiosis SH- Standard heterosis

^Significant at 5 per cent level **Significant at 1 per cent level
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Table 32. Heterosis (%) for Girth of fruit and Fruit weight

Crosses Girth of fruit (cm) Fruit weight (cm)
RH HB SH RH HB SH

Li XTi -24.56** -32.95** 32.92** -37.51 ** -38.50** -2.53*
L1XT2 -16.63** -33.76** 2.09 -48.74 ♦*

1

0

•
«

-29.43**
L.XTs -15.19** -31.01 6.33* -31.47** -52.01 ♦* -26.36**
L2XT1 -34.76** -41.23** 16.52** -29.07 ** -34.98 ** 3.05*
L2XT2 -30.24** -45.20** -12.90** -17.04** -20.24 ** 5.34**
L2 XTa -19.88** -35.59** 2.38 6.10** -22.26 ** 2.67*
L3XT, -19.90** -31.10** 36.60** -33.06 ** -40.39 ** -5.52**
L3XT2 -7.26 -24.16** 8.31** -15.99** -16.64** 3.21**
L3XT3 -1.26 -17.23** 18.21** 9.14** -18.34** 1.10
L4XT1 9.33** -9.70** 79.02** -6.51 ** -25.00 ** 18.87**
L4XT2 11.83** -4.81* 23.02** 4.07** -7.07 ** 13.27**
L4XT3 -4.85* -16.85** 7.47* 30.48** 7.10** 2.59*
L5XT, 23.08** -8.70** 81.00** 14.03** -5.79 ** 49.31**
L5XT2 9.39** 6.49* 2.09 -4.42** -11.67** 7.66**
L5XT3 23,40** 22.91** 18.78** 43.98** 14.79** 18.68**

Table 33. Heterosis (%) for Days to first harvest and Days to last harvest

Crosses Days to first harvest Days to last harvest
RH HB SH RH HB SH

LiXTi 21.33** 13.81** 3.14** 0.41 -1.15 -16.73 ♦*
L1XT2 25.53 17.27** 7.20** -0.36 -4.04 ** -15.43 ♦*
L1XT3 8.51** 2.35* -8.34 ** -6.65 ** -8.89 ** -21.89**
L2XT, -8.13** -9.22** -17.73 ** -12.85* -12.47** -26.26 **
L2XT2 16.63** 14.76** 4.90** -3.01 ** -4.75 ** -16.05 **
L2 XTa -8.02** -8.57** -18.12** -13.19* -13.57** -25.89**
L3XT1 18.10** 17.59** 7.49** -0.50 1.11 -14.82**
L3XT2 16.31** 16.31** 6.32** -3.82** -4.46** -15.80**
L3XT3 1.94** 0.91 -7.76 ** -9.02 ** -8.37** -21.44**
UXT, 6.12** 5.61** -3.36** -5.50** -4.92 ** -19.90**
L4XT2 8.93** 8.87** -0.38 -7.48 ** -8.98 ♦* -19.79**
UXT3 1.24 0.16 -8.34 ** -7.51 ** -7.76 *♦ -20.91 »*
L5XT1 8.06** 5.23** -4.63 ♦* -7.53 ** -7.21 ** -21.83**
LsXT2 17.89** 14.33** 4.51** -3.71 ** -5.52 ** -16.73**
L5XT3 -5.10** -7.04** -16.75 ** -14.22* -14.68 ** -26.85**

RH-Relative Heterosis HB- Heterobeltiosis SH- Standard heterosis

♦Significant at 5 per cent level **Significant at 1 per cent level
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Table 34. Heterosis (%) for Fruit yield per plant

Crosses Fruit yield per plant (kg)

RH HB SH
Li XTi -52.83*^ -58.54 *♦ -53.02**

L1XT2 -71.64** -75.21 ** -71.91**

L1XT3 5.45* -3.12 9.77**

L2XT1 24.74** 10.22** 23.35**

L2XT2 -43.26** -50.12** -44.19**

L2XT3 19.21** 10.14** 23.26**

L3XT1 -70.44** -73.47 ** -71.35**

L3XT2 -33.72** -40.83 ** -36.09**

L3XT3 -17.56** -22.57 ** -16.37**

UXTi -49.14** -54.35 ** -50.70**

L4XT2 -3.33 -13.70** -6.79*

UXT3 5.91* -0.52 7.44*

L5XT1 -28.29** -37.54 ** -27.72**

LsXT2 -21.71** -32.15 ** -21.49**

L5XT3 18.99** 8.28** 25.30**

RH-Relative Heterosis HB- Heterobeltiosis SH- Standard heterosis

♦Significant at 5 per cent level ♦♦Significant at 1 per cent level
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(Ls X T3) to -8.67% (L4 X T2) over check. None of the hybrids exhibited positive

heterosis for this trait.

4.2.3.5 Long Styled Flowers

The mid parental heterosis ranged from -13.19 per cent (Li x Ti) to 21.25 per

cent (L2 X Ti). Four crosses L2 x Ti (21.25 per cent), L2 x T3 (12.40 per cent), Ls x T3

(11.28 per cent) and Ls x T2 (5.49 per cent) exhibited significantly positive heterosis.

Heterobeltiosis ranged from -16.24 per cent (Li x Ti) to 17.05 per cent (L2 x Ti). Two

of the crosses recoded significantly positive heterobeltiosis. The range of standard

heterosis was from 9.50 per cent (L4 X T2) to 37.16 per cent (Ls x T3). Twelve crosses

recoded significantly positive standard heterosis. The hybrids Ls x T3 (37.16 %)

showed maximum positive standard heterosis followed by L2 x Ti (35.72 %) and L2 x

T3 (31.04%).

4.2.3.6 Short Styled Flowers:

The range of heterosis for short styled flowers was from 39.37per cent (Ls x T3)

to 168.21 per cent (Li x Ti). Significantly negative heterosis was exhibited by none of

crosses. Heterobeltiosis values ranged from 44.35 per cent (Ls x Ti) to 158.12 per cent

(Li X Ti). Heterobeltiosis values were significantly negative in none of the crosses. The

standard heterosis ranged from -35.99 per cent (L2 x T3) to -24.52 per cent (L2 x Ti).

Standard heterosis was significantly negative in three crosses.

4.2.3.7 Number of Fruits per Plant

The range of heterosis (mid parent) was from -65.95 per cent (Li x T2) to 41.07

per cent (L2 x Ti). Out of 15 crosses, 2 crosses recorded a significant positive heterosis

for number of fruits per plant. Heterobeltiosis was significant and positive in 2 crosses

with a range of 67.74 per cent (Li x T2) to 35.17 per cent (L2 x Ti). The standard

heterosis for number of fioiits per plant ranged from -71.16 per cent (Li x T2) to 26.13

per cent (L5 x T3), only three crosses L5 x T3, L2 x Ti and L2 x T3 recorded significant

positive standard heterosis.
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4.2.3.8 Length of Fruit (cm)

Estimates of relative heterosis revealed that out of 15 hybrids, 9 hybrids showed

significant positive heterosis over mid parent. The extent of relative heterosis ranged

from -45.60 (Li x T2) to 64.37% (L2 x T3). For heterobeltiosis, three hybrids showed

significant and positive heterosis over better parent. The magnitude of heterobeltiosis

varied from -60.77 (Li x T2) to 58.80% (L2 x Ti). For standard heterosis, six hybrids

showed significant and positive heterosis over check Haritha. The magnitude of

standard heterosis varied from -40.94 (Li x T2) to 42.51 per cent (L2 x T2). Maximum

standard heterosis for this trait was depicted by hybrid L2 x T2 (42.51%) followed by

L3 x T2 (25.73%), L2 X T3 (18.57%), L5 x T2 (8.95%), L2 x Ti (6.94%) and L4 x T2

(5.37%).

4.2.3.9 Girth of Fruit (cm)

The heterosis over mid parent ranged between -34.76 (L2 x Ti) to 23.40 per cent

(Ls X T3). Top two crosses for heterosis over mid parent were L5 x T3 (23.40%) and L5

X Ti (23.08%). Two crosses exhibited significant positive heterosis over better parent

and thirteen of the crosses exhibited significant negative heterosis over better parent.

The heterosis over better parent ranged from -45.20 (L2 x T2) to 22.90 per cent (L5 x

T3). The magnitude of standard heterosis varied from -12.90 (L2 x T2) to 81.00 per cent

(Ls X Ti). Out of 15 crosses, 11 hybrids exhibited significant positive heterosis while,

one hybrids exhibited significant negative heterosis over commercial check.

4.2.3.10 Fruit Weight (g)

The expression of significant heterosis over mid parent in desired positive

direction was revealed in 6 crosses. Per cent heterosis over mid parent ranged from -

48.74 per cent (Li x T2) to 43.98 per cent (Ls x T3). Maximum heterosis over the mid

parent was observed in crosses Ls x T3 (43.98%), L4 x T3 (30.48%) and Ls x Ti

(14.03%). Heterosis in Fi hybids over their respective better parent value ranged from

-54.01 per cent (Li x T2) to 14.79 per cent (Ls x T3). Expression of heterosis over better
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parent was in positive direction in two crosses. Ten crosses manifested significant

positive heterosis over commercial check. The cross L5 x Ti (49.31%) exhibited

significantly higher positive heterosis over commercial check.

4.2.3.11 Days to First Harvest

A total of 3 hybrids expressed significant negative heterosis over mid parent,

which ranged from -8.13 (L2 X Ti) to 25.53 per cent (Li X T2). The three hybrids that

showed significant negative heterosis for days to first picking in order of merit were L2

X Ti (-8.13%), L2 X T3 (- 8.02 %) and L5 X T3 (-5.10%) over mid parent. The extent

of heterosis exhibited by the Fi hybrids over their corresponding better parent ranged

from -9.22 per cent (L2 x Ti) to 17.59 per cent (L3 X Ti). Eight hybrids exhibited desired

negative heterosis for days to first picking over commercial check. The estimates of

standard heterosis over the check Haritha varied from -18.12% (L2 X T3) to 7.49% (L3

XT,).

4.2.3.12 Days to Last Harvest

For the trait under consideration negative heterosis is desirable.

Heterosis over mid parent value ranged from -14.22 per cent (L5 X T3) to -3.01 per cent

(L2 X T2), twelve exhibited significantly negative heterosis over mid parent The extent

of heterosis exhibited by the Fls over their corresponding better parent ranged from

1.11 (L3 X Ti) to -14.68 per cent (L5 x T3). Thirteen crosses exhibited significant

negative heterosis over better parent for days to last harvest. Similarly, high magnitude

of economic heterosis was observed in crosses L5 x T3 (-26.85%), L2 x T3 (-25.89%)

and L2 X Ti (-26.26%). All crosses exhibited significant negative heterosis over

commercial check.

4.2.3.13 Fruit Yieldper Plant (kg)

The data on per cent heterosis revealed that the hybrids ranged from -71.64 (L,

X T2) to 24.74 per cent (L2 x T,), -75.21(Li x T2) to 10.22 per cent (L2 x T,) and -71.91

(Lix T2) to 25.30 per cent (L5 x T3) respectively over mid parent, better parent and

I (is'
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commercial check. Out of 15 hybrids, five, three and five hybrids exhibited significant

positive average heterosis, heterobeltosis and standard heterosis respectively. Among

the 15 hybrids, the cross L5 x T3 had highest significant positive heterosis of 25.30 per

cent over standard check followed by L2 x Ti (23.35%), L2 x T3 (23.26 %) and Li x T3

(9.77%). The cross L5 x T3 also showed significant positive heterosis over mid-parent,

better parent and commercial check with 18.99, 8.28 and 25.30 per cent respectively.

Similarly, remaining two hybrids L2 x Ti (24.72, 10.22 and 23.35 per cent) and L2 x T3

(19.21,1.14 and 23.26 per cent) showed significant positive heterosis over mid-parent,

better parent and commercial check respectively.

4.2.4 Combining Ability Analysis

4.2.4.1 Combining Ability Variances

In the present study (Table 35) variance due to gca was higher than sea as

evidenced by the ratio being greater than one, for days to first flower, fruit length, fruit

girth, days to first harvest, days to last harvest suggesting major role of additive gene

action in expression of these characters. When additive gene action form the principal

factor for genetic variance use of pedigree method could be desirable.

For other characters variance due to sea was higher than gca as evidenced by

the ratio being less than one, suggesting significant role of non-additive gene action

like dominance, epistasis and other interaction effects in expression ofthese characters.

When non-additive genes govern the characters this suggest that there is scope of

improvement of these characters by using selection methods as well as go for hybrid

breeding programme for exploitation of heterosis.

4.2.4.2 Estimation of Combining Ability (gca and sea) Effects.

The general combining ability effects estimated for both the lines (female

parents) and testers (male parents) and the specific combining ability effects of hybrids

for different characters studied are presented in Tables 36 and 37. The salient features

of the results on combining ability effects for different characters are presented as under

6 G
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4.2.4.2.1 Plant Height (cm)

OulofS female parents, Li (-13.81) and L3 (-4.16) had significant negative gca

effect, while parent, L2 (11.83) and L5 (6.65) had significant positive gca effect. In the

remaining parent (L4) exhibited negative gca effects. Among the males T2 (2.45)

showed sigmficant positive gca effects, while T3 (-1.75) had significant negative gca

effect.

In all 15 crosses, six each had significant positive and negative sea effects,

respectively. In three crosses sea effects were non-significant and in six crosses it is in

desirable negative direction. The sea effect ranges from -13.03 (Li x T2) to 13.45 (Li

xTi).

4.2.4.2.2 Number of Branches per Plant

Positive gca effects L2 (1.51) and negative gca effects Li (-0.99) and L3 (-0.79)

were noticed in female parents. In males, T3 (0.87) and Ti (-0.33), T2 (-0.54) exhibited

significant positive and negative gca effect, respectively.

Nine crosses displayed significant sea effects of four and five crosses with

positive and negative effects respectively. The estimates of specific combining ability

effects ranged from -1.26 (L4 x T3) to 1.75 (L4 x T2).

4.2.4.2.3 Days to First Flowering

The parents with negative gca effects are desirable. With respect to the

character under consideration, all the females had significant gca effects of which,

parent Li (2.08) and L3 (2.30) had significant positive gca effect, while other L2 (-1.63),

L4 (-1.36) and L5 (-1.38) had significant gca effects in negative direction. Among the

male, T3 (-4.57) had significant negative gca effect.

The sea effect was significant for eleven crosses out of fifteen. The sea effect

ranges from -2.82 (L2 x Ti) to 2.73 (L3 x Ti) in which 6 crosses showed desirable

negative direction.

6^^
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4,2*4,2,4 Medium Styled Flowers

Among the females chosen for the study three exhibited significant gca effects

in which two parents L2 and L5 were in negative direction and other L4 was in positive

direction. Female parent L4 showed highest (3.31) positive gca effect, while L2 showed

lowest gca effect (-3.35). Out of three males under investigation, Ti (2.57) had

significant positive gca effects, while T3 (-3.15) had significant negative gca effects.

Out of 15 Fi cross combinations, four crosses were significant positive sea

effects and one cross significant negative sea effects for this trait. The sea effect ranges

fi'om -6.62 (L2 X Ti) to 3.86 (L2 x T2). High significant positive sea effectswas noticed

in L2 X T2 (3.86) followed by Ls x Ti (3.04), Li x Ti (2.90) and L2 x T3 (2.75).

4.2.4.2.5 Long Styled Flowers

Four out of five females exhibited significant gca effects, two each of them

exhibited sigmficant negative and positive gca effect. Among males, two parents

exhibited sigmficant gca effects, of these T3 (3.56) registered significant positive gca

effects and Ti (-2.77) exhibited significant negative gca effects.

In all crosses, three had negative and one with positive significant sea effect,

respectively. The maximum and minimum sea effect was noticed in crosses L2 x Ti

(6.93) and L5 x Ti (-3.07) respectively. Remaining 12 crosses had non-significant sea

effects.

4.2.4.2.6 Short Styled Flowers

Two fanales had shown highly significant gca effect. Among them, L2 had

negative and L4 had positive gca effect. None of the male parents exhibited significant

gca effects.

The number of crosses none have registered significant positive and negative

sea effects. Among the all crosses sea effects varied from -1.15 (L4 x T2) to 1.39 (L2 x

T2).

1^0
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4.2.4.2.7 Number of Fruits per Plant

All the females chosen for the study exhibited significant gca effects, out of

which L2 and L5 gave positive gca effect and others Li, L3 and L4 gave negative gca

effect. Females L2 (9.12) and Li (-8.42) exhibited highest and lowest gca effect,

respectively. Out of three males under investigation, T3 (5.39) had significant positive

gca effects, while T2 had significant negative gca effects.

In crosses, four had positive significant sea effects and nine of the crosses

exhibited negative significant sea effects. The maximum and minimum sea effect was

noticed in crosses L2 x Ti (10.50) and L2 x T2 (-9.08) respectively. Remaining two

crosses had non-significant sea effects of which were in positive direction.

4.2.4.2.8 Length of Fruit (cm)

For fruit length, two out of five females had desirable significant negative gca

effects viz., Li (-4.40) and L4 (-1.48). Female L2 (4.57), L3 (0.51) and L5 (0.79)

expressed significant positive gca effects. Among the males, Ti (-1.96) and T3 (-0.47)

exhibited significant negative and T2 (2.43) exhibited significant positive gca effects,

respectively.

Nine of the crosses were significant for sea effects. For this trait viz., three each

of crosses showed negative and positive sea effects, respectively. The estimates of

specific combining ability effects ranged from -2.93 (Li x T2) to 2.59 (Li x Ti).

4.2.4.2.9 Girth of Fruit (cm)

In respect to fhiit diameter out of four female parents and three males were

significant. The gca effects were positive significant for females L4 (1.77) and L5 (1.47)

and gca effects were negative significant for Li (-0.94) and L2 (-2.29). Parent L3 had

exhibited negative gca effect (-0.049) but non-significant. The male Ti had highly

significant positive gca effect of 3.27 whereas T2 and T3 with negative significant gca

effects of -1.99 and -1.27.

i\
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It was observed that five crosses showed significant positive sea effect and six

crosses had shown significant sea effects in negative direction for fhiit diameter. For

this trait, specific combining ability effects ranges from -2.14 (U x T3) to 2.27 (L5 x

TO-

4.2.4.2.10 Fruit Weight (g)

The data on general combining ability effects revealed that two female parents

registered significant positive gca effects. Among these L5 (26.34) recorded maximum

significant positive gca effect, followed by L4 (9.30). Female Li (-29.44) and L3 (-5.66)

exhibited significant negative gea effects. Among the male parents T2 and T3 exhibited

significant negative gea effects while Ti exhibited significant positive gca effects.

The estimates of sea effects varied from -17.01 (L3 x TO to 19.47 (L5 x TO-

Among the fifteen crosses 14 showed significant sea effect of which seven each of

crosses had significant positive and negative sea effect.

4.2.4.2.11 Days to First Harvest

All the females chosen for the study exhibited significant gca effects except L4

out of which Li and L3 gave positive gca effect and others (L2 and L5) gave negative

gca effect in desirable direction. Females L3 (3.73) and L2 (-4.67) exhibited highest

and lowest gea effect, respectively. Out of three males under investigation, T2 (5.43)

had significant positive gea effects while T3 (-5.73) had negative gca effects.

The estimates of specific combining ability effects ranged from -5.35 (L2 x Ti)

to 3.43 (L3 X T O- Out of fifteen crosses, the sea effects were significant for 10 crosses.

Among these, five crosses each had significant positive and negative sea effects,

respectively. The cross L2 x Ti (-5.35) depicted highest negative sea effects followed

by L3 X T2 (-2.50).
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4.2.4.2.12 Days to Last Harvest

Out of five female parents, four have shown highly significant gca effect.

However among these, two each had positive and negative gca effect. Among three

males 2 exhibited significant gca effects in which T2 (5.59) depicted positive gca effect

and T3 (-5.78) expressed significant negative gca effect.

The estimates of sea effect varied from -6.23 (L2 x Ti) to 5.86 (L2 x T2). Out of

15 crosses, 9 had significant sea effects. The sea effects were positively significant for

5 crosses with maximum value of 5.86 (L2 x T2) followed by 4.56 (U xTs) while other

4 crosses had significant negative sea effects.

4.2.4.2.13 Fruit Yieldper Plant (kg)

For a complex character under address, all the females exhibited significant gca

effects in which, L2, L4 and L5 was positive and Li and L3 were negative general

combiners. Female L2 (0.77) was highly significant general combiner in desirable

direction. The two negative general combiners in the order of merit were Li (-0.63) and

L3 (-0.73). In male parents, two males viz., Tl (-0.54) and T2 (-0.55) registered

significant negative gca effects and while T3 (1.09) had significant positive gca effects

respectively.

An examination of sea effects for fruit yield per plant revealed that 11 crosses

out of fifteen had significant sea effects in which 4 and 7 crosses had positive and

negative significant sea effect respectively. The cross L2 x Ti (1.35) had maximum

positive significant sea effect followed by L4 x T2 (0.90), L3 x T2 (0.73) and Li x T3

(0.63). The estimates of sea effects varied from -1.06 (L2 x T2) to 1.35 (L2 x Ti).

4.2.5 Screening for Shoot and fruit borer Resistance/Tolerance

Screening of 15 Fi Hybrids for shoot and fhiit borer resistance/tolerance was

done based on the extent of damage to shoots and fruits. The data of damage parameters

collected from field experiment with 15 Fi Hybrids were subjected to statistical
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analysis. The shoot infestation and fruit infestation by SFB was given separately under

fallowing headings.

4.2.5.1 Shoot Infestation Percentage by SFB

SFB shoot infestation was screened for all 15 Fi hybrids based on the shoot

infestation percentage from 30 to 90 days after transplanting at 10 days interval is

furnished in Table (38). A wide variation for shoot infestation by SFB was observed

among the hybrids.

The minimum percentage of young shoots infestation was recorded in the

hybrids IC-433678 XIC-89986 (8.47, 9.50,10.10, 8.57, 8.63,6.29, and 5.30) followed

by Raidurg Local X Pusa Purple Cluster (8.73, 9.77, 9.75, 8.42, 7.92,6.93 and 6.84 ),

IC-433678 X Pusa Purple Cluster (18.41, 23.20, 20.48, 18.20,15.70, 14.70 and 13.98

), Raidurg Local X IC-89986 (27.83, 30.37, 29.33, 25.67, 24.63, 23.00 and 23.45),

Tiptur Local X Vellayani Local (28.13, 30.73, 26.97, 25.87, 24.50, 24.65 and 23.67),
Tiptur Local X Pusa Purple Cluster (28.81,30.40,29.03,26.21,24.87,22.69 and 23.29)
and Jagaluru Local X Pusa Purple Cluster (27.30, 30.73, 28.57,27.14,25.27,23.74 and

23.15) at all 30 DAT, 40 DAT, 50 DAT, 60 DAT, 70 DAT, 80 DAT and 90 DAT

respectively. The maximum percentage of young shoots infestation was recorded in the

hybrids IC-433678 X Vellayani Local (40.73, 52.94, 50.34, 48.50, 48.83, 45.18 and

43.62) followed by IC-345271 X Vellayani Local (34.79, 38.14, 36.07, 35.07, 32.97,

30.37 and 28.37 ), IC-345271 X Pusa Purple Cluster (33.90,38.50, 37.00,34.50,33.84,

29.60 and 27.77 ), Jagaluru Local X Vellayani Local (32.70,38.37,37.24,33.77,34.07,

29.12 and 28.23), Jagaluru Local X IC-89986 (32.77,37.24,37.10, 31.97,28.97,29.10

and 28.23), IC-345271 X IC-89986 (33.57, 36.37, 37.17, 32.57, 32.97, 29.07 and

28.57), Raidurg Local X Vellayani Local (34.14,37.88, 36.51, 34.27, 31.62,28.50 and

28.67) and Tiptur Local X IC-89986 (33.57, 37.37, 36.37, 30.93, 29.23, 28.90 and

29.12) at all 30 DAT, 40 DAT, 50 DAT, 60 DAT, 70 DAT, 80 DAT and 90 DAT

respectively.
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Table 38. Shoot infestation by shoot and fruit borer in 15 hybrids at 10 days interval

Hybrid
30DAT 40DAT 50DAT 60DAT 70DAT 80DAT 90DAT

Pooled

mean Rating
Li XT, 33.57 36.37 37.17 32.57 32.97 29.07 28.57 32.90 S
L,XT2 34.79 38.14 36.07 35.07 32.97 30.37 28.37 33.68 S
LiXTa 33.90 38.50 37.00 34.50 33.84 29.60 27.77 33.68 S
L2XT, 8.47 9.50 10.10 8.57 8.63 6.29 5.30 8.12 HR
L2XT2 40.73 52.94 50.34 48.50 48.83 45.18 43.62 47.16 HS
L2XT3 18.41 23.20 20.48 18.20 15.70 14.70 13.98 17.81 MR
L3XT, 32.77 37.24 37.10 31.97 28.97 29.10 28.23 32.20 S
L3XT2 32.70 38.37 37.24 33.77 34,07 29.12 28.28 33.36 S
L3XT3 27.30 30.73 28.57 27.14 25.27 23.74 23.15 26.55 T
L4XT1 33.57 37.37 36.37 30.93 29.23 28.90 29.12 32.21 S
L4XT2 28.13 30.73 26.97 25.87 24.50 24.65 23.67 26.36 T
L4XT3 28.81 30.40 29.03 26.21 24.87 22.69 23.29 26.47 T
LsXT, 27.83 30.37 29.33 25.67 24.63 23.00 23.45 26.33 T
LsXT: 34.14 37.88 36.51 34.27 31.62 28.50 28.67 33.08 S
L5XT3 8.73 9.77 9.75 8.42 7.92 6.93 6.84 8.34 HR
Mean 28.26 32.10 30.80 28.11 26.93 24.79 24.15 27.88
CD at 5

%
1.908 1.787 1.612 1.694 1.998 1.674 1.266 1.49

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly susceptible
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4.2,5.2 Fruit Infestation Percentage by SFB

SFB fruit infestation was screened based on the fruit infestation percentage at

10 days interval from 60, 70, 80, 90 and 100 days after transplanting (Table 39).

Differential response to the fruit infestation by SFB was noticed all the hybrids studied.

Least percentage of fruit infestation was recorded in the hybrids IC-433678 X

IC-89986 (8.93,9.67, 9.35, 8.17 and 7.17), Raidurg Local X Pusa Purple Cluster (9.06,
9.71, 8.81, 8.53 and 6.57 ), IC-433678 X Pusa Purple Cluster (16.34, 21.39, 17.41,

15.53 and 13.13), Raidurg Local X IC-89986 (28.20, 31.27, 28.41, 26.37 and 24.23),
Tiptur Local X Vellayani Local (28.16,31.00,29.37,24.39 and 22.99), Tiptur Local X

Pusa Purple Cluster (23.71, 30.72, 27.01, 24.03 and 23.71) and Jagaluru Local X Pusa

Purple Cluster (25.68, 30.86, 27.51, 26.12 and 24.68) at all 60 DAT, 70DAT, 80DAT,

90DAT and 1OODAT respectively. Highest percentage of fruit infestation was found in

the hybrids IC-433678 X Vellayani Local (36.80, 40.67, 36.46, 33.47 and 33.53 )

followed by IC-345271 X Vellayani Local (38.36,40.54, 37.75, 31.33 and 30.27), IC-
345271 X Pusa Purple Cluster (36.28, 40.93, 34.95, 33.62 and 30.71), Jagaluru Local
X VeUayani Local (36.22, 39.28, 35.89, 33.26 and 30.44 ), Jagaluru Local X IC-89986

(35.30, 38.36, 34.92, 33.55 and 29.80), IC-345271 X IC-89986 (36.60, 38.00, 36.81,

33.40 and 32.25 ), Raidurg Local X VeUayani Local (36.77, 41.03, 38.90, 34.55 and

31.87 ) and Tiptur Local X IC-89986 (36.00, 39.16, 38.34, 36.50 and 33.68) at all 60

DAT, 70DAT, 80DAT, 90DAT and lOODAT respectively.

4.3 EXPERIMENT in

4.3.1 Field Screening of F2 Segregants for Resistance to Shoot and fruit borer.

The two highly resistant as well as high yielding hybrids IC-433678 X IC-89986

and Raidurg Local X Pusa Purple Cluster were further selected to raise the F2

population. The Fi plants from selected two crosses was selfed and produced the F2

population. Among the two hybrids sixty segregants from each cross was raised in the

^<0
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Table 39. Fruit infestation by shoot and fruit borer in 15 hybrids at 10 days interval

Hybrid 60 DAT 70DAT 80DAT 90DAT lOODAT
Pooled

mean Rating
L, XTi 36.60 38.00 36.81 33.40 32.25 35.41 S

L1XT2 38.36 40.54 37.75 31.33 30.27 35.65 s

L1XT3 36.28 40.93 34.95 33.62 30.71 35.30 s

L2XT1 8.93 9.67 9.35 8.17 7.17 8.66 HR

L2XT2 36.80 40.67 36.46 33.47 33.53 36.19 S

L2 XT3 16.34 21.39 17.41 15.53 13.13 16.76 MR

L3XT1 35.30 38.36 34.92 33.55 29.80 34.38 S

L3XT2 36.22 39.28 35.89 33.26 30.44 35.02 S

L3XT3 25.68 30.86 27.51 26.12 24.68 26.97 T

L4XT1 36.00 39.16 38.34 36.50 33.68 36.74 S

L4XT2 28.16 31.00 29.37 24.39 22.99 27.18 T

L4XT3 23.71 30.72 27.01 24.03 23.71 25.84 T

L5XT1 28.20 31.27 28.41 26.37 24.23 27.70 T

L5XT2 36.77 41.03 38.90 34.55 31.87 36.62 S

L5XT3 9.06 9.71 8.81 8.53 6.57 8.54 HR

Mean 28.83 32.17 29.46 26.85 25.00 28.46

CD at 5

%
1.656 1.776 1.841 1.217 2.143 1.607

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly susceptible
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main field and screened for shoot and fruit borer resistance/tolerance under field

conditions.

Screening of 60 segregants for shoot and fhiit borer resistance/tolerance was done

based on the extent of damage to shoots and fmits. The data of damage parameters

collected from field experiment with 60 segregants in two cross combinations were

subjected to statistical analysis. The shoot infestation and fhiit infestation by SFB was

given separately imder fallowing headings.

4,3JA Shoot Infestation Percentage by SFB

SFB shoot infestation was screened individually for all 60 segregants based on

the shoot infestation percentage from 30, 40, 50, 60, 70, 80 and 90 days after

transplanting at 10 days interval in two cross combinations (Tables 40 and 42). A wide

variation for shoot infestation by SFB was observed among the segregants.

The minimum percentage of young shoots infestation was recorded in thirteen

segregants of cross combination IC-433678 XIC-89986 viz., plants (10.00,12.00,8.50,

8.00, 9.50, 7.50 and 6.50 ), plant8 (5.50, 9.50, 12.00, 10.00, 6.00, 6.00 and 5.00),

plantl3 (5.50, 8.90, 9.50, 7.00, 6.50,4.90 and 5.00 ), plantlS (5.50, 8.00,12.50,10.80,

8.00, 7.80 and 5.50), plant20 (6.00, 10.00, 12.00, 6.50, 6.00, 5.00 and 5.00), plant23

(6.80,12.40, 10.90, 8.50, 10.00, 5.50 and 5.00), plant34 (5.00, 6.80,10.50, 9.50, 6.50,

6.00 and 5.00), plant38 (6.50, 7.20, 8.50, 6.50, 5.50, 5.00 and 4.80), plant42 (6,50,

10.20, 9.50, 9.00, 7.00, 6.50 and 6.00), plant43 (7.50, 11.60, 10.50, 9.50, 9.00, 7.00

and 5.50), plant49 (5.50, 5.00, 8.50, 9.00, 6.00, 5.50 and 4.50), plant53 (8.00, 12.00,

7.50, 7.00, 6.00, 6.00 and 5.00), plant59 (8.00, 9.50,12.00, 8.50,10.50, 6.50 and 6.00)

at all 30 DAT, 40 DAT, 50 DAT, 60 DAT, 70 DAT, 80 DAT and 90 DAT respectively.

Infestation of young shoots was highest in twelve segregants viz., plant7 (50.00, 52.40,

53.00,53.40,45.50,46.30 and 40.20), plant 10 (44.20,45.50,48.50,43.50,38.20,36.40

and 33.00), plantl2 (53.00, 56.00, 50.00, 47.00, 46.20, 32.50 and 30.00), plantl8

(53.00, 54.50, 53.80, 48.60, 46.00, 43.50 and 38.00), plant27 (52.20, 55.00, 50.80,
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Table 40: Percentage of shoots damaged by shoot and fruit borer at different intervals
in F2 cross lC-433678 XIC-89986

¥2

segregant

30

DAT

40

DAT

50

DAT

60

DAT

70

DAT

80

DAT

90

DAT

Pooled

Mean

Rating

Plant 1 34.20 42.20 40.60 31.90 30.90 32.00 29.90 34.53 S
Plant 2 40.20 41.00 44.00 43.00 37.00 30.70 30.00 37.99 s
Plants 25.00 28.00 33.00 30.00 27.00 22.00 18.00 26.14 T
Plant 4 15.20 20.70 25.60 19.40 16.50 13.40 12.50 17.61 MR
Plant 5 10.00 12.00 8.50 8.00 9.50 7.50 6.50 8.86 HR

Plant 6 45.00 47.20 44.30 35.70 33.50 35.00 30.50 38.74 S
Plant? 50.00 52.40 53.00 53.40 45.50 46.30 40.20 48.69 HS
Plant 8 5.50 9.50 12.00 10.00 6.00 6.00 5.00 7.71 HR
Plant 9 35.00 36.40 40.00 40.50 34.00 30.80 29.50 35.17 S
Plant 10 44.20 45.50 48.50 43.50 38.20 36.40 33.00 41.33 HS
Plant 11 25.60 30.50 34.50 26.50 24.00 22.00 20.30 26.20 T
Plant 12 53.00 56.00 50.00 47.00 46.20 32.50 30.00 44.96 HS
Plant 13 5.50 8.90 9.50 7.00 6.50 4.90 5.00 6.76 HR
Plant 14 44.90 46.80 43.50 40.50 34.00 30.00 29.50 38.46 S
Plant 15 5.50 8.00 12.50 10.80 8.00 7.80 5.50 8.30 HR
Plant 16 48.40 40.00 44.00 32.00 29.50 28.00 25.00 35.27 S
Plant 17 18.80 22.00 22.00 18.50 18.00 13.00 13.50 17.97 T

Plant 18 53.00 54.50 53.80 48.60 46.00 43.50 38.00 48.20 HS
Plant 19 13.80 19.50 22.00 16.70 13.00 13.50 14.00 16.07 MR
Plant 20 6.00 10.00 12.00 6.50 6.00 5.00 5.00 7.21 HR
Plant 21 34.00 41.00 40.00 35.00 33.00 31.50 27.00 34.50 S
Plant 22 35.00 40.50 44.00 40.00 38.00 36.00 30.40 37.70 S
Plant 23 6.80 12.40 10.90 8.50 10.00 5.50 5.00 8.44 HR
Plant 24 38.00 46.50 44.00 40.00 30.70 30.00 28.00 36.74 S
Plant 25 28.20 30.50 29.40 22.00 23.00 25.00 19.80 25.41 T
Plant 26 34.30 45.00 45.50 38.50 35.00 30.20 26.50 36.43 S
Plant 27 52.20 55.00 50.80 52.00 42.40 30.50 28.00 44.41 HS
Plant 28 22.00 25.80 32.50 30.40 20.00 18.50 20.00 24.17 T
Plant 29 20.50 18.50 32.00 30.50 20.20 24.00 20.00 23.67 T

Plant 30 48.00 51.00 46.00 44.00 44.00 37.00 35.00 43.57 HS
Plant 31 15.00 20.50 25.00 16.50 16.00 14.00 10.90 16.84 MR
Plant 32 40.00 44.00 43.00 39.00 40.00 32.00 30.50 38.36 S
Plant 33 50.20 55.00 54.50 46.00 47.00 48.30 38.00 48.43 HS
Plant 34 5.00 6.80 10.50 9.50 6.50 6.00 5.00 7.04 HR



2/0

Plant 35 15.60 20.00 21.50 16.50 13.00 12.50 12.50 15.94 MR
Plant 36 36.00 37.20 35.20 35.60 32.40 32.00 30.00 34.06 S

Plant 37 42.50 42.00 41.50 38.50 33.20 35.00 30.60 37.61 S
Plant 38 6.50 7.20 8.50 6.50 5.50 5.00 4,80 6.29 HR

Plant 39 18.00 20.50 18.00 16.50 16.00 14.00 14.00 16.71 MR
Plant 40 34.00 36.60 38.00 35.50 30.60 29.00 27.40 33.01 S
Plant 41 32.00 30.80 32.00 29.50 24.80 20.80 19.50 27.06 T
Plant 42 6.50 10.20 9.50 9.00 7.00 6.50 6.00 7.81 HR

Plant 43 7.50 11.60 10.50 9.50 9.00 7.00 5.50 8.66 HR

Plant 44 15.32 11.23 14.23 15.62 17.62 16.32 11.32 14.52 MR
Plant 45 37.00 36.00 38.90 34.60 34.80 30.60 20.00 33.13 S

Plant 46 16.50 19.50 28.00 20.50 18.00 15.40 12.50 18.63 MR
Plant 47 45.50 42.40 46.50 41.60 32.50 30.50 28.00 38.14 S
Plant 48 33.00 36.00 37.00 33.20 30.50 33.20 30.70 33.37 S

Plant 49 5.50 5.00 8.50 9.00 6.00 5.50 4.50 6.29 HR

Plant 50 48.50 50.00 50.50 48.80 48.70 36.80 33.50 45.26 HS
Plant 51 50.20 54.00 53.50 48.50 44.50 40.70 38.60 47.14 HS

Plant 52 28.50 32.00 31.20 25.20 25.00 18.00 14.80 24.96 T

Plant 53 8.00 12.00 7.50 7.00 6.00 6.00 5.00 7.36 HR

Plant 54 33.50 32.60 30.50 25.60 25.00 20.50 18.00 26.53 T

Plant 55 26.00 32.00 30.00 25.50 23.50 23.50 20.00 25.79 T

Plant 56 55.00 53.00 50.70 48.00 38.50 35.00 33.00 44.74 HS
Plant 57 15.60 20.00 18.50 15.00 18.00 12.00 10.80 15.70 MR

Plant 58 50.70 52.00 55.00 49.50 50.00 36.50 36.00 47.10 HS
Plant 59 8.00 9.50 12.00 8.50 10.50 6.50 6.00 8.71 HR

Plant 60 52.00 47.50 48.00 50.00 43.50 38.00 33.00 44.57 HS
Mean 28.92 31.41 32.28 28.74 25.99 23.26 20.85 27.35

DAT- Days After Transplanting

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly Susceptible
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Table 42; Percentage of shoots damaged by
in F2cross Raidurg local

shoot and fruit borer at different intervals
X Pusa Purple Cluster

Fzsegregant 30

DAT

40

DAT

50

DAT

60

DAT

70

DAT

80

DAT

90

DAT

Pooled

Mean

Rating

Plant 1 34.00 38.00 40.00 38.00 34.00 32.00 32.00 35.43 S

Plant 2 5.00 5.00 12.00 12.00 6.00 5.00 5.00 7.14 HR

Plant 3 45.00 46.50 48.00 46.80 36.40 35.40 36.80 42.13 HS

Plant 4 50.20 48.50 48.00 44.60 40.50 38.00 38.00 43.97 HS

Plant 5 18.00 16.50 19.00 17.80 16.30 18.45 20.00 18.01 MR

Plant 6 5.50 10.00 10.00 8.00 6.50 5.00 5.00 7.14 HR

Plant 7 41.50 38.60 40.20 30.00 30.00 25.00 24.20 32.79 S

Plant 8 15.32 15.20 19.20 17.32 20.00 19.00 16.95 17.57 MR

Plant 9 34.44 34.80 34.00 36.00 36.20 33.00 29.00 33.92 S
Plant 10 5.50 5.00 5.50 7.50 8.20 8.00 5.80 6.50 HR

Plant 11 48.00 48.00 46.00 34.00 30.00 26.00 20.00 36.00 S
Plant 12 4.50 4.00 5.80 7.20 7.80 5.50 4.80 5.66 HR

Plant 13 22.12 23.40 20.48 22.32 21.10 26.80 24.50 22.96 T

Plant 14 52.00 56.20 48.00 46.50 50.00 43.50 34.00 47.17 HS

Plant 15 9-50 8.50 6.50 9.62 8.92 8.94 9.00 8.71 HR

Plant 16 48.40 40.00 44.00 32.00 29.50 28.00 25.00 35.27 S

Plant 17 25.60 27.42 28.00 25.68 24.20 22.00 18.20 24.44 T

Plant 18 46.00 52.00 52.00 48.60 44.40 40.00 38.50 45.93 HS

Plant 19 8.00 8.00 10.00 6.00 7.00 5.00 5.00 7.00 HR

Plant 20 44.00 45.00 46.00 40.00 34.00 28.00 20.00 36.71 S

Plant 21 35.00 38.00 40.00 34.00 30.00 32.20 27.00 33.74 S

Plant 22 5.50 6.00 7.20 6.50 5.80 6.20 5.50 6.10 HR

Plant 23 43.20 44.00 45.00 34.00 29.00 22.80 21.00 34.14 S

Plant 24 36.00 46.50 42.00 40.00 30.00 25.00 21.00 34.36 s

Plant 25 14.78 16.00 13.86 17.23 14.75 16.21 15.23 15.44 MR

Plant 26 40.00 45.00 50.00 48.00 50.00 45.00 38.00 45.14 HS

Plant 27 53.00 53.80 54.60 43.00 36.00 29.00 25.00 42.06 HS

Plant 28 6.00 6.00 10.00 10.00 6.00 5.00 5.00 6.86 HR

Plant 29 44.40 45.00 46.00 34.00 31.00 26.00 20.50 35.27 S

Plant 30 22.00 26.00 27.00 24.60 27.00 26.20 18.50 24.47 T

Plant 31 48.10 50.00 52.00 36.00 40.50 32.00 30.80 41.34 HS

Plant 32 5.00 5.00 10.00 11.00 6.00 5.00 5.00 6.71 HR

Plant 33 38.70 38.00 39.00 25.00 22.00 20.80 18.00 28.79 T

Plant 34 36.50 35.00 36.00 25.70 24.50 21.00 17.00 27.96 T

i



2/2

Plant 35 7.50 11.50 10.00 10.00 6.00 6.00 5.00 8.00 HR

Plant 36 35.00 33.20 35.20 35.60 32.40 32.00 30.00 33.34 S

Plant 37 52.00 51.60 56.50 48.50 45.60 38.50 32.40 46.44 HS

Plant 38 52.10 50.40 51.00 32.00 29.00 24.00 15.80 36.33 S

Plant 39 40.20 38.50 36.00 26.80 22.80 18.00 16.50 28.40 T

Plant 40 6.00 12.00 10.00 10.00 6.00 5.00 5.00 7.71 HR

Plant 41 33.00 33.80 30.20 32.50 26.00 20.70 16.50 27.53 T

Plant 42 39.00 40.00 44.00 29.50 30.50 26.00 20.00 32.71 S

Plant 43 36.00 34.20 33.50 35.00 30.60 30.00 28.50 32.54 S

Plant 44 15.32 11.23 14.23 15.62 17.62 16.32 11.32 14.52 MR

Plant 45 4.00 7.00 12.00 10.00 6.00 5.00 5.00 7.00 HR

Plant 46 29.50 30.20 34.00 24.80 23.80 22.50 18.50 26.19 T

Plant 47 51.30 50.40 48.70 48.70 48.50 42.30 38.00 46.84 HS

Plant 48 33.00 36.00 37.00 33.20 30.50 33.20 30.70 33.37 S

Plant 49 32.00 33.00 38.00 26.00 24.00 19.00 16.00 26.86 T

Plant 50 5.00 6.00 10.00 10.00 6.50 6.50 6.00 7.14 HR

Plant 51 48.50 50.00 50.50 48.80 48.70 36.80 33.50 45.26 HS

Plant 52 32.00 33.50 34.00 26.80 25.50 19.00 15.60 26.63 T

Plant 53 24.00 26.40 22.00 18.00 14.00 12.50 10.00 18.13 MR

Plant 54 51.20 48.80 47.80 49.20 50.50 38.50 32.00 45.43 HS

Plant 55 16.00 14.50 16.00 15.80 15.00 12.50 9.00 14.11 MR

Plant 56 8.00 9.50 10.50 12.00 5.00 5.00 5.00 7.86 HR

Plant 57 10.52 11.32 15.65 17.32 16.54 10.98 10.52 13.26 MR

Plant 58 44.80 45.00 50.00 32.00 29.00 20.00 15.20 33.71 S

Plant 59 20.00 28.00 35.00 32.00 26.00 22.60 16.40 25.71 T

Plant 60 45.00 45.00 38.00 34.00 30.00 28.00 28.00 35.43 S

Mean 29.36 30.27 31.25 27.22 24.83 21.93 19.16 26.29

DAT- Days After Transplanting

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly Susceptible
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52.00,42.40, 30.50 and 28.00), plantBO (48.00, 51.00,46.00, 44.00, 44.00, 37.00 and

35.00), plant33 (50.20, 55.00, 54.50, 46.00, 47.00, 48.30 and 38.00), plant50 (48.50,

50.00, 50.50, 48.80, 48.70, 36.80 and 33.50), plant51 (50.20, 54.00, 53.50, 48.50,

44.50,40.70 and 38.60), plant56 (55.00,53.00, 50.70, 48.00,38.50,35.00 and 33.00),

plant58 (50.70, 52.00, 55.00, 49.50, 50.00, 36.50 and 36.00), plant60 (52.00, 47.50,

48.00, 50.00, 43.50, 38.00 and 33.00) at all 30 DAT, 40 DAT, 50 DAT, 60 DAT, 70

DAT, 80 DAT and 90 DAT respectively.

In another cross combination Raidurg Local X Pusa Purple Cluster the

minimum percentage of young shoots damage was recorded in fourteen segregants

viz., plant2 (5.00, 5.00, 12.00, 12.00, 6.00, 5.00 and 5.00), plant6 (5.50, 10.00, 10.00,

8.00, 6.50, 5.00 and 5.00), plantlO (5.50, 5.00, 5.50, 7.50, 8.20, 8.00 and 5.8), plantl2

(4.50,4.00, 5.80, 7.20, 7.80, 5.50 and 4.80), plantl5 (9.50, 8.50,6.50, 9.62, 8.92, 8.94

and 9.00), plantl9 (8.00, 8.00, 10.00, 6.00, 7.00, 5.00 and 5.00), plant22 (5.50, 6.00,

7.20,6.50,5.80,6.20 and 5.50), plant28 (6.00,6.00,10.00,10.00,6.50,5,00 and 5.00),

plant32 (5.00, 5.00, 10.00, 11.00, 6.00, 5.00 and 5.00), plant35 (7.50, 11.50, 10.00,

10.00, 6.00, 6.00 and 5.00), plant40 (6.00, 12.00, 10.00, 10.00, 6.00, 5.50 and 5.00),

plant45 (4.00, 7.00, 12.00, 10.00, 6.00, 5.00 and 5.00), plant50 (5.00, 6.00, 10.00,

10.00, 6.50, 6.50 and 6.00) and plant56 (8.00, 9.50, 10.50,12.00, 5.00, 5.00 and 5.00)

at all 30 DAT, 40 DAT, 50 DAT, 60 DAT, 70 DAT, 80 DAT and 90 DAT respectively.

Infestation of young shoots was highest in eleven segregants viz., plant3 (45.00,46.50,

48.00,46.80, 36.40, 35,40 and 36.80), plant4 (50.20,48.50,48.00,44.60,40.50,38.00

and 38.00), plantl4 (52.00, 56.20, 48.00, 46.50, 50.00, 43.50 and 34.00), plantl8

(46.00, 52.00, 52.00, 48.60, 44.40, 40.00 and 38.50), plant26 (40.00, 45.00, 50.00,

48.00, 50.00, 45.00 and 38.00), plant27 (53.00, 53.80, 54.60,43.00, 36.00, 29.00 and

25.00), plant31 (48.10,50.00, 52.00, 36.00, 40.50, 32.00 and 30.80), plant37 (52.00,

51.60, 56.50, 48.50, 45.60, 38.50 and 32.40), plant47 (51.30, 50.40, 48.70, 48.70,

48.50, 42.30 and 38.00), plant51 (48.50, 50.00, 50.50,48.80, 48.70, 36.80 and 33.50)

^3
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and plant54 (51.20, 48.80, 47.80, 49.20, 50.50, 38.50 and 32.00) at all 30 DAT, 60

DAT, 70DAT, 80DAT and 90DAT respectively.

4,3.1.2 Fruit Infestation Percentage by SFB

SFB fruit infestation was screened based on the fruit infestation percentage at

10 days interval from 60, 70, 80, 90 and 100 days after transplanting in two cross

combinations (Table 41 and 43). Differential response to the fruit infestation by SFB

was noticed all the hybrids studied.

The minimum percentage of young fruits infestation was recorded in thirteen

segregants of cross combination IC-433678 X IC-89986 viz., plant5 (10.00,12.50, 7.50,

7.00 and 6.50), plant8 (12.00, 10.00, 8.00, 6.00 and 6.00), plantl3 (8.50, 12.50, 9.00,

7.50 and 6.00), plantl5 (7.00, 8.50, 8.00, 6.50 and 5.00), plant20 (6.50, 12.00, 11.00,

7.00 and 5.00), plant23 (6.50, 10.20, 12.00, 6.00 and 5.50), plant34 (5.50, 7.50, 7.00,

6.00 and 6.00), plant38 (10.00,10.00, 9.00, 9.00 and 6.50), plant42 (9.50, 10.00, 9.00,

7.00 and 7.00), plant43 (10.00, 10.00, 8.00, 6.00 and 6.00), planl49 (9.50,12.00, 8.00,

8.00 and 6.50), plant53 (12.00, 9.50, 7.00, 5.00 and 5.00), plant59 (8.00, 12.00,10.00,

6.00 and 6.00) at all 30 DAT, 60 DAT, 70DAT, 80DAT and 90DAT respectively.

Maximum infestation of young fruits was observed in thirteen segregants of the same

cross combination viz., plant7 (48.00, 48.50, 46.50, 38.00 and 40.00), plantlO (52.00,

49.50,44.80, 39.50 and 34.00), plantl2 (50.50, 54.00,48.50, 38.00 and 35.50), plantl8

(52.20, 53.50,45.00, 38.00 and 35.00), plant27 (46.50, 51.00, 48.60, 44.50 and 39.70),

plant33 (51.00, 50.00,48,00,45.00 and 45.50), plant37 (52.50,53.00,52.00,42.00 and

40.00), plant45 (48.00, 50.00, 50.00, 45.00 and 30.00), plant50 (48.00, 50.00, 52.00,

43.00 and 37.00), plant51 (45.50, 52.00, 45.00, 39.00 and 34.00), plant56 (46.00,

48.00,46.00, 39.00 and 37.00), plant58 (49.00,52.00,44.00,35.00 and 35.00), plant60

(45.00, 48.00, 51.00, 38.00 and 38.00) at all 60 DAT, 70DAT, 80DAT, 90DAT and

lOODAT respectively.
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Table 41: Percentage of fruits damaged by shoot and fruit borer at different intervals
in F2 cross IC-433678 XIC-89986

F2

segregant

60DAT 70DAT 80DAT 90DAT lOODAT Pooled

Mean

Rating

Plant 1 43.00 46.20 38.50 35.00 32.00 38.94 S
Plant 2 36.50 44.00 45.00 32.50 33.00 38.20 s
Plant 3 28.50 32.00 30.50 28.50 25.00 28.90 T

Plant 4 16.50 20.00 15.50 12.00 10.50 14.90 MR
Plant 5 10.00 12.50 7.50 7.00 6.50 8.70 HR

Plant 6 35.00 42.00 44.00 34.50 30.80 37.26 S

Plant? 48.00 48.50 46.50 38.00 40.00 44.20 HS
Plant 8 12.00 10.00 8.00 6.00 6.00 8.40 HR

Plant 9 35.00 34.80 37.50 29.50 30.00 33.36 S

Plant 10 52.00 49.50 44.80 39.50 34.00 43.96 HS
Plant 11 30.50 32.00 28.00 24.00 22.50 27.40 T

Plant 12 50.50 54.00 48.50 38.00 35.50 45.30 HS
Plant 13 8.50 12.50 9.00 7.50 6.00 8.70 HR

Plant 14 35.50 43.00 40.00 38.50 34.00 38.20 S
Plant 15 7.00 8.50 8.00 6.50 5.00 7.00 HR
Plant 16 38.00 43.00 36.50 32.00 29.80 35.86 S

Plant 17 20.50 29.00 26.00 22.50 22.00 24.00 T

Plant 18 52.20 53.50 45.00 38.00 35.00 44.74 HS
Plant 19 16.00 20.00 18.00 15.00 12.50 16.30 MR
Plant 20 6.50 12.00 11.00 7.00 5.00 8.30 HR

Plant 21 40.00 42.00 38.00 34.00 30.50 36.90 S

Plant 22 41.00 42.00 36.00 32.00 30.80 36.36 S
Plant 23 6.50 10.20 12.00 6.00 5.50 8.04 HR
Plant 24 40.00 43,00 40.00 36.50 32.00 38.30 S
Plant 25 17.60 20.50 15.00 14.80 12.70 16.12 T

Plant 26 42.50 44.30 38.60 36.40 30.75 38.51 S
Plant 27 46.50 51.00 48.60 44.50 39.70 46.06 HS

Plant 28 25.00 30.00 31.70 22.50 20.80 26.00 T

Plant 29 28.00 32.00 28.50 28.00 25.00 28.30 T
Plant 30 35.60 39.00 36.00 33.60 30.50 34.94 S

Plant 31 16.00 20.00 21.00 14.00 14.00 17.00 MR
Plant 32 35.50 38.00 40.00 32.00 30.50 35.20 S
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Plant 33 51.00 50.00 48.00 45.00 45.50 47.90 HS
Plant 34 5.50 7.50 7.00 6.00 6.00 6.40 HR

Plant 35 18.00 20.00 16.00 16.00 12.00 16.40 MR

Plant 36 34.00 36.00 36.00 30.00 30.00 33.20 S

Plant 37 52.50 53.00 52.00 42.00 40.00 47.90 HS
Plant 38 10.00 10.00 9.00 9.00 6.50 8.90 HR

Plant 39 21.00 20.50 20.00 14.00 12.50 17.60 MR

Plant 40 33.00 38.00 40.00 32.00 32.00 35.00 S

Plant 41 25.00 28.00 25.00 20.00 18.00 23.20 T

Plant 42 9.50 10.00 9.00 7.00 7.00 8.50 HR

Plant 43 10.00 10.00 8.00 6.00 6.00 8.00 HR

Plant 44 15.00 18.00 20.00 18.00 15.50 17.30 MR

Plant 45 48.00 50.00 50.00 45.00 30.00 44.60 HS

Plant 46 20.00 22.00 18.00 15.00 15.00 18.00 MR

Plant 47 40.00 44.00 35.00 32.00 30.00 36.20 S

Plant 48 32.00 37.00 35.00 30.00 31.00 33.00 S

Plant 49 9.50 12.00 8.00 8.00 6.50 8.80 HR

Plant 50 48.00 50.00 52.00 43.00 37.00 46.00 HS

Plant 51 45.50 52.00 45.00 39.00 34.00 43.10 HS

Plant 52 22.00 22.00 20.00 16.00 12.00 18.40 T

Plant 53 12.00 9.50 7.00 5.00 5.00 7.70 HR

Plant 54 30.00 30.00 25.00 25.00 22.00 26.40 T

Plant 55 28.00 28.00 30.00 22.00 20.50 25.70 T

Plant 56 46.00 48.00 46.00 39.00 37.00 43.20 HS

Plant 57 20.00 23.00 16.70 15.00 12.00 17.34 MR

Plant 58 49.00 52.00 44.00 35.00 35.00 43.00 HS

Plant 59 8.00 12.00 10.00 6.00 6.00 8.40 HR

Plant 60 45.00 48.00 51.00 38.00 38.00 44.00 HS

Mean 29.06 31.66 29.27 24.73 22.66 27.47

DAT- Days After Transplanting

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly Susceptible

U
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Table 43: Percentage of fruits damaged by shoot and fhiit borer at different intervals
in Facross Raidurg local X Pusa Purple Cluster

F2

segregant

60DAT 70DAT 80DAT 90DAT lOODAT Pooled

Mean

Rating

Plant 1 42.00 45.00 38.50 34.00 32.40 38.38 S
Plant 2 5.00 13.00 10.00 6.00 5.00 7.80 HR

Plant 3 44.50 47.00 45.80 38.40 35.50 42.24 HS

Plant 4 42.50 44.00 45.00 40.00 38.00 41.90 HS

Plants 15.50 16.00 17.80 14.60 12.40 15.26 MR

Plant 6 10.00 10.50 8.00 6.00 6.00 8.10 HR

Plant? 42.00 47.00 48.50 43.60 37.00 43.62 HS

Plant 8 18.50 26.30 28.00 20.50 18.00 22.26 T

Plant 9 34.00 36.50 38.00 30.80 30.00 33.86 S
Plant 10 6.50 9.70 6.50 5.80 5.00 6.70 HR

Plant 11 42.00 45.00 36.00 30.00 30.00 36.60 S
Plant 12 7.50 8.80 9.50 7.20 6.80 7.96 HR

Plant 13 36.20 28.20 20.60 19.25 18.50 24.55 T

Plant 14 50.20 49.80 54.30 45.50 38.70 47.70 HS

Plant 15 6.70 8.65 8.90 6.32 5.60 7.23 HR

Plant 16 38.00 55.20 36.50 32.60 30.40 38.54 S

Plant 17 42.00 43.00 38.50 35.00 34.50 38.60 T

Plant 18 48.60 50.20 48.50 37.25 35.00 43.91 HS
Plant 19 8.00 12.00 6.00 6.00 6.00 7.60 HR

Plant 20 37.64 40.60 34.70 33.50 30.35 35.36 S

Plant 21 36.20 39.40 38.00 33.00 30.26 35.37 S

Plant 22 7.80 9.20 9.00 8.90 5.60 8.10 HR

Plant 23 42.30 48.80 47.60 37.40 34.50 42.12 HS
Plant 24 55.00 52.00 51.00 40.00 38.00 47.20 HS

Plant 25 17.60 20.50 15.00 14.80 12.70 16.12 MR

Plant 26 42.50 44.30 38.60 36.40 30.75 38.51 S

Plant 27 48.00 52.50 48.60 44.50 39.70 46.66 HS
Plant 28 7.00 12.00 12.00 6.00 6.00 8.60 HR

Plant 29 40.00 40.00 38.00 30.00 30.00 35.60 S
Plant 30 28.00 30.00 24.00 19.00 15.00 23.20 T

Plant 31 42.00 52.40 53.00 46.00 36.50 45.98 HS

Plant 32 4.80 6.20 12.00 4.50 4.50 6.40 HR

Plant 33 29.50 32.20 33.00 22.60 18.20 27.10 T

Plant 34 28.00 36.40 22.70 19.80 16.40 24.66 T

n
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Plant 35 10.00 12.00 8.00 8.00 5.00 8.60 HR

Plant 36 35.00 35.20 34.20 32.10 31.00 33.50 S

Plant 37 52.50 53.00 52.00 42.00 40.00 47.90 HS

Plant 38 38.00 40.00 40.00 35.00 30.00 36.60 S

Plant 39 28.70 30.12 34.20 24.50 23.92 28.29 T

Plant 40 10.00 12.00 8.00 6.00 6.00 8.40 HR

Plant 41 34.00 31.90 30.70 24.20 20.54 28.27 T

Plant 42 35.00 36.00 36.00 32.00 31.00 34.00 S

Plant 43 38.00 40.00 39.00 31.00 30.00 35.60 s

Plant 44 16.00 19.00 19.00 16.00 16.00 17-20 MR

Plant 45 6.00 11.00 8.00 5.00 4.00 6.80 HR

Plant 46 28.00 29.20 30.00 26.90 23.50 27.52 T

Plant 47 48.20 50.30 47.30 40.10 34.10 44.00 HS

Plant 48 31.60 34.30 31.70 30.00 30.00 31.52 S

Plant 49 29.00 30.00 30.00 27.00 20.00 27.20 T
Plant 50 5.00 6.50 10.00 5.00 5.00 6.30 HR

Plant 51 49.20 48.50 50.00 44.00 41.50 46.64 HS
Plant 52 20.00 28.20 26.40 21.00 20.50 23.22 T

Plant 53 12.54 18.60 20.30 15.40 13.70 16.11 MR

Plant 54 52.00 48.10 44.00 40.00 35.40 43.90 HS

Plant 55 13.50 14.80 20.10 19.40 15.40 16.64 MR

Plant 56 5.00 9.50 10.50 6.00 6.00 7.40 HR

Plant 57 23.60 27.00 25.40 25.00 20.10 24.22 T

Plant 58 50.00 52.00 50.00 36.00 34.10 44.42 HS

Plant 59 28.20 32.00 28.60 25.00 22.00 27.16 T

Plant 60 42.50 45.00 46.00 42.50 38.00 42.80 HS

Mean 29.13 31.78 30.03 25.24 22.83 27.80

DAT- Days After Transplanting

HR- Highly Resistant MR- Moderately Resistant T- Tolerant

S- Susceptible HS- Highly Susceptible

n
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In another cross combination Raidurg Local X Pusa Purple Cluster the

minimum percentage of young fruits damage was recorded in fourteen segregants viz.,

plant2 (5.00, 13.00, 10.00, 6.00 and 5.00), plant6 (10.00, 10.50, 8.00, 6.00 and 6.00),

plantlO (6.50, 9.70, 6.50, 5.80 and 5.00), plantl2 (7.50, 8.80, 9.50, 7.20 and 6.80),

plantl5 (6.70, 8.65, 8.90, 6.32, and 5.60), plantl9 (8.00, 12.00, 6.00, 6.00 and 6.00),

plant22 (7.80, 9.20, 9.00, 8.90 and 5.60), plant28 (7.00, 12.00, 12.00, 6.00 and 6.00),

plant32 (4.80, 6.20,12.00, 4.50 and 4.50), plant35 (10.00, 12.00, 8.00, 8.00 and 5.00),

plant40 (10.00,12.00, 8.00,6.00 and 6.00), plant45 (6.00,11.00, 08.00, 5.00 and 4.00),

plant50 (5.00,6.50,10.00,5.00 and 5.00) and plant56 (5.00,9.50,10.50,6.00 and 6.00)

at all 60 DAT, 70DAT, 80DAT, 90DAT and lOODAT respectively. Maximum

infestation of young fruits was observed in fifteen segregants of the same cross

combination viz., plant3 (44.50, 47.00, 45.80, 38.40 and 35.50), plant4 (42.50, 44.00,

45.00, 40.00 and 38.00), plant7 (42.00,47.00,48.50,43.60 and 37.00), plantl4 (50.20,

49.80, 54.30,45.50 and 38.70), plantl8 (48.60, 52.20,48.50,37.25 and 35.00), plant23

(42.30,48.80, 47.60, 37.40 and 34.50), plant24 (55.00, 52.00, 51.00, 40.00 and 38.00),

plant27 (48.00, 52.50,48.60,44.50 and 39.70), plant31 (42.00,52.40, 53.00, 46.00 and

36.50), plant37 (52.00, 53.00, 52.00, 42.00 and 40.00), plant47 (48.20, 50.30, 47.30,

40.10 and 34.10), plant51 (49.20, 48.50, 50.00, 44.00 and 41.50) and plant54 (52.00,

48.10, 44.00, 40.00 and 35.40), plant58 (50.00, 52.00, 50.00, 36.00 and 34.10) and

plant60 (42.50,45.00,46.00,42.50 and 38.00) at all 30 DAT, 60 DAT, 70DAT, 80DAT

and 90DAT respectively.

4.3.2 Molecular Analysis of Fi Segregants

The two highly resistant as well as high yielding hybrids IC-433678 X IC-

89986 and Raidurg Local X Pusa Purple Cluster were further selected to raise the ¥2

population. The Fj plants from selected two crosses was selfed and produced the Fi

population. Among the two F2 populations sixty segregants from each cross was raised

along with their eight parents which include three resistance and five susceptible to

SFB in the main field and screened for shoot and fhiit borer resistance/tolerance under



field conditions. The same phenotypical data (Table 40, 41, 42 and 43) was subjected

to molecular analysis to compare the susceptible and resistance segregants in two F2

population. Among the two F2 populations, randomly ten each resistant and highly

susceptible segregants (F2 plants) were taken along with their eight parents. DNA &om

all the resistant and susceptible segregants along with their respective parents was

isolated. After that, DNA was pooled separately and made the resistant bulk and

susceptible bulk. Using 22 RAJ^D markers, pooled DNA from resistant and susceptible

segregants was compared along with the DNA of respective parents though bulk

segregant analysis. The step wise results were given as under.

4,3,2.1 Polymorphic Survey between Resistant and Susceptible Parents

In the present study, 22 RAPD primers (table) were subjected to amplify the

genomic DNA of the parents, out of them eight primers (OPO-20, OPW-4, OPO-17,

OPL-6, OPC-4, OPL-9, OPC-5 and OPA-3) showed the banding pattern. Further these

eight primers were used to study the polymorphism between resistant and susceptible

parents. Only three primers namely OPO-20, OPC-4 and OPL-9 showed polymorphism

between resistant and susceptible parents (plate 18 and 19), rest of the primers were

monomorphic. Out of three primers, two primers OPC-4 and OPL-9 amplified the

DNA product in the cross IC-433678 ̂  IC-89986 at 550 and 500 base pairs respectively

(plate 19). One primer OPO-20 amplified the DNA product in the cross Raidurg Local

X Pusa Purple Cluster at 400 base pairs (plate 18).

4.3.2.2 Bulk Segregant Analysis

Bulk segregant analysis was performed using three primers v/r., OPO-20, OPC-

4 and OPL-9 for discriminating the parents. The primer OPO-20 amplified at 400 base

pair in cross Raidurg Local x Pusa Purple Cluster and two primers OPL-9 and OPC-4

amplified at 500 and 550 base pair respectively in cross IC-433678 x IC-89986. These

resistant bands were also present in resistant bulk. The primers which was present in

the resistant parent and resistant bulk showed co-segregation of the marker with

1 a



L.^ Li

22/

Plate 15. Isolation of parental DNA of brinjal

Li IC-345271

hi IC-433678

La Jagaluru Local

U Tiptur Local

Ls Raidurg Local

Ti IC-89986

T2 Vellayani Local

Ta - Pusa Purple Cluster
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resistant gene where the band was absent in susceptible parent and susceptible bulk in

F2 generation.

4,3.2,2.1 Single Plant AnalysisforBSA

4.3.2.2.1.1 F2 Population of the Cross Raidurg Local ̂  Pusa Purple Ouster

The primer OPO-20 (ACACACGCTG) amplified a fragment of approximately

400 base pair in the resistant parent, resistant bulk which consisted of 10 randomly

selected resistant individuals (plate 21).

4.3.2.2.1.2 F2 Population ofthe Cross IC-433678 x IC-89986

The primer OPC-4 (CCGCATCTAC) amplified a fragment of approximately

550 base pair (plate 20) in the resistant parent, resistant bulk and primer and primer

OPL-9 (TGCGAGAGTC) amplified a fragment of approximately 500 base pair (plate

22) in the resistant parent, resistant bulk which consisted of 10 randomly selected

resistant individuals.

Table 44. List of RAPD primers used for polymorphic survey between resistant and

susceptible parents

SN Primer Primer sequence Base pair (bp) Genotype

1 OPA-01 caggcccttc 450 IC-345271

2 OPA-02 tgccgagctg 450 Jagaluru Local

3 OPA-03 agtcagccac 450 IC-433678

4 OPA-04 aatcgggctg 450 Raidurg Local

5 OPB-12 ccttgacgca 450 Tiptur Local

6 OPB-14 tccgctctgg 450 Jagaluru Local

7 OPC-02 gtgaggcgtc 450 IC-433678

8 OPC-04 ccgcatctac 550 'IC-89986'
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9 OPC-05 gatgaccgcc 450 Raiduig Local

10 OPE-19 acggcgtatg 450 IC-345271

11 OPE-20 aacgctgacc 450 Jagaluru Local

12 OPL-05 acgcaggcac 450 IC-345271

13 OPL-06 gagggaagag 450 Tiptur Local

14 OPL-07 aggcgggaac 450 Raiduig Local

15 OPL-08 agcaggtgga 450 IC-433678

16 OPL-09 tgcgagagtc 500 'IC-89986'

17 OPO-17 ggcttatgtc 450 Tiptur Local

18 OPO-18 ctcgcacgtt 450 Tiptur Local

19 OPO-19 ggtgcacgtt 450 IC-345271

20 OPO-20 acacacgctg 400 'Pusa Purple Cluster'

21 OPW-04 cagaagcgga 450 Jagaluru Local

22 OPW-05 ggtgactgtg 450 IC-345271
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IM RP SP RB SB

550 bp

Plate 20. Bulked Segregant analysis (BSA) of in cross *IC-433678 x IC-89986'

using OPC-4 primer

M - Maiker

RP - IC-89986

SP -IC-433678

RB - Resistant Bulk

SB - Susceptible Bulk
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400 bp <—

M RP SP RB SB

Plate 21. Bulked segregant analysis (BSA) of in cross 'Raidurg Local x Pusa Purple

Cluster.' using OPO-20 primer

M  - Marker

RP - Pusa Purple Cluster

SP - Raidurg Local

RB - Resistant Bulk

SB - Susceptible Bulk
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500 bp

Kl* SP RU SB

Plate 22. Bulked segregant analysis (BSA) of in cross *IC-433678 x IC-89986*

using OPL-9 primer

M  - Marker

RP - IC-89986

SP -IC-433678

RB - Resistant Bulk

SB - Susceptible Bulk
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5. DISCUSSION

The experimental data collected on growth, morphological, yield and yield

attributing characters of brinjal were statistically analyzed and the experimental results

are discussed under following headings.

5.1 EXPERIMENT I. COLLECTION AND EVALUATION OF GERMPLASM

The sixty brinjal accessions were subjected to detailed study on variability,

heritability, genetic advance, correlation, path analysis and screening for shoot and fruit

borer resistance/tolerance.

5.1.1 Mean Performance of Accessions during Kharif and Rabi Season.

In any statistical analysis of data per st performance is the true realized mean

of the recorded data and this is a direct estimate based on the observation and not on

assumption. Selection of superior genotypes based on per se performance is more

reliable data than any other parameter. The success of crop improvement lies in the

selection of suitable parents. While evaluating the genotypes, the high mean value is

considered as the acceptable procedure for a long time among the breeders.

In the present study, significant differences were recorded among the sixty

genotypes in kharif and rabi seasons for all twenty three characters studied. The growth,

yield and yield attributing characters like plant height, number of primary branches

plant'^ days to first flower, percentage of medium styled flowers, percentage of long

styled flowers, percentage of short styled flowers, number of fruits planf^ length of

fi-uit, girth of fmit, fruit weight, days to first harvest, days to last harvest and fhiit yield

plant"' have shown remarkable variation among the genotypes. Such variances for these

characters were in accordance with the earlier reports in brinjal by Rajput et al (1996),

Patel et aL (2004), Singh and Kumar (2005), Raraeshbabu and Patil (2008), Islam and

Uddin (2009), Prabhu et al. (2009), Ansari et al. (2011), Roychowdhury et al. (2011),

Kumar et al. (2011), Kranthirekha (2011), Shekar et a/. (2012), Arunkumar et al.

(2013), Kumar and Arumugam (2013),Yadav et al. (2014), Gavade and Ghadage
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(2015), Solaimana et al. (2015) and Gangadhara and Abraham (2016a).

Morphological characters like SFB shoot damage, SFB fruit damage, intra

cluster distance, inter cluster distance, calyx length, RLPS, RLSA, weight of infested

fruits as well as quality parameters like total sugars and total phenols showed

considerable variation among the genotypes. Similar differential variation for

morphological and quality parameters in different genotypes of brinjal was reported by

Panda et al. (1971), Mishra et al. (1988), Hossain et al. (2002), Hazra et al. (2004),

Senapathi and Senapathi (2006), Gupta and Kauntey. (2008). Kranthirekha (2011),

Arunkumar et al. (2013), Kumar and Arumugam (2013), Yadav et al. (2014), Gavade

and Ghadage (2015), Solaimana et al. (2015) and Gangadhara and Abraham (2016b).

5.1.2 Genetic Variability, Heritabiiity and Genetic Advance during Kharif and

Rabi season.

For a successful crop improvement programme, information on the nature and

magnitude of genetic variability and degree of transmission of the traits is of immense

importance. The variability available in the population can be partitioned into heritable

and non-heritable component viz., phenotypic and genotypic coefficients of variation,

heritabiiity and genetic advance on which selection can be effectively carried out. The

relative values of these types of co-efficient give an idea about magnitude of variability

present in the genetic population (Singh and Singh, 1975). High phenotypic and

genotypic co-efficient of variation values indicate the presence of ample variation

among the germplasm under study and facilitate the selection of desirable genotypes

for improving that particular character. However, presence of sufficient variation is not

enough unless the character is additively inherent. High heritabiiity accompanied with

high genetic advance confirms the additively inherent nature of a particular character.

Heritabiiity and genetic advance are important selection parameters. High heritabiiity

alone is not enough for a rewarding selection, unless accompanied by substantial

amount of genetic advance (Johnson et ai, 1955).
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Various genetic parameters like phenotypic and genotypic co- efficient of

variability (PCV, GCV), heritability, genetic advance (GA) and genetic advance as per
cent of mean (GAM) for the twenty three quantitative characters were measured for

kharif and rabi seasons have been discussed as below.

5J.2J Genetic Variability

One of the ways by which variability in the characters assessed is through a

simple approach of examining the range of variations. Range of variation is observed

for all the traits in the present study at kharif and rabi seasons indicates, sufficient

amount of variation among the genotypes for characters under study.

In general, higher phenotypic co efficient of variability values than that of

genotypic co-efficient of variability values indicates the influence of environment on

traits. But. closer PCV and GCV values were observed for majority of the characters

in the present study and possibly they were less influenced by environment indicating
reliability of selection based on these traits. The higher PCV and GCV values in the

kharif and rabi seasons were observed for the characters like plant height, number of
primary branches plant"', number of fruits plant"', length of fruit, girth of fhiit, fruit
weight, intra cluster distance, fruit yield plant"'- SFB shoot damage, SFB fruit damage,
RLPS, RLSA and weight of infested fruits indicating that a greater amount of genetic

variability was present for these characters which provide greater scope for selection.

These results are similar with earlier reports by Singh and Kumar (2005), Nayak et al
(2009), Sherly and Shanthi (2009), Kranthirekha (2011), Arunkumar et al (2013),
Kumar and Arumugam (2013),Yadav et al (2014), Gavade and Ghadage (2015),

Solaimana et al (2015) and Gangadhara and Abraham (2016a) in brinjal.

Moderate PCV and GCV values were also obtained both kharifand rabi seasons

for the characters like percentage of short styled flowers, inter cluster distance, calyx
length, total sugars and total phenols. These findings were in accordance with the

reports of and Ansari et al (2011), Kumar et al (20II), Kranthirekha (2011), Danquah
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and Orfori (2012), Karak et al. (2012), Kumar et ah (2012) and Danquah and Orfori

(2012), Kumar et al. (2011) and Gangadhara and Abraham (2016a) in brinjal.

5.1,2.2 Heritability and Genetic Advance

High heritability was noticed for almost all the characters under study both in

kharif and rabi seasons v/z., plant height, number of primary branches plant'^ days to

first flower, percentage of medium styled flowers, percentage of long styled flowers,

intra cluster distance, inter cluster distance, number of fruits plant"', length of fhiit,

girth of fhiit, fruit weight, days to first harvest, days to last harvest, fruit yield plant'',

SFB shoot damage, SFB fruit damage, calyx length, RLPS, RLSA, weight of infested

fhiits, total sugars and total phenols suggesting that the selection based on phenotypic

performance of these traits would be more effective. Moderate heritability was

observed for short styled flowers suggesting less inheritance of these traits.

High genetic advance as percentage of mean (GAM) was observed for the

characters like plant height, number of primary branches plant*', intra cluster distance,

inter cluster distance, number of fruits plant*', length of fruit, girth of fhiit, fruit weight,

fhiit yield plant"', SFB shoot damage, SFB fruit damage, calyx length, RLPS, RLSA,

weight of infested fhiits, total sugars and total phenols in both the seasons revealed

that, greater improvement in the population mean could be observed if selection was

carried out for next generation for these characters. The characters like days to first

flower, percentage of short styled flowers, days to first harvest, days to last harvest

showed moderate level of genetic advance as percentage of mean. Low genetic advance

as percentage of mean was observed for percentage of medium styled flowers and

percentage of long styled flowers.

High heritability coupled with high genetic advance as per cent of mean was

observed in kharif and rabi seasons for the characters like plant height, number of

primary branches plant"', intra cluster distance, inter cluster distance, number of fhiits

plant'', length of fruit, girth of fruit, fhiit weight, fruit yield plant"', SFB shoot damage.

96
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SFB fruit damage, calyx length, RLPS, RLSA, weight of infested fhiits, total sugars

and total phenols. It indicated that, these traits were under the strong influence of

additive gene action and hence simple selection based on phenotypic performance of

these traits would be more effective. Similar line of work was observed previously by

Dhankar et al. (1977), Doshi et al. (1999), Singh and Gopalakrishnan (1999), Sharma

and Swaroop, (2000), Patel et al (2004), Kushwah and Bandhyopadhya (2005), Singh

and Kumar, (2005), Kamani and Monpara (2007), Mishra et al, (2008), Sherly and

Shanthi, (2009), Prabhu et al (2009), Ansari et al (2011), Chattopadhyay et al (2011),

Kafytullah et al (2011), Kranthirekha (2011), Kumar et al (2012), Karak et al (2012),

Kumar and Arumugam (2013), Solaimanac/ al, (2015) and Gangadhara and Abraham

(2016a).

Moderate heritability and moderate GAM values were observed for percentage

of short styled flowers in both the seasons, recognizing considerable influence of

environment on the expression of these traits. High heritability with moderate genetic

advance was found for the characters days to first flower, days to first harvest, days to

last harvest while percentage of medium styled flowers and percentage of long styled

flowers had high heritability with low genetic advance in both kharif and rabi seasons.

Characters with high heritability with low genetic advance were controlled by non

additive gene action i.e. either dominant or epistatic gene action indicating that these

characters in brinjal could be exploited through development of hybrids. Similar resiolts

were reported by Sharma and Swaroop, (2000), Prabhu et al (2009), Tripathi et al

(2009), Kumar et al (2011), Karak et al (2012) and Yadav et al (2014) and

Gangadhara and Abraham (2016a).

5,1.3 Correlation Studies during Kharif and Rabi Season

Correlation between characters could be due to linkage or pleiotropy.

Correlation due to linkage can be manipulated or changed through recombination but

it could be impossible to overcome the correlation due to pleiotropy. In the latter case,

genetic improvement in one trait is not eventually possible without bringing a change
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in the associated component characters. Yield being a complex character, is governed

by a large number of genes. The influence of each character on yield could be known

through correlation studies with a view to determine the extent and nature of

relationships prevailing among yield and yield attributing characters. The present

investigation was carried out to study the association of different characters on yield

and yield attributing traits as well as shoot and fruit infestation by SFB in kharif and

rabi seasons both at phenotypic and genotypic levels.

5.1,3.1 The Phenotypic and Genotypic Correlation Coefficients in Kharif and Rabi

seasons

Fruit yield per plant showed significant positive correlation with fruits per

plant, fruit weight, girth of fhiit, plant height, number of primary branches plant,

percentage of medium styled flowers, length of fruits and percentage of long styled

flowers respectively in both seasons. It exhibited significant negative correlation with

weight of infested fruit, SFB fhiit infestation, SFB shoot infestation, percentage of

short styled flowers, calyx length, intra cluster distance and days to last harvest at

phenotypic and genotypic level in both seasons. The positive associations between

characters imply the possibility of correlated response to selection and it follows that

with the increase in one, will entail an increase in another and the negative correlation

preclude the simultaneous improvement of those traits along with each other. The same

line of work was reported in brinjal by Mishra and Mishra (1990), Vadivel and Bapu

(1990), Gautham and Srinivas (1992), Ushakumari and Subramanian (1993),

Ponnuswami and Irulappan (1994), Narendrakumar (1995), Varma (1995), Sharma and

Swaroop (2000), Patel and Samaik (2004), Pathania et al. (2005), Singh et al (2005),

Senapati and Senapati, (2006), Kushwah and Bandhyopadhya (2005), Bansal and

Mehta (2008), Lohakare et al. (2008), Prabhu and Natarajan (2008), Dharwad et al

(2009), Jadhao et a/.(2009). Chattopadhyay et al. (2011), Singh et al. (2011),

Kranthirekha (2011), Karak et al. (2012), Thangamani and Jansirani (2012),
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Kranthirekha and Celine (2013), Arunkumar et al. (2013) and Gangadhara and

Abraham (2016b).

Plant height showed significant positive correlation with number of primary

branches per plant, fiiaits per plant, fruit yield per plant and length of fhiit whereas

number of primary branches showed significant positive correlation with fruits per

plant and fhiit yield per plant at phenotypic and genotypic level in both the season. It

was quite evident that plant height increases the number of primary branches per plant

which leads to increase in the number of fruits and total yield per plant in brinjal. These

findings were in accordance with reports of Mishra and Mishra (1990), Ponnuswami

and Irulappan (1994), Vadivel and Bapu (1998), Singh et al (2005), Senapati and

Senapati, (2006), Bansal and Mehta (2008), Lohakare et al (2008), Prabhu and

Natarajan (2008), Dharwad et al (2009), Jadhao et al (2009), Nalini et al (2009),

Kafytullah et al (2011), Arunkumar et al (2013), Kranthirekha and Celine (2013) and

Gangadhara and Abraham (2016b) in brinjal.

Days to first flower showed significant positive correlation with days to first

harvest, days to last harvest and negative correlation with fruit yield per plant at

phenotypic and genotypic level in both kharif and rabi seasons. Negative correlation

for days to first flower with yield is preferable as it indicates earliness of the flowers

and fhiit set in brinjal. However, any selection aimed at earliness would be useful for

improving yield or yield associated characters. Percentage of medium styled flowers

and percentage of long styled flowers showed significant positive correlation whereas

percentage of short styled flowers shown negative correlation with fruit yield per plant.

In brinjal only medium and long styled flowers are productive and short styled flowers

are unproductive. Hence the positive correlation of medium and long styled flowers as

well as negative correlation of short styled flowers with yield per plant were preferable

in brinjal. These findings were similar with earlier works in brinjal by Vadivel and

Bapu (1990), Gautham and Srinivas (1992), Ponnuswami and Irulappan (1994),

Narendrakumar(1995), Varma (1995), Sharma and Swaroop (2000), Patel and Samaik
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(2004), Pathania et al. (2005), Singh et al. (2005), Senapati and Senapati, (2006),

Kushwah and Bandhyopadhya (2005), Bansal and Mehta (2008), Lohakare et al.

(2008), Prabhu and Natarajan (2008), Jadhao et a/.(2009). Chattopadhyay et al (2011),

Singh et al. (2011), Kranthirekha (2011), Karak et al. (2012), Thangamani and

Jansirani (2012), Kranthirekha and Celine (2013), Arunkumar et al. (2013) and

Gangadhara and Abraham (2016b).

Fruits per plant, fruit weight, girth of fruit and length of fruit had shown positive

correlation towards yield per plant in both the season! at phenotypic and genotypic

level. Mishra and Mishra (1990), Nainar et al. (1990), Ponnuswami and Irulappan

(1994), Varma (1995), Naliyadhara et al. (2007), Lohakare et al. (2008), Prabhu and

Natarajan (2008), Jadhao et al. (2009), Nalini et al. (2009), Islam and Uddin (2009),

Dahatonde et al. (2010), Muniappan et al. (2010), Kafytullah et al. (2011), Praneetha

et al (2011), and Danquah and Orofi (2012), Karak et al. (2012), Thangamani and

Jansirani (2012), Kranthirekha and Celine (2013), Arunkumar et al (2013) and

Gangadhara and Abraham (2016b) in brinjal have reported the same.

Days to first harvest and days to last harvest showed negative correlation with

fruit yield per plant at phenotypic and genotypic level in both the season. The same

results were reported by Lohakare et al (2008), Nalini et al (2009), Jadhao et al.

(2009), Thangamni and Jansirani (2012). Pathania et al 2005, (Solaimana et a/., 2015).

Karak et al (2012), Thangamani and Jansirani (2012), Arunkumar et al. (2013),

Kranthirekha and Celine (2013), and Gangadhara and Abraham (2016b) in brinjal.

SFB shoot infestation showed significant positive correlation with SFB fruit

infestation and total sugars in both seasons. It also showed significant negative

correlation with RI.PS, RLSA, calyx length and total phenols in kharif and rabi

seasons. SFB fruit infestation showed significant positive correlation with RLSA,

RLPS, total sugars, calyx length, intra cluster distance and inter cluster distance in both

seasons. It also showed significant negative correlation with total phenols and weight

of infested fhiits in both kharif and rabi seasons. In general varieties with high shoot

,soo
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infestation were showing high fruit infestation also. These results are highly supported

by Darekar et ai (1991), Patil and Ajri (1993), Hazra et al (2004), Prabhu et al. (2008),

Khorsheduzzaman et al. (2010), Kranthirekha (2011), Wagh et al. (2012), Payal et

a/.(2015) and Imtiaz et al (2015) in brinjal.

Calyx is the most important morphological component which has strong

positive association with shoot and fruit borer in both seasons. The genotypes which

had more distance within the fhiit clusters and between the two fruit clusters shows

positive correlation towards fruit infestation. The long and loose calyx with lobed shape

were highly prone to fruit borer attack. Long calyx in the highly susceptible genotypes

might help the young borer to hide and get easily into the fruit through the soft tissue

below the calyx. The present findings were in the conformity with studies in brinjal by

Patil and Ajri (1993), Hazra et al. (2004), Prabhu et al (2008), Kranthirekha (2011),

Wagh et al (2012), Payal et al (2015), Imtiaz et al (2015), Niranjana et al. (2015) and

Nirmala and Irene (2016).

RLSA and RLPS showed positive correlation with fruit borer infestation in

both kahrif and rabi seasons. Compact arrangement of seeds in closely placed rings,

imparts resistance in brinjal against the borer. Long peripheral seed ring forms a sort

of mechanical barrier against easy entry ofthe borer, L orbonalis. Similar observations

in brinjal have also been made by Panda et al. (1971), Gupta and Kauntey (2008) and

Kranthirekha (2011).

The biochemical defense mechanism would certainly be helpful in selection of

plants as source of resistance. Many biochemical factors are known to be associated

with insect resistance in crop plants. The scientific results clearly showed that the

presence of biochemical constituents acted as stimulants of resistance mechanism

towards shoot and fruit borer. It is obvious in many cases the biochemical factors are

more important than morphological and physiological factors in conferring non

preference and antibiosis (Prabhu et al, 2008).

do
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Total phenol content had negative correlation with shoot and fruit borer in

both seasons. Higher phenol content present in the plant shoot as well as fruits indicates

the tolerance to the pest. The phenols are oxidized by polyphenol oxidases to produce

the toxic quinines, protective melanin pigments and other oxidation products (Hung

and Rohde, 1973) which might have imparted tolerance through discouraging feeding

of the insects. Negative association between fruit infestation and total phenols was

observed in the present study and was previously studied by Doshi et al. (1998), Doshi

(2004), Hazra et al. (2004), Asati et al. (2004), Chandrasekhar et al. (2008), Prabhu et

al, 2008) and Shinde et al. (2009), Kranthirekha (2011), Prasad et al. (2014), Imtiaz et

al (2015) and Nirmala and Irene (2016) in brinjal.

Total sugar content showed strong association with shoot and fruit borer

infestation in kharif and rabi seasons. Sugar is considered one of the vital nutrients in

plants might act as phago stimulants to SFB feeding on eggplant. Earlier works by

Panda and Das, (1975), Praneetha (2002), Hazra et al. (2004), Asati et al. (2004),

Chandrasekhar et al. (2008), Prabhu et al. (2008), Elanchezhyan et al. (2009),

Kranthirekha (2011), Prasad et al. (2014), Imtiaz et al (2015) and Nirmala and Irene

(2016) had also reported that concentration of feeding stimulants like sugars and

protein in the fruits will lead to susceptibility to fruit infestation by the shoot and fruit

borer.

It is suggested that the eggplant genotypes with seediness with low amount of

sugars and high amounts of phenols may be used in hybridization program to develop

cultivars with resistance to shoot and fruit borer {Leucinodes orbonalis). Both

bitterness and discolouration in the fruits increase with increasing total phenols, which

however, impose restriction in increasing maximum phenol content as the approach of

resistance breeding. So it is essential to strike proper balance to breed a genotype with

fruit quality coupled with resistance attribute. Similar studies was reported in eggplant

by Hazra et al. (2004), Elanchezhyan et al. (2009) and Kranthirekha. (2011) and

Nirmala and Irene (2016)

8 ̂5.
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5.1.4 Direct and Indirect Effects in Kharif and Rabi Season

The path analysis unravels whether the association of the component

characters with yield is due to their direct effect on yield, or is a consequence of their

indirect effect via some other trait(s). Thus path analysis helps in partitioning the

genotypic correlation coefficient into direct and indirect effects of the component

characters on the yield on the basis of which improvement programme can be devised

effectively. If the correlation between yield and any of its components is due to the

direct effect, it reflects a true relation between them and selection can be practiced for

such a character in order to improve yield. But if the correlation is mainly due to

indirect effect of the character through another component trait, the breeder has to

select the latter trait through which the indirect effect is exerted.

Path coefficient analysis was based on correlation coefficients using fhiit yield

planf'as the dependent factor (effect) to fix other quantitative characters viz., plant

height, number of primary branches plant'', days to first flower, percentage of medium

styled flowers, percentage of long styled flowers, number of fruits plant"', length of

fruit, girth of fruit, fruit weight, days to first harvest. In the present study, genotypic

path coefficient were worked out during kharif and rabi seasons is discussed below.

Characters like number of fhiits plant"', fhiit weight, percentage of long styled

flowers, percentage of medium styled flowers and plant height showed positive direct

effect as well as significant positive correlation with fruit yield per plant in both

seasons. Selection based on these characters would be highly effective. These findings

were agree with earlier reports in brinjal by Gautham and Srinivas (1992), Ushakumari

and Subramanian (1993), Ponnuswami and Irulappan (1994), Narendrakumar (1995),

Varma (1995), Sharma and Swaroop (2000), Pate! and Samaik (2004), Pathania et al

(2005), Singh et al. (2005), Kushwah and Bandhyopadhya (2005), Senapati and

Senapati, (2006), Bansai and Mehta (2008), Lohakare et al (2008), Prabhu and

Natarajan (2008), Dharwad et al. (2009), Jadhao et a/.(2009), Mohanty (2009),

Muniappan et al (2010), Dahatonde et al (2010), Chattopadhyay et al (2011), Singh
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et al. (2011), Kranlhirekha (2011), Karak et al. (2012), Than gam an i and Jansirani

(2012), Kranlhirekha and Celine (2013), Anmkumar et al. (2013) and Gangadhara and

Abraham (2016b).

Though days to days to first harvest and fruit weight imparted positive direct

effect on fruit yield per plant in both seasons, negative correlation coefficient with fruit

yield per plant indicated that the negative indirect effects are the cause of manifestation

of the correlation. The same line of findings was given in brinjal by Senapati and

Senapati, (2006), Bansal and Mehta (2008), Lohakare et al. (2008), Prabhu and

Natarajan (2008), Jadhao et fl/.(2009), Mohanty (2009), Nalini et al. (2009),

Muniappan et al (2010), Dahatonde et al. (2010), Chattopadhyay et al (2011), Karak

et al (2012), Thangamani and Jansirani (2012), Kranthirekha and Celine (2013),

Anmkumar et al. (2013) and Gangadhara and Abraham (2016b).

Length of fhiit, girth of fruit and number of primary branches plant' had

significantly positive correlation with fruit yield per plant in kharif and rabi seasons

but had negative direct effect on fruit yield per plant and fruit weight respectively. It

indicates the high indirect effect through number of fhiits per plant and fhiit weight

respectively as the main cause for such a correlation coefficient. This was in line with

the findings of Bansal and Mehta (2008), Lohakare etal (2008), Prabhu and Natarajan

(2008), Dharwad et al. (2009), Jadhao et (3/.(2009), Mohanty (2009), Muniappan et al.

(2010), Dahatonde et al. (2010), Chattopadhyay et al (2011), Singh et al. (2011),

Kranthirekha (2011), Karak et al (2012), Thangamani and Jansirani (2012),

Kranthirekha and Celine (2013), Anmkumar et al. (2013) and Gangadhara and

Abraham (2016b) in brinjal.

Therefore, number of fruits plant'', fruit weight, percentage of long styled

flowers, percentage of medium styled flowers and plant height, length of fruit, girth of

fruit number of primary branches plant"' was identified as major characters contributing

towards yield directly and indirectly. Hence selection based on these characters would

be effective in developing high yielding brinjal varieties.

So U
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Discriminant function analysis developed by Fisher (1936) gives information

on the proportionate weightage to be given to a yield component. Thus, selection index

was formulated to increase the efficiency of selection by taking into account the

important characters contributing to yield. Further Hazel (1943) suggested that

selection based on suitable index was more efficient than individual selection for the

characters.

Plant height, number of primary branches, number of fruits plant'', girth of

fruit and fhiit weight together with fhiit yield plant"' were used for constructing

selection index.

Based on the selection index values, out of sixty genotypes studied, top five

ranks were given to the genotypes namely SM 36 (4714.73 and 4724.25), SM 2

(4554.09 and 4676.91), SM 9 (4417.26 and 4471.43), SM 14 (4330.44 and 4313.06)

and SM 21 (4207.61 and 4255.83) respectively in both kharif and rabi seasons and

were identified as superior ones in terms of fruit yield. The similar results were reported

in brinjal by Vadivel and Bapu (1991), Chattopadyay et al (2011), Kranthirekha (2011)

and Bashar et al. (2015). The genotypes namely SM 36 (IC-433678), SM 2 (IC-

345271), SM 9 (Raidurga Local), SM 14(Jagalur Local) and SM2i (Tiptur local) have

shown high yield in both kharif and rabi seasons. These five high yielding genotypes

were selected as a female parents for hybridization programme in the second

experiment.

5.1.6 Screening for Shoot and fruit borer Resistance/Tolerance in Kharif and

Rabi seasons

Brinjal shoot and fruit borer (Lucinodes orbonalis Guenee) reduces the yield

and inflicts colossal loss in brinjal production. The losses caused by pest vary from

season to season because moderate temperature and high humidity favour the

population build-up of brinjal shoot and fruit borer (Shukla and Khatri, 2010),
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(Bhushan et al., 2011). The yield loss caused by this pest has been estimated up to 60-

70% (Singh and Nath, 2010) and up to 100% if no control measures are applied

(Rahman, 2007).

In the present study, sixty genotypes of brinjal were screened for shoot and fruit

borer based on percentage of shoot and fruit infestation by SFB at lOdays intervals

from 30days after transplanting to final harvest. The rating of each genotypes was also

given based on the percentage of shoot and fruit infestation scale given by Tewari and

Krishnamoorthy (1985).

5.7.6.7 Screening ofShoot Infestation Percentage by SFB during Kharif and Rabi

Seasons

SFB shoot infestation was screened based on the shoot infestation percentage

from 30 to 90 days after transplanting at 10 days interval and rating was also given for

sixty individual genotypes. Genotype SMI (lC-89986) and SM 60 (Pusa Purple

Cluster) were highly resistant, SM 59 (Vellayani Local) was moderately resistant to

SFB. Genotype SM 33, SM 43, SM 46, SM 49, SM 52 and SM 53 showed tolerance to

SFB. The following genotypes namely SM 2, SM 3, SM 4, SM 5, SM 7, SM 8,SM

9, SM 10,SM 11, SM 12,SM 13,SM 14, SM 15,SM 16,SM 17, SM 18, SM 19. SM 20,

SM 21, SM 22, SM 23, SM 24, SM 26, SM 28, SM 29, SM 30, SM 31, SM 32, SM 34,

SM 35, SM 36,SM 37, SM 38, SM 39, SM 40, SM 41, SM 42, SM 44, SM 45, SM 48,

SM 50, SM 55 and SM 58 exhibited susceptibility while SM 6, SM 25, SM 27, SM

47, SM 51, SM 54, SM 56 and SM 57 showed highly susceptible to shoot and fruit

borer in both kharif and rabi seasons. Similar kind of results were reported in the same

crop by Panda et al. (1971), Dhankar et al. (1977), Kumar and Shukla (2002), Jat et al.

(2003), Senapati (2003), Hazra et al. (2004), Yadav and Sharma (2005), Elanchezyan

et al. (2008), Patial et al. (2008), Javed et al. (2011), Kranthirekha (2011), Shinde et

a/.(2012), Wagh et al. (2012), Kumar et cr/.(2013), Kumar and Arumugam (2013,

Bhumitra et al. (2014), Kumar and Raghuraman (2014) and Nirmala and Irene. (2016).

tioG
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5A.6.2 Screening of Fruit Infestation Percentage by SFB during Kharif and Rabi

seasons

SFB fruit infestation was screened based on the fruit infestation percentage

from 60 to 100 days after transplanting at 10 days interval and rating was also given

for sixty individual genotypes. Genotype SMI (IC-89986) and SM 60 (Pusa Purple

Cluster) were highly resistant while genotype SM 59 (Vellayani Local) shown

moderately resistant to SFB. Genotypes SM 45, SM 46, SM 47, SM 48, SM 50, SM

53, SM 55 and SM 56 were showed tolerance to SFB. The following genotypes namely

SM 2, SM 3, SM 4, SM 5, SM 6, SM 7, SM 9, SM 10, SM 13,SM 14, SM 15, SM 17,

SM 18, SM 19, SM 20, SM 21, SM 22, SM 23, SM 26, SM 29, SM 30, SM 31, SM

33, SM 36, SM 42, SM 43, SM 44, SM 49, SM 51, SM 52 and SM 54 showed

susceptible while SM 8, SM 11, SM 12, SM 16, SM 24, SM 25, SM 27, SM 28, SM

32, SM 34, SM 35, SM 37, SM 38, SM 39, SM 57 and SM 58 exhibited highly

susceptible to shoot and fruit borer in both the seasons. The similar results were

reported by Panda et ai (1971), Dhankar et al (1977), Kumar and Shukla (2002). Jat

et al. (2003), Senapati (2003), Hazra et al. (2004), Yadav and Sharma (2005),

Elanchezyan et al. (2008), Patial et al. (2008), Javed et al. (2011), Kranthirekha (2011),

Shinde et al. (2012), Wagh et al. (2012), Kiunar et a/.(2013), Kumar and Arumugam

(2013, Bhumita et al. (2014), Kumar and Raghuraman (2014) and Nirmala and Irene

(2016) in brinjal.

Out of the sixty genotypes screened against shoot and fruit borer, none emerged

as immune to the pest. The genotypes namely SMI (IC-89986), SM 60 (Pusa Purple

Cluster) were shown highly resistant and genotype SM 59 (Vellayani Local) showed

moderately resistance to both shoot as well as fruit infestation by SFB in kharif and

rabi seasons. These three tolerant genotypes were selected as male parents for

hybridization programme in the second experiment.

Sol-



Zifi-t

5.2 EXPERIMENT 11: LINE X TESTER ANALYSIS

5.2.1 Analysis of Variance for the Experimental Design

The analysis of variance for experimental design revealed highly significant

differences among genotypes for all the characters. This indicated that considerable

amount of genetic variation is present in the materials for all the traits. The significant

mean squares due to parents as well as hybrids depicted presence of adequate

variability in them for all the characters. The higher magnitude of mean squares of

parents as compared to hybrids indicated that the parents are more variable as compared

to hybrids. Comparison of mean squares due to parents vs. hybrids was found to be

significant for most of the characters except for long styled flowers. This indicated that

average performance of hybrids may significantly differ for these traits depending upon

the genetic makeup of the constituent parents.

5.2.2 Heterosis

Plant breeding can be divided into three stages; creation of a gene pool of

variable germplasm, selection of superior individuals from the gene pool and utilization

of the selected individuals directly for commercial cultivation or in hybridization to

create a superior variety. The improvement in yield, which is considered as a fmal

product in almost all the crop plants is usually obtained by screening and selecting the

suitable genes from a huge collection of germplasm and accumulating them in a

productive genotype for commercial cultivation. Hence, the chief aim in any plant

breeding programme is to develop high yielding varieties. To fulfill this, the breeding

programme can efficiently be planned with prior knowledge of the genetic makeup of

complex quantitative characters like yield and its attributes. It is, therefore, necessary

to examine the nature of the crop and the genetic architecture of various quantitative

characters in relation to breeding behaviour of the crop.

The genetic yield potential of varieties and hybrids can be improved by using

suitable parents in hybridization. The information regarding extent of heterosis and
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combining ability for various characters is of great value in handling the breeding

materials. Development of hybrids necessitates the incorporation of good parents in

their genetic makeup. Sometimes high yielding parents may not produce superior

hybrids. Thus, the identification of specific parental combination capable to produce

the desired level of heterotic effect by their F i is also important in improvement of

yield potential. The knowledge of combining ability provides a useful clue for selection

of desirable parents for the development of better hybrids. Information regarding gene

action is also very essential for developing superior genotype.

In the present investigation heterosis and combining ability effects were studied

for thirteen traits to identify and develop high yielding hybrids.

5,2.2.1 Growth Parameters

Heterosis for growth parameters is an indication of heterosis for yield because

growth and yield parameters are strongly associated. The ideal plant type should be tall

with high number of branches. These are the major parameter which acts as source trait

to support yield and its component traits. For this trait hybrids (126.33cm) showed high

mean value over standard check (116.79 cm). The data on heterosis also showed that

the hybrids in general were taller. Out of fifteen crosses, three showed significantly

positive standard heterosis for plant height. This suggested the importance of dominant

gene action. The cross Lj XT2 showed highest standard heterosis for this character.

Similar findings have also been reported by earlier workers, Singh et al. (1978b),

Rajput et al (1984), Kaur (1998), Bulgundi (2000), Indiresh and Kulkami (2002),

Suneetha et al (2008), Shanmugapriya et al. (2009), Sao and Mehta (2010), Makani

(2013), Ajjappalavara et al (2013), Reddy and Patel (2014), Rajasekhar (2014) and

Sivakumar (2015) inbrinjal.

Number of primary branches per plant is one of the major parameter

contributing for total fhiit yield per plant. The mean value of hybrids (8.13) was lesser

than parents (9.11) but higher than the standard check Haritha (7.73). But out of the

^0^
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fifteen crosses, none showed significant positive standard heterosis for the trait but

positive non significant heterosis was observed in two crosses indicating predominance

ofnon-additivity. The cross Ls x T3 (5.17%) showed highest standard heterosis for this

character followed by L2 x T3 (4.31%). These results were in conformation with the

results of earlier workers in brinjal viz. Patil (1998), Bulgundi (2000), Mallikaijun

(2002), Prabhu et al. (2005), Shafeeq (2005), Ajjappalavara (2006), Shafeeq et al.

(2007), Murthy et al. (2011), Nalini et al. (2011), Reddy and Patel (2014), Rajasekhar

(2014) and Sivakumar (2015).

5.2.2,2 Yield and its Components

Yield components greatly influence the yield and expression of heterosis for

number of long, medium and short styled flowers, days to fist flower, number of fruits

per plant, fruit length, fruit girth, fruit weight, days to first harvest and days to last

harvest can greatly contribute for total fruit yield per plant. For all these traits, positive

heterosis is desirable except short styled flowers.

The mean value of number of long styled flowers of parents (60.67%) and of

crosses (66.43%) was higher than standard check (40.77%) involved in the study. It

was revealed that crosses had high number of long styled flowers than parents and

standard check. Majority of crosses exhibited positive significant standard heterosis

suggesting the importance of dominant gene action. More number of long styled

flowers among crosses was evident from the recorded positive significant heterosis in

all crosses. The cross L5 x T3 showed maximum positive and significant heterosis of

37.16 per cent over the standard check. In case of medium styled flowers none of the

crosses recorded higher values than standard check. Similar findings in brinjal was

reported by Suneetha and Kathiria (2006), Chowdhury et al. (2010), Nalini et al.

(2011), Makani (2013), Reddy and Patel (2014) and Rajasekhar (2014) and Sivakumar

(2015).

5/0
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With respect to number short styled flowers lower values were preferred as

these are unproductive. The mean value of parents (3.61%) was lower than that

recorded for the crosses (6.70%). The data showed that the mean values of parents and

crosses for number of short styled flowers were lower than the standard check (10.47).

Out of fifteen crosses, three exhibited negative and significant heterosis over the

standard check. The data suggests that dominant gene action had its influence on

number of short styled flowers. The cross L2 x T3 (-35.99 %) showed maximum

negative and significant heterosis over the standard check. Similar findings have also

been reported in brinjal by Suneetha and Kathiria (2006), Chowdhuiy et al (2010),

Nalini et al (2011), Makani (2013), Reddy and Patel (2014), Rajasekhar (2014) and

Sivakumar (2015).

Early flowering is generally an indication of early yield and also early hybrids

fit well in multiple cropping systems. For these traits, negative heterosis is considered

to be desirable. The mean value of parents (35) and crosses (40.33) were very less than

the mean value over standard check (45.06). All the crosses exhibited significant

negative (desirable) heterosis over the standard check. This indicates the predominant

non -additive gene action. Similar results were also reported by Patil (1998), Bulgundi

(2000), Kaur et al (2001), Singh and Maurya (2005), Chowdhury et al (2010), Nalini

et al (2011), Reddy and Patel (2014) and Rajasekhar (2014) in brinjal.

Similarly, the mean value of parents (54.13) and hybrids (55.83) for days to

first harvest showed less mean value over standard check (68.19), as many as twelve

crosses exhibited significant negative standard heterosis for days to first harvest.

Maximum negative heterosis over the commercial check (-18.12 %) was exhibited by

the cross L2 x T3 which indicate the early fhiiling habit in brinjal. The character days

to last harvest indirectly measures the duration of the crop. The mean value of crosses

(125.33) was less than parents (139.83) and standard check (171.33). All the crosses

exhibited significant negative heterosis over the standard check which indicates

earliness of the hybrids. The results were in conformation with those of earlier workers

§



Viz., Chadha et aL (1990), Patil (1998), Kaur (1998), Bulgimdi (2000), Kaur et al

(2001), Patel (2003), Suneetha and Kathiria (2006), Chowdhury et al. (2010), Nalini et

al (2011), Makani (2013), Reddy and Patel (2014) and Rajasekhar (2014) and

Sivakumar (2015) in eggplant.

Fruit length in brinjal is an important parameter of fruit deciding consumer

preference. The hybrid (Li x T2) mean for fruit length (21.23 cm) was higher to both

parents (14.73 cm) and standard check (14.90 cm) but lower than one parent (T2) with

mean of22.43cm. Based on consumer preference positive heterosis of long fruit length

and negative for shorter ones are preferred. Therefore, the crosses showing high

negative heterosis were Li x T2 and Lj x T3. The crosses showing high positive

heterosis were L2 x T2, L2 x T3 and L5 x T2. For fruit length nine hybrids exhibited

negative and six hybrids exhibited positive heterosis over the standard check. These

were in conformity with the studies of Bhutani et al. (1980), Ram et al (1981), Patel

(1984), Rajput et al (1984), Dixit and Gautam (1987), Prakash et al (1993), Mankar

et al (1995), Indiresh and Kulkami (2002), Mallikaijun (2002), Shafeeq (2005), Singh

and Maurya (2005), Rameshkumar et al (2012), Bhushan et al (2013), Reddy and Patel

(2014), Rajasekhar (2014) and Sivakumar (2015) in brinjal.

Girth of fruit in brinjal is another important character as that of fruit length. The

mean fmt diameter of crosses (21.33 cm) had higher mean performance than the

standard check (11.79 cm) but lower than parental mean (23.37cm). Cross L5 x Ti

showed positive and significant heterosis of 81.00 per cent over the standard check.

Majority ofthe crosses showed positive heterosis over standard check. The same results

were suggested in brinjal by earlier workers, Chadha and Sidhu (1982), Ingale and Patil

(1996), Kaur (1998), Bulgundi (2000), Mallikarjun (2002), Indiresh and Kulkami

(2002), Singh and Maurya (2005), Nalini et al (2011), Rameshkumar et al (2012),

Ajjappalavarae/fl/. (2013), Bhushan era/. (2013), Reddy and Patel (2014), Rajasekhar

(2014) and Sivakumar (2015).
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Total yield per plant is dependent mainly on the number of fruits per plant and

average fruit weight. Number of fruits per plant was influenced by the size of the fhiit

that is fhiit length and fhiit girth. Fruit weight is one of the component characters

directly influencing the fruit yield. In the present study, average fruit weight of crosses

(186.53 g) was superior to the standard check (124.93) g but lower than parents (198.0

g). The cross L5 x Ti showed positive and significant heterosis of 49.31 per cent over

the standard check. Out of 15 crosses, ten exhibited significant standard heterosis in

positive direction. Similar views in eggplant were put forth by Peter and Singh (1974),

Patel (1984), Sawant et al. (1991), Kaur (1998), Kumar et ai, (1999), Indiresh and

Kulkami (2002), Shafeeq (2005), Prabhu et al. (2005), Kamal et al. (2006), Sao and

Mehta (2010), Nalini et al. (2011), Reddy and Patel (2014), Rajasekhar (2014) and

Sivakumar (2015).

Increased number of fruits per plant is commercially important trait to gain high

market value through high productivity. The average per se value of crosses (43.73)

was higher than the standard check (34.67) and parents (40.17).0ut of 15 crosses, three

exhibited positive and significant heterosis over the standard check. The cross L5 x T3

showed maximum positive heterosis of 26.13 per cent over the commercial check

followed by L2 x Ti (22.67%). Similar findings for number of fruits per plant over

standard heterosis were also reported in brinjal by Singh et al. (1978b), Vijay et al,

Dharmegowda et al (1979), Bhutani et al (1980), Rajput et al (1984), Kaur (1998),

Kumar et al (1999), Mallikaijtm (2002), Indiresh and Kulkami (2002), Shafeeq

(2005), Singh and Maurya (2005), Abhinav andNandan (2010), Kamal e/a/. (2006),

Shanmugapriya et al (2009), Abhinav and Nandan (2010), Nalini et al (2011),

Makani (2013). Reddy and Patel (2014), Rajasekhar (2014) and Sivakumar (2015).

Fruit yield per plant is the ultimate and most important trait. However, yield of

a crop cannot be taken as a single entry since it is associated with many yield attributing

characters. In brinjal, heterosis in yield per plant was positively associated with the

heterosis in number of marketable fî ts per plant (Singh and Nandpuri, 1974). In some



IC-345271 X IC-89986 IC-345271 X Vellayani Local

IC-345271 X Pusa Purple Cluster

Plate: 10. Variations of fruit colour in three Fi hybrids involving
IC-345271 as female parent



IC-433678 X IC-89986 IC-433678 X VeUayani Local

IC-433678 X Pusa Purple
Cluster

Plate: 11. Variations of fruit colour in three Fi hybrids involving
IC-433678 as female parent
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Jagaluru Local X IC-89986 Jagalur Local X Vellayani
Local

Jagaluru Local X Pusa Purple
Cluster

Plate: 12. Variations of fruit colour in three Fi hybrids involving
Jagaluru Local as female parent



Tiptur Local X IC-89986 Tiptur Local X Veilayani
Local

Tiptur Local X Pusa Purple
Cluster

Plate; 13. Variations of fruit colour in three Fi hybrids involving
Tiptur Local as female parent
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Raidurg Local XIC-89986

Raidurg Local X Pusa Purple
Cluster

Raidurg Local X Vellayanl
Local

Plate: 14. Variations of fruit colour in three Fi hybrids involving
Raidurg Local as female parent
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cases it associated with number of branches per plant, plant height and fruit weight

(Chadha and Sidhu, 1982).

For fruit yield per plant the overall mean of crosses was higher than the parental

mean. However, the highest mean value which was shown by the hybrid Ls x T3 (4.49

kg / plant) followed by La x Ti (4.42 kg / plant) and La x T3 (4.42 kg / plant). Among

fifteen crosses, L5 x T3 (25.30%), La x T3 (23.26%), La x Ti (23.35%), Li x T3 (9.77%)

and L4 x T3 (7.44%) exhibited significant and positive heterosis over the standard check

for fhiit yield per plant. These results were in conformation of the results of earlier

workers in brinjal by Singh et al. (1978b), Rajput et al (1984), Chadha et al (1990),

Bulgundi (2000), Kaur et al. (2001), Bavage (2002), Indiresh and Kulkami (2002),

Prabhu et al (2005), Shafeeq (2005), Prakash et al (2008), Suneetha et al (2008),

Timmapur et al (2008), Chowdhury et al (2010), Nalini et al. (2011), Murthy et al

(2011), Abhinav and Mehta (2011), Rameshkumar et al (2012), Bhushan and Singh

(2013), Reddy and Patel (2014), Rajasekhar (2014) and Sivakumar (2015).

5.2.3 Combining Ability

The combining ability concept was proposed by Sprague and Tatum (1942) in

com. According to them, the general combining ability {gca) is the mean performance

of all the crosses involving a parent from over all mean. Specific combining ability

{sea) was defmed as the deviation in the performance of specific cross from the

performance of expected on the basis of the general combining ability effects of parents

involved in the crosses.

The combining ability analysis gives an indication of the variance due to sea

and gca, which represents a relative measure of non -additive and additive gene act

ions, respectively. It is an established fact that the dominance is a component of non -

additive genetic variance. Breeders use these variance components to infer the gene

action and assess the genetic potentialities of the parents in hybrid combination.



5.2.3.1 Analysis of Variance for Combining Ability and Gene Action

The analysis of variance for combining ability indicated that the mean squares

due to general combining ability and specific combining ability were significant.

Nature of gene action as measured by GCA and SCA variances is particularly

useful in deciding the inheritance of character and thereby selection of a suitable

breeding programme. Greater GCA variance for a character indicates the predominance

of additive gene action and if SCA variance is greater, non-additive gene action plays

an important role in controlling that trait. Simple selection is enough for a character

controlled by additive gene action as it as fixable, but if non-additive gene action is

predominant for a character, which is non-fixable, heterosis breeding may be rewarding

or selection has to be postponed to later generations.

The variance due to SCA was higher in magnitude than GCA for all the traits

except for days to first flower, fruit length, fhiit girth, days to first harvest and days to

last harvest supports the predominance of non-additive gene effects in governing the

expression of all these characters. The preponderance of non-additive gene action,

suggested that there is scope of heterosis breeding for the improvement of these

characters. The similar results were reported in brinjal by Chowdhury et al (2010),

Nalini et al. (2011), Sane et al (2011), Pachiyappan et al (2012), Makani (2013),

Rajasekhar (2014), Sivakumar (2015).

5.2.3.2 General and Specific Combining Ability Effects (gca and sea Effects)

For exploitation of heterosis, the information on gca should be supplemented

with sea and hybrid performance. Heterosis in Fi indicates operation of non-additive

gene effects, but it cannot give any idea about the relative magnitude of non-additive

(dominance + epistasis) and additive gene action. Hence, analysis of combining ability

is one of the potential tools for identifying prospective parents to develop commercial

Fihybrids (Griffing, 1956).
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General and specific combining ability effects and variances obtained from a

set of Fi's would enable a breeder to select desirable parents and crosses for each of

the quantitative components. General combining ability effects of parents and sea

effects of crosses were highly significant for the characters studied. From the present

investigation, it was evident that gca or sea effects in parents or crosses were in

desirable direction for some characters and in imdesirable direction for some other

traits. Therefore it is important to ascertain the status of parent or hybrid with respect

to combining ability effects over a number of component characters (Arunachalam and

Bandopadhay, 1979).

Among the female parental lines Ls (Raidurg Local) and Li (IC- 433678) were

good general combiners for all character studied viz.. length of fruit, number of fruits

per plant, long styled flowers, days to first flower and plant height, days to first harvest

and days to last harvest. The female parental line L4 (Tiptur Local) was an average

combiner for days to first flower, girth of fhiit, fruit weight and fhiit yield per plant but

Li (IC- 345271) was poor combiner for all characters. Among the testers, T3 (Pusa

Purple Cluster) was good general combiner for number of fiihts per plant, long styled

flowers, days to first flower and number of primary branches per plant, days to first

harvest and last harvest whereas Ti (IC-89986) and T2 (Vellayani Local) were poor

combiners. Therefore, the above parents could be considered as a good source of

favourable genes for increasing fruit yield along with other yield attributes. Similar

results were reported in brinjal by Varshney et al (1999), Bulgundi (2000), Singh and

Singh (2004), Vadodaria et al. Shafeeq (2005), Kamalakkannan et al (2007), (2009),

Abhinav and Nandan (2010), Sao and Mehta (2010), Rai and Asati (2011), Nalini et

al (2011), Pachiyappan et al (2012), Al-Hubaity and Teli (2013), Rajasekhar (2014),

Sivakumar (2015).

It was evident from these results that high gca effects for fruit yield per plant in

the genotypes Lg (Raidurg Local), L2 (IC- 433678), L4 (Tiptur Local) and T3 (Pusa

Purple Cluster) were mainly due to important yield contributing characters mentioned



2irr

above. Therefore, it would be worthwhile to use the above parental lines in the

hybridization programme for improvement of brinjal. The potentiality of a parent in

hybridization may be assessed by its per se performance and gca effects. The results

revealed that most of the characters had relatively high degree of correspondence

betweenper se performance and gca effects. This could be ascribed to the predominant

role of additive and additive x additive type of gene action for the inheritance of these

traits.

The estimates of specific combining ability effects revealed that cross

combinations Li x T3 (IC-345271 X Pusa Purple Cluster), L2 x Ti (IC-433678 X IC-

89986), L3 x T2 (Jagaluru Local X Vellayani Local) and L4 x T2 (Tiptur Local X

Vellayani Local) exhibited significant and positive sea effects for fhiit yield per plant.

The cross combination L2 x Ti (IC-433678 X IC-89986) had highest sea effects for

fruit yield (1.35), which also recorded significant sea effects in desired direction for

number of fruits per plant, long styled flowers and number of primary branches per

plant. In another hybrid L4 x T2 (Tiptur Local X Vellayani Local) also manifested

significant sea effects for plant height, number of fruits per plant, days to first flower,

length of fruit and fhiit yield per plant in desired direction. The cross L5 x T3 (Raidurg

Local X Pusa Purple Cluster) exhibited high significant sea effects for number of fimits

per plant, number of primary branches per plant and days to first harvest. Similar

finding have also been reported in brinjal by Shinde and Patil (1984), Mishra and

Mishra (1990b), Varshney et al. (1999), Bulgundi (2000), Mallikaijun (2002), Aswani

and Khandelwal (2005), Singh and Singh (2004), Vadodaria et al. (2004), Shafeeq

(2005), Bisht et al. (2006), Kamalakkannan et al. (2007), Suneetha et al. (2008,

Abhinav and Nandan (2010), Sao and Mehta (2010), Rai and Asati (2011), Nalini et

al. (2011), Sane et al. (2011), Pachiyappan et al (2012), AI-Hubaity and Teli (2013),

Rajasekhar (2014), Sivakumar(2015).

Earliness is an important trait in vegetables like brinjal. Earliness is required in

such crops for realizing the potential economic yield in as less time as possible to catch
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early market. The crosses that exhibited significant sea effects for earliness like days

to first flower and days to first harvest were Li x T3 (IC-345271 X Pusa Purple Cluster),

L2 X Ti (IC-433678 XIC-89986), L3 x T2 (Jagaluru Local X Vellayani Local) and L4 x

T2 (Tiptur Local X Vellayani Local) L3 x T3 (Jagaluru Local X Pusa Purple Cluster)

and Ls x T3 (Raidurg Local X Pusa Purple Cluster). In earlier studies, Sawant et al.

(1991), Bulgundi (2000), Chaudhary and Pathania (2000), Singh and Singh (2004),

Vadodaria et al. (2004), Suneetha (2008), Shanmugapriya et al. (2009), Chowdhury et

al. (2010), Nalini et al. (2011), Sane et al. (2011), Pachiyappan et al (2012), Al-

Hubaity and Teli (2013), Makani (2013), Rajasekhar (2014), Sivakumar (2015) also

found similar results in brinjal.

If a cross combination exhibited high sea effects as well as per se performance

having at least one parent as good general combiner for a particular trait, it is expected

that such cross combinations would throw desirable transgressive segregants in later

generations. Significant sea effects of those combinations involving good x good

combiners showed the major role of additive type of gene effects, which is fixable.

However, two good general combiners may not necessarily throw good segregants.

Similarly, in the case of superior crosses involving both the poor x poor general

combiners, very little gain is expected from such crosses because high sea effects may

dissipate with the progress towards homozygosity.

In the present study, top three crosses L2 x Ti (IC-433678 X IC-89986), L4 x T2

(Tiptur Local X Vellayani Local) and Ls x T3 (Raidurg Local X Pusa Purple Cluster)

which exhibited high sea effects for yield per plant involved at least one good general

combiners. The two crosses L3 x T2 (Jagaluru Local X Vellayani Local) and Li x T3

(IC-345271 X Pusa Purple Cluster) had high sea effects for yield per plant in which

poor x poor (L3 x T2) and poor x good (Li x T3) general combiners was involved which

clearly indicated that, the parental contribution to the heterosis is mainly through non-

additive gene effects. Hence, exploitation of heterosis appeared to be an appropriate

strategy for improvement in brinjal. These crosses could also be improved through

:? )5
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recurrent selection schemes. These results were in accordance with the findings of

Bulgundi (2000), Chaudhary and Pathania (2000), Singh and Singh (2004),

Shanmugapriya et al (2009), Chowdhury et al (2010), Nalini et al (2011), Sane ei al

(2011), Pachiyappan et al (2012), Makani (2013), Rajasekhar (2014), Sivakumar

(2015) in brinjal.

Thus, the ideal crosses would be the one, which have good per se performance,

high heterosis or heterobeltiosis, at least one good general combiner parent and high

sea effects. On the basis of combining ability, the parents L5 (Raiding Local), La (IC-

433678), L4 (Tiptur Local) and T3 (Pusa Purple Cluster) was good general combiner

for yield and yield contributing characters. Considering mean performance, heterosis

and combining ability, the hybrid La x Ti (IC-433678 X IC-89986) and L4 x Ta (Tiptur

Local X Vellayani Local) followed by Ls x T3 (Raiding Local X Pusa Purple Cluster)

was found promising for commercial exploitation. It is evident that both additive and

non additive gene effects are involved in the genetic control of the traits. So both gene

effects should be considered when developing superior lines. The identified hybrids

could be effectively used for heterosis breeding to exploit maximum hybrid vigour.

5.2.4 Screening for Shoot and fruit borer Resistance/Tolerance

Screening of 15 F] Hybrids for shoot and fruit borer resistance/tolerance was

done based on the extent of damage to shoots and fruits. The data of damage parameters

collected from field experiment with 15 Fi Hybrids were subjected to statistical

analysis. The shoot infestation and fimt infestation by SFB was discussed separately

under following headings.

5,2,4.1 Shoot Infestation Percentage by SFB

SFB shoot infestation was screened for all 15 Fi hybrids based on the shoot

infestation percentage from 30 to 90 days after transplanting at 10 days interval. A wide

variation for shoot infestation by SFB was observed among the hybrids.
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Among the 15 Fi hybrids IC-433678 X IC-89986 and Raidurg Local X Pusa

Purple Cluster were highly resistant, IC-433678 X Pusa Purple Cluster was moderately

resistant to shoot damage by SFB. Four hybrids namely Raidurg Local X IC-89986,

Tiptur Local X Vellayani Local, Tiptur Local X Pusa Purple Cluster and Jagaluru Local

X Pusa Purple Cluster were showed tolerance to shoot damage by SFB. The following

hybrids namely IC-345271 X Vellayani Local , IC-345271 X Pusa Purple Cluster,

Jagaluru Local X Vellayani Local), Jagaluru Local X IC-89986, IC-345271 X IC-

89986, Raidurg Local X Vellayani Local and Tiptur Local X IC-89986 have shown

susceptibility while IC-433678 X Vellayani Local was highly susceptible to shoot

damage by shoot and fruit borer. Similar results were reported in brinjal by Panda et

al (1971), Dhankaretal. (1977), Kumar and Shukla, (2002). JaietaL (2003), Senapati

(2003), Hazra et al. (2004), Yadav and Sharma, (2005), Elanchezyan et al. (2008),

Patial etal. (2008), Javed etal. (2011), Kranthirekha(2011), Shinde era/.(2012), Wagh

et al. (2012), Kumar et a/.(2013), Kumar and Arumugam, (2013, Bhumitra et al.

(2014), Kumar and Raghuraman. (2014) and Nirmala and Irene. (2016).

5,2.4,2 Fruit Infestation Percentage by SFB

SFB fhiit infestation was screened for 15 Fi hybrids based on the fruit

infestation percentage at 10 days interval from 60, 70, 80, 90 and 100 days after

transplanting. Differential response to the fhiit infestation by SFB was noticed all the

hybrids studied.

Among the 15Fi hybrids IC-433678 X IC-89986 and Raidurg Local X Pusa

Purple Cluster were highly resistant, IC-433678 X Pusa Purple Cluster was moderately

resistant to fruit damage by SFB. Four hybrids namely Raidurg Local X IC-89986,

Tiptur Local X Vellayani Local, Tiptur Local X Pusa Purple Cluster and Jagaluru Local

X Pusa Purple Cluster were showed tolerance to fruit damage by SFB. The following

hybrids namely IC-345271 X Vellayani Local , IC-345271 X Pusa Purple Cluster,

Jagaluru Local X Vellayani Local), Jagaluru Local X IC-89986 , IC-345271 X IC-

89986 , Raidurg Local X Vellayani Local, Tiptur Local X IC-89986 and IC-433678 X
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Vellayani Local were shown susceptible to shoot damage by shoot and fruit borer.

These results agree with earlier reports by Panda et al (1971), Dhankar et al. (1977)

Kumar and Shukla, (2002). Jat et al. (2003), Senapati (2003), Hazra et al. (2004),

Yadav and Sharma, (2005), Elanchezyan et al. (2008), Patial et al. (2008), Javed et al.

(2011), Kranthirekha (2011), Shinde et al.(20\2), Wagh et al. (2012), Kumar et

i3/.(2013), Kumar and Arumugam, (2013), Bhumita et al. (2014), Kumar and

Raghuraman. (2014) and Nirmala and Irene. (2016).

Out of the fifteen hybrids screened against shoot and fruit borer, none emerged

as immime to the pest. The hybrids namely IC-433678 X IC-89986 and Raidurg Local

X Pusa Purple Cluster were highly resistant with high yield while the hybrid IC-433678

X Pusa Purple Cluster shown moderately resistant to both shoot as well as fruit

infestation by SFB. The two hybrids IC-433678 X IC-89986 and Raidurg Local X Pusa

Purple Cluster were further selected to raise the Fz population for molecular analysis

of segregants in the third experiment.

5.3 EXPERIMENT III

5.3.1 Field Screening of Fz Segregants for Resistance to Shoot and fruit borer

Screening of 60 Fz segregants each of two cross combination for shoot and fruit

borer resistance/tolerance was done based on the extent of damage to shoots and fruits.

5.3.1.1 Shoot Infestation Percentage by SFB

SFB shoot infestation was screened based on the shoot infestation percentage

from 30 to 90 days after transplanting at 10 days interval and individually rating was

also given for sixty Fz segregants of two cross combinations viz., IC-433678 X IC-

89986 and Raidurg Local X Pusa Purple Cluster.

Among the sixty Fz segregants of the cross combination IC-433678 X IC-

89986, thirteen plants exhibited highly resistant to SFB (plant5, plants, plant! 3,

plantl5, plant20, plant23, plant34, plant38, plant42, plant43, plant49, plant53 and

35 ̂



plant59), eight plants were moderately resistant (plant4, plantl9, plant31, plant35,

plan69, piant44, plant46 and plants 7) and ten plants showed tolerance to SFB (plant3,

plantll, plantiy, plant25, plant28, plant29, plant41, plant52, plant54, and plantSS).

The following seventeen F2 segregants namely plantl, plant2, plant6, plant9, plantl4,

plantl6, plant21, plant23, plant24, plant26, plant32, plant36, plant37, plant40, plant45,

plant47 and plant48 were susceptible while twelve segregants namely plant7, plantlO,

plantl2, plantlS, plant27, plant30, plant33, plantSO, plantSl, plant56, plant58 and

plant60 were highly susceptible reaction to shoot damage by shoot and fruit borer.

In another cross combination Raidtirg Local X Pusa Purple Cluster, fourteen

plants were highly resistant to SFB (plant2, plant6, plantlO, plantl2, plantlS, plantl9,

plant22, plant28, plant32, plant35, piant40, plant45, plantSO and plantS6), seven plants

were moderately resistant (plantS, plantS, plant2S, plant44, plantS3, plantSS and

plant57), eleven plants showed tolerance to SFB (plantl3, plantl7, plant30, plant33,

plant34, plant39, plant41, plant46, plant49, plantS2 and plantS9). The following

seventeen F2 segregants namely plantl, plant7, plant9, plantll, plantl6, plant20,

plant21, plant23, plant24, plant29, plant36, plant38, plant42, plant43, plant48, plant58

and plantbO were susceptible while eleven segregants namely plant3, plant4, plant 14,

plantlS, plant26 plant27, plant31, plant37, plant47, plantSl and plantS4 exhibited

highly susceptibility to shoot damage by shoot and fruit borer. These results are similar

with earlier reports in brinjal by Panda etal (1971), Dhankar et al (1977), Kumar and

Shukla (2002). Jat et al. (2003), Senapati (2003), Hazra et al. (2004), Yadav and

Sharma, (2005), Elanchezyan et al. (2008), Patial et al. (2008), Javed et al. (2011),

Kranthirekha (2011), Shinde et a/.(2012), Wagh et al. (2012), Kumar et al. (2013),

Kumar and Arumugam (2013, Bhumitra et al. (2014), Kumar and Raghuraman (2014)

and Nirmala and Irene (2016).

5.3,L2 Fruit Infestation Percentage by SFB

SFB fruit infestation was screened based on the fruit infestation percentage at

10 days interval from 60, 70, 80, 90 and 100 days after transplanting along with
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individual rating was also given for sixty F2 segregants of two cross combinations viz.,

IC-433678 X IC-89986 and Raidurg Local X Pusa Purple Cluster.

In the cross combination IC-433678 X IC-89986, sixty F2 segregants were

studied. Among them thirteen plants were highly resistant to SFB (plants, plantS,

plantl3, plantlS, plant20, plant23, plant34, plant38, plant42, plant43, plant49, plant53

and plant59), eight plants were moderately resistant (plant4, plantl 9, plant31, plant35,

plant39, plant44, plant46 and plant57) and ten plants showed tolerance to SFB (plant3,

plantl 1, plantl 7, plant25, plant28, plant29, plant41, plant52, plant54, and plant55).The

following sixteen F2 segregants namely plantl, plant2, plant6, piant9, plantM, piantl6,

plant21, plant22, plant24, plant26, plant30, plant32, plant36, plant40, plant45, plant47

and plant48 exhibited susceptiblity while twelve segregants namely plant7, plantl 0,

plantl2, plantlS, plant27, plant30, plant33, plantSO, plantSl, plant56, plantSS and

plant60 were highly susceptible to shoot damage by shoot and fruit borer.

In another cross combination Raidurg Local X Pusa Purple Cluster, out of sixty

F2 segregants fourteen plants exhibited high resistance to SFB (plant2, plant6, plantl 0,

plantl2, plantl5, plantl9, plant22, plant28, plant32, plant35, plant40, plant45, plantSO

and plant56), five plants were moderately resistant (plant5, plant25, plant44, plant53

and plant55) and thirteen plants showed tolerance to SFB (plantS, plantI3, plantl7,

plant30, plant33, plant34, plant39, plant41, plant46, plant49, plant52, plant57 and

plant59). The following thirteen F2 segregants namely plantl, plant9, plantl 1, plant 16,

plant20, plant21, plant26, plant29, plant36, plant38, plant42, plant43, piant48 were

susceptible while fifteen segregants namely plant3, plant4, plant7, plant 14, plantlS,

plant23, plant24, plant27, plant3I, plant37, plant47, plantSl, plant54, plantSS and

plant59 exhibited high susceptibility to shoot damage by shoot and fruit borer. These

findings agree with the earlier reports by Panda et al. (1971), Kumar and Shukla (2002).

Jat et al. (2003), Senapati (2003), Hazra et al. (2004), Yadav and Sharma, (2005),

Elanchezyan et al. (2008), Patial et al. (2008), Javed et al, (2011), Kranthirekha

(2011), Shinde et a/.(2012), Wagh et al (2012), Kumar et a/.(2013), Kumar and
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Arumugam (2013, Bhumitra et ai (2014), Kumar and Raghuraman (2014) and Nirmala

and Irene (2016) in brinjal.

5.3.2 Molecular Analysis of Fi Segregants

In the current investigations, 22 RAPD primers were tested and only eight

primers produced polymorphism between susceptible and resistant parents. BSA

(Michelmore et aL, 1991) was also attempted to narrow down the number of

polymorphic primers. Out of eight polymorphic primers, only three primers v/r., OPO-

20, OPC-4 and OPL-9 could clearly distinguish the resistant and susceptible bulks in

the cross IC-433678 IC-89986 (OPC-4 and OPL-9) and one primer OPO-20 in cross

Raidurg Local Pusa Purple Cluster. These results were in accordance with Fondevilla

et al. (2007) and Tiwari et al. (1998). Many studies have demonstrated the fact that

RAPD analysis in combination with BSA of F2 population provides an efficient

approach to identify the target gene in crop plants (Tragoonrung et al, 1997; Yang et

al, 2004).

The primers OPO-20, OPL-9 and OPC-4 amplified at 400, 500 and 550 base

pair was present in resistant parent and resistant bulk (pooled DNA of 10 randomly

selected resistant F2 plants). Thus, showing co-segregation of the marker with resistant

gene but these bands were absent in susceptible parents and susceptible bulk (pooled

DNA of 10 randomly selected susceptible F2 plants) in cross IC-433678 x IC-89986

and Raidurg Local '< Pusa Purple respectively. The markers OPO-20, OPC-4 and OPL-

9 being coupled with the allele causing resistance may substantially increase the

efficiency of marker assisted selection in brinjal breeding for shoot and fruit borer. The

specific primers OPO-20, OPC-4 and OPL-9 will be useful in identifying homozygous

resistant individuals in F2 and subsequent segregating generations in crosses IC-433678

IC-89986 and Raidurg Local Pusa Purple, respectively and will form a strong base

for designing ideal genotypes with higher levels of shoot and fhiit borer resistance in

brinjal.
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6. SUMMARY

The experiment entitled "Inheritance of yield and resistance to shoot and fhiit

borer {Leucinodes orbomlis Guen.) in brinjal {Solarium melongena L.)" was

conducted at the Department of Plant Breeding and Genetics, College of Agriculture,

Vellayani, Thimvananthapuram, Kerala during the period 2012-2015. In the first

experiment, sixty accessions of brinjal were collected from different parts of country

and grown in the field in RBD with two replications in in two parallel experiments in

two seasons. Highly sigmficant differences among the genotypes were observed for all

the characters under study in two seasons, indicating the presence of sufficient amount

of variability to carry out further analyses.

In general, higher phenotypic co efficient of variability values than that of

genotypic co-efficient of variability values indicates the influence of environment on

traits. But, closer PCV and GCV values were observed for majority of the characters

in the present study and possibly they were less influenced by environment indicating

reliability of selection based on these traits. The higher PCV and GCV values in the

kharif and rabi seasons were observed for the characters like plant height, number of

primary branches plant"', number of fhiits plant"', length of fruit, girth of fhiit, fiuit

weight, intra cluster distance, fruit yield plant"'- SFB shoot damage, SFB fruit damage,

RLPS, RLSA and weight of infested fiiaits indicating that a greater amount of genetic

variability was present for these characters which provide greater scope for selection.

High heritability coupled with high genetic advance as per cent of mean was

observed in kharif and rabi seasons for the characters like plant height, number of

primary branches plant"', intra cluster distance, inter cluster distance, number of fioiits

plant"', length of fhiit, girth of fimit, fruit weight, fhiit yield plant"', SFB shoot damage,
SFB fhiit damage, calyx length, RLPS, RLSA, weight of infested fruits, total sugars

and total phenols. It indicated that, these traits were under the strong influence of
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additive gene action and hence simple selection based on phenotypic performance of

these traits would be more effective.

Fruit yield per plant showed significant positive correlation with fhiits per

plant, fruit weight, girth of fruit, plant height, number of primary branches plant,

percentage of medium styled flowers, length of fruits and percentage of long styled

flowers respectively in both seasons. It exhibited significant negative correlation with

weight of infested fi-uit, SFB fhiit infestation, SFB shoot infestation, percentage of

short styled flowers, calyx length, intra cluster distance and days to last harvest at

phenotypic and genotypic level in both seasons. The positive associations between

characters imply the possibility of correlated response to selection and it follows that

with the increase in one, will entail an increase in another and the negative correlation

preclude the simultaneous improvement of those traits along with each other.

SFB shoot infestation showed significant positive correlation with SFB fiiiit

infestation and total sugars in both seasons. It also showed significant negative

correlation with RLPS, RLSA, calyx length and total phenols in kharif and rabi

seasons. SFB finait infestation showed significant positive correlation with RLSA,

RLPS, total sugars, calyx length, intra cluster distance and inter cluster distance

whereas significant negative correlation with total phenols and weight of infested fruits

in both kharif and rabi seasons.

Characters like number of fruits plant"', fhiit weight, percentage of long styled

flowers, percentage of medium styled flowers and plant height showed positive direct

as well as significant positive correlation with fhiit yield per plant in both seasons.

Selection based on these characters w^ould be highly effective.

Selection index was worked out and based on the discriminant function

analysis and out of sixty genotypes studied, top five ranks were given to the genotypes

namely SM 36 (IC-433678), SM 2 (IC-345271), SM 9 (Raidurga Local), SM 14

336
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(Jagalur Local) and SM 21 (Tiptur Local) were shown high yield in both kharif and

rabi seasons.

Out of the sixty genotypes screened against shoot and fruit borer in kharif and

rabi seasons, none emerged as immune to the pest. The genotypes namely SMI (IC-

89986), SM 60 (Pusa Purple Cluster) have shown highly resistant, SM 59 (Vellayani

Local) shown moderately resistant and remaining genotypes showed susceptibility to

both shoot as well as fruit infestation by SFB in kharif and rabi seasons.

In the second experiment, line x tester analysis was carried out and developed

fifteen hybrid combinations by utilising the five highly susceptible as well as three

highly resistant lines to brinjal shoot and fruit borer. Materials for the study consists of

eight parents, 15 hybrids and one standard check (Haritha) from KAU were evaluated

for following traits viz., plant height (cm), number of primary branches plant perplant,

days to first flower, percentage of medium styled flowers, percentage of long styled

flowers, percentage of short styled flowers, number of fruits per plant, colour of fruit,

length of fruit (cm), girth of fruit (cm), fhiit weight (cm), days to first harvest, days to

last harvest and fruit yield plant (kg). The analysis of variance indicated significant

differences among the genotypes for all the traits studied.

The data on heterosis calculated over mid parent, better parent and standard

check Haritha revealed superiority of some outstanding cross combinations. For fruit

yield per plant the overall mean of crosses was higher than the parental mean. The

maximum standard heterosis for yield per plant was observed in the cross L5 X T3

Raidurg Local X Pusa Purple Cluster, followed by L2XT1 (IC-433678 X IC-89986),

L2XT3 (IC-433678 X Pusa Purple Cluster), LiXTs (IC-345271 X Pusa Purple Cluster)

and L4XT3 (Tiptur Local X Pusa Purple Cluster). The hybrid L5XT3 (Raidurg Local X

Pusa Purple Cluster) also exhibited high significant standard heterosis for long styled

flowers, number of fruits per plant, fhiit weight, days to first harvest and days to last

harvest. The hybrid L2XT3 (IC-433678 X Pusa Purple Cluster) showed significant
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standard heterosis for days to first flower long styled flowers, number of fruits per plant

and length of fitiit.

The gca values revealed that two lines and one tester viz., Li (IC- 433678), Ls

(Raidurg Local) and T3 (Pusa Purple Cluster) were identified as good general

combiners for finiit yield per plant. These lines and testers were also best combiner for

yield component characters like number of primary branches per plant, days to first

flower, medium styled flower, long styled flowers, number of fruits per plant and

length of fruit. The estimates of specific combining ability effects indicated that cross

combinations viz., IC-433678 X IC-89986, Tiptur Local X Vellayani Local, Jagaluru

Local X Vellayani Local, IC-345271 X Pusa Purple Cluster and Raidurg Local X Pusa

Purple Cluster were most promising for fhiit yield per plant and its component

attributes. The 15 hybrids were also screened for shoot and fhiit borer resistance based

on the percentage of infested shoots and fhiits at 10 days interval from 30 to 100 DAT.

The hybrids IC-433678 X IC-89986 and Raidurg Local X Pusa Purple Cluster were

found highly resistant to biinjal shoot and fruit borer.

In the third experiment, high yielding hybrids (IC-433678 X IC-89986 and

Raidurg Local X Pusa Purple Cluster) along with shoot and fhiit borer resistance were

further advanced to F2 generation in order to carry out the bulk segregant analysis. The

genomic DNA of the parents and individual F2 plants was isolated using CTAB

method. Polymorphism survey of the resistant and susceptible parents was done by

amplifying their DNA using 22 decamer random primers. Of these, eight primers

produced amplification and only three of these produced polymorphism between the

parents and bulks. The primers OPO-20, OPL-9 and OPC-4 produced polymorphic

bands at 400, 500 and 550 base pair in resistant parent and resistant bulk indicating the

co-segregation with the resistance gene in cross IC-433678 x IC-89986 and Raidurg

Local X Pusa Purple, respectively. However, more closely linked marker(s) needed to

52?
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be identified for undertaking Marker Assisted Selection (MAS) in developing shoot

and fhiit borer resistance in brinjal.

In the present study attempts were made to identify crosses which were resistant

or tolerant to shoot and fruit borer incidence. Two Superior crosses (IC-433678 x IC-

89986 and Raidurg Local x Pusa Purple) were identified which could be further carry

forward to develop a resistant varieties of brinjal in future.

6.1 FUTURE LINE OF WORK

1. The stability of the superior hybrids need to be assessed and the superior

hybrids could be released for cultivation.

2. Pedigree method of selection can be followed to select superior recombinants

from the segregating generations which on attaining uniformity could be

released as varieties for cultivation.

3. More closely linked marker(s) needed to be identified through Marker Assisted

Selection (MAS) in developing shoot and fhrit borer resistance in brinjal.

4. The three primers namely OPC-4, OPL-9 and OPO-20 can be used to develop

a scar marker and which could be used further resistance breeding.

3^^



27^

References



2,75

7. REFERENCES

Abhinav and Nandan. 2010. Studies on heterosis in relation to combining ability

for yield and quality attributes in brinjal {Solarium melongena L.). Electr. J

Plant Breed 1 (4): 783-788.

Abhinav, S. and Mehta,N. 2011. Heterosis and inbreeding depression for fruit yield

and its components in brinjal {Solanum melongena L.). Veg. Set 38 (1): 88-

91.

Adarsh, M.N., Sharma, H.D., Manish, K. Sharma., Rajesh, D and Rajnish, S. 2017.

Genetic studies on horticultural traits and marker assisted selection for

powdery mildew resistance in pea {Pisum sativum L). Ph.D.

(Hort) thesis, Dr Y. S. Parmar UHF, Nauni, Solan, 102p.

Ahmad, M.S., Rashid, M.A., Hossain, A.A.K.M. and Abdullah, A.M. 1985.

Comparative susceptibility of different brinjal cultivars against Leucinodes

orbonalis Guen. Bangladesh Hortic. 13: 20-24.

Ajjappalavara, P.S. 2006. Genetic studies and management of bacterial wilt in

brinjal {Solanum melongena L.). PhD. (Ag) thesis. University of

Agricultural Sciences, Dharwad, 72p.

Ajjappalavara, P.S., Dharmatti, P.R. and Salimath, P.M. 2013. Heterosis for yield

and bacterial wilt resistance in brinjal {Solanum melongena L.). The Asian

J. Hortic. 8(1): 12-20.

Alam, S.N., Rashid M.A., Rouf, F.M.A., Jhala, R.C., Patel, J.R., Satpathy, S.,

Shivalingaswamy, T.M., Rai, S., Wahundeniya, I., Cork, A., Ammaranan,

C., and Talekar, N.S. 2003, Development of an integrated pest management

strategy for eggplant ruit and shoot borer in South Asia. Shanhua, Taiwan:

AVRDC—the World Vegetable Center. Technical Bulletin No. 28.

AVRDC Publication No. 03-548. 56 pp.

Al-Hubaity, A.I. and Teli, J.A. 2013. Combining ability and heterosis in eggplant

{Solanum melongena L.). Mesopotamia J. Agric. 41: 23-35.

530



x%

Al-Jibonri, H.A., Miller, P.A. and Robinson, H.V. 1958. Genotypic and

environmental variances and co-variances in a upland cotton cross of

interspecific origin. Agron, J. 50: 633-636.

Allard, R.W. 1960. Principles of Plant Breeding. John Wiley and Sons Inc., New

York.

Amin, M.R., Alam, M.Z., Rahman, M.M., Hossain, M.M. and Mian, I.H. 2014.

Study on the anatomical characteristics of brinjal varieties/lines influencing

brinjal shoot and fi-uit borer infestation. Int. J. Econ. Plants. 1(1): 16-22.

Anonymous. 2015. Indian Horticulture Database-2015, National Horticulture

Board, Ministry of Agriculture, Government of India. 286 pp.

Arunachalam, V. and Bandopadhay, A. 1979. Are multiple cross pollen - an answer

for productivity population in Brassica campestris var. Braon Sarson.

Theor. Appl. Genet.

Arunachalam, V. and Bandopadhay, A., 1979, Arc multiple cross pollen - an

answer for productivity population in Brassica campestris var Brown

Sarson. Theor. Appl. Genet. 54: 203-207.

Arunkumar, B., Kumar, S.V.S. and Praksh, J.C. 2013. Genetic variability and

divergence studies in brinjal. Bioinfolet. 10 (2B): 739-744.

Asati, B.S., Samaik, D.A., Thakur, B.S. and Rai, N. 2004. Correlation studies in

round fmited brinjal against fruit borer {Leucinodes orbonalis Guen.). Prog.

Hortic. 36(1): 132-134.

Aswani, R.C. and Khandelwal, R.C. 2005. Combining ability studies in brinjal.

Indian J. Hortic. 62: 37-40.

Atwal, G.S. and Dhaliwal, G.S. 1999. Elements of Economic Entomology. Popular

Book Depot, Madras, pp. 110-111.

AVRDC. 1999. AVRDC Report .1998. AVRDC Publication No. 99-492. Asian

Vegetable Research and Development Center, Shanhua, Taiwan. 148 pp.

33



277

Awasthi, A.K. 2000. Preliminary screening of brinjal genotypes to Leucinodes

orbonalis Guen. Insect Environ. 6: 33-34.

Baig, K.S. and Patil, V.D. 2002. Combining ability over environments for shoot and

fruit borer resistance and other traits in brinjal {Solamm melongena L.).

Indian J. Genet. 62: 42-45.

Baig, K.S., Patil, V.D. and Patil, V.P. 2005. Heterosis for fruit yield and its

components over environment in brinjal. An. Plant Physiol 19(2): 212-16.

Bailey, L.H. and Munson, W.M. 1892. Experiences with eggplants. New York

(Cornell). Stn Bull. 28: 20.

Bajaj, K.L., Singh, D. and Kaur, O. 1989. Biochemical basis of relative field

resistance of eggplant (Solanum melongena) to the shoot and fhiit borer

{Leucinodes orbonalis). Veg. Set 16: 145-149.

Baksha, M.W. and Ali, M.I. 1982. Relative susceptibility of different cultivars of

brinjal to brinjal shoot and fruit borer. Bangladesh J. Agric. 7: 22-26.

Bansal, S. and Mehta, A.K. 2008. Genotypic correlation and path analysis in brinjal

{Solanum melongena L.). Nat. J. Plant Improv. 10: 34-36.

Bashar, A., Hasan, R,, Alam, N., Hossain, M.K., Nguyen, V.H.A. and

Mahmudulhuque, A.K.M. 2015. Assessment of trait efficiency and

selection of parents in brinjal {Solanum melongena L.). Plant gene trait. 6

(7): 1-18.

Bauman, L.F. 1959. Evidence of non-allelic gene interaction determining yield, ear

height and kernel row number in com. Agron../ 51: 531-534.

Bayla, L.H. 1918. Hybridization of eggplants. Philippines Agric. For. 7: 66-71.

Behera, T.K., Singh, N. and Kalda, T.S. 1999. Genetic variability studies in

eggplant in relation to fimt and shoot borer infestation. Orissa J. Hortic. 27:

1-3.



27^
Behera, T.K., Singh, N., Kalda, T.S. and Gupta, S.S. 1998. Inter relationship and

path analysis studies on yield, characters relating to shoot and fruit borer

resistance in brinjal. Veg. Sci. 25 (2): 149-154.

Bendale, V.W., Mane, S.V., Bhave, S.G., Madav, R.R., and Desai, S.B. 2005.

Combining ability studies on growth and developmental character in brinjal.

Int. J. Agric. Sci. 2: 30-33.

Bhattacharya, A., Mazumdar, D., Das, A.K., Hazra, P. and Pal, S. 2009. Peroxidase

and polyphenoloxidase activities and phenol content in fruit of eggplant and

their relationship to infestation by shoot and fruit borer. Int. J. Veg. Sci. 15

(4): 316-324.

Bhumita, P., Solanki, R.D. and Kumar, D. 2014. Population dynamics of important

insect pests of brinjal in medium altitude hell of Meghalaya. J.

Interacademicia. 18 (2): 222-229.

Bhusan, K.B. and Singh, Y.V. 2013. Expression of heterosis for quantitative traits

in brinjal {Sollanum melongena L.). PantnagarJ Res. 11(3): 402-04,

Bhusan, K.B., Singh, Y.V., Upadhyay, R.K. and Neelima, J. 2013. Heterosis

breeding and protein profiling through SDS-PAGE in brinjal (Solanum

melongena L.). Res. Crops. 14(1): 226-30.

Bhushan, S., Chaurasia, H.K. and Shanker, R. 2011. Efficacy and economics ofpest

management modules against brinjal shoot and fruit borer {Leucinodes

orbonalis). The Bioscan. 6 (4): 639-642.

Bhutani, R.D., Kalloo. G., Singh, G.P., and Sidhu, A.S. 1980. Heterosis and

combining ability in brinjal {Solanum melongena L.). Haryana Agric. Univ.

J. Res. 10: 476-484.

Bisht, G.S., Singh, M., Singh, S.K., Singh, M.C., and Rai, M. 2009. Heterosis

studies in brinjal {Solanum melongena L.). Veg. Sci. 36: 217-219.

Bisht, G.S., Singh, M.C., Singh, M., Singh, S.K., and Rai, M. 2006. Combining

ability analysis in brinjal {Solanum melongena L.). Veg. Sci. 33: 68-70.



Bruce, A.B. 1910. The Mendelian theory of heredity and the augmentation of

vigour. Sci. 32: 627-628.

Bugali, G., Mulge, R., Madalageri, M.B., Gasti, V.D. and Jagadeesha, R.C. 2007.

Studies on magnitude of heterosis for yield and component traits in eggplant

(Solanum melongena L.). J. Asian Hortic. 3 (4): 233-236.

Bulgundi, S. 2000. Heterosis and combining ability studies in brinjal (Solanum

melongena L.). M.Sc. (Ag) thesis. University of Agricultural Sciences,

Dharwad, 106p.

Burton, G. W. 1952. Quantitative inheritance in grasses. Proceedings Int. Grassland

Cong. 1:277-283.

Burton, G.W. and Devane, R.W. 1953. Estimating heritability in tall foscue

(Festuca arubdinaces) from replicated clonal material. Agron. J. 45:478-

481.

Central Sci. Laboratory (CSL). 2006. CSL Pest Risk Analysis for Leucinodes

orbonalis. Sand Button, York, UK.

Chadha, M.L. and Hegde, R.K. 1987. Graphic analysis of some agronomic

characters in brinjal. Indian J. Hortic. 44: 220-225.

Chadha, M.L, and Hegde, R.K. 1988. Heterosis studies in brinjal. Punjab Hortic. J.

28:91-94.

Chadha, M.L. and Hegde, R.K. 1989. Combining ability studies in brinjal. Indian

J. Hortic. 47: 44-52.

Chadha, M.L. and Paul, B. 1984. Genetic variability and correlation studies in

eggplant (Solanum melongena). Indian J. Hortic. 41: 101-107.

Chadha, M.L. and Sidhu, S. 1982. Studies on hybrid vigour in brinjal (Solanum

melongena L.). Indian! Hortic. 39: 233-238.

Chadha, M.L., Sharma, C.M., and Bajaj, K.L. 1990. Inheritance of bitterness in

brinjal. Indian J. Hortic. 47: 224-249.



■no
Chadha, S., Singh, B., and Kumar, J. 2001. Heterosis in brinjal. Karnataka J. Agric.

ScL 14: 1130-1133.

Chandrashekhar, C.H., Malik, V.S. and Singh, R. 2008. Morphological and
biochemical factors of resistance in eggplants against {Leucinodes
orbomlis.). Entomologia Generali. 31(4): 337-345.

Chang, J. H., Goal, A. K., Grant, S. R and Dang, J. L. 2014. Wake of the fl ood:
ascribing functions to the wave of type III effector proteins of
phytopathogenic bacteria. Curr. Opin. Microbiol 7:11-18.

Chattopadhyay, A., Dutta, S. and Hazra, P. 2011. Characterization of genetic
resources and identification of selection indices of brinjal {Solarium
Melongena L.) grown in eastern India. Veg. Crops Res. BullJA: 39-49.

Chaudhary, D.N. and Mishra, G.M. 1988. Heterosis for morphological characters in
inter-varietal crosses of brinjal. HaryanaJ. Hortic. Sci. 17: 221-227.

Chaudhary, D.R. and Malhotra, S.K. 2000. Combining ability of physiological
growth parameters in brinjal {Solarium melongena L.). Indian J. Agric. Res.
34: 55-58.

Chaudhary, D.R. and Pathania, N.K. 2000. Inheritance of agronomical and
physiological growth parameters in brinjal {Solanum melongena L.). Him.
J. Agric. Res. 26: 62-66.

Chezhiah, P., Bapu, S., and Ganesan, J. 2000. Combining ability studies in
eggplant. Trop. Agric. Res. 12: 394-397.

Chowdhury, M.J., Ahmad, S. and Uddin, N. 2010. Expression of heterosis for
productive traits in Fi brinjal {Solanum melongena L.) hybrids. The Agric.
8: 8-13.

Chowdhury, M.J., Ahmad, S., Nazim Uddin, M., Quamruzzaman, A.K.M. and
Patwary, M.M.A. 2011. Expression of heterosis for productive traits in Fi
brinjal {Solanum melongena L.) hybrids. Sci. J. Krishi Foundation. 8 (2):
8-13.



231

Comstock, R.E. and Robinson, H.F. 1952. Estimation of average dominance of

genes. In: Heterosis (Ed. J.W. Growen) Iowa state college Press, USA. 494-

516 pp.

Daluya, M.S., Dhankar, B.S., and Kalloo, G. 1984. Hybrid performance in eggplant.

HaryanaJ, Hortic. Set 13: 147-149.

Dahiya, M.S., Dhankar, B.S., Kalloo, G., and Pandita, M.L. 1985. Line x tester

analysis for the study of combining ability in brinjal (Solarium melongena

L.) HaryanaJ. Hortic. Set 14: 102-107.

Darekar, K.S., Gaikwad, B.P. and Chavan, V.D. 1991. Screening of eggplant

cultivars for resistance to shoot and fhiit borer. J. Maharashtra Agric. Univ.

16: 366-369.

Das, G. and Barua, S.N. 2001. Heterosis and combining ability for yield and its

components in brinjal. Ann. Agric. Res. New Series. 22: 399-403.

Das, S., Mandal, A.B. and Hazra, P. 2009. Study of heterosis in brinjal (Solanum

melongena L.) for yield attributing traits. J. Crop Weed. 5(2): 25-30.

Davenport, C.B. 1908. Degeneration, albinism and inbreeding. Sci. 28: 454-485.

Dewey, D.H. and Lu, K.H., 1959. A correlation and path analysis of components

of crested wheat grass production. Agron. J. 51: 515-518.

Dhankar, B. and Singh, K. 1983. Genetic variability and correlation studies in

brinjal. Indian J. Hortic. 40: 221-227.

Dhankar, B.S. and Singh, K. 1983. Genetic variability and correlation studies in

brinjal (Solanum melongena L.). Indian J. Hortic. 40; 221-227.

Dhankar, B.S., Gupta, V.P. and Singh, K. 1977. Screening and variability studies

for relative susceptibility to shoot and fhiit borer (Leucinodes orbonalis

Guen.) in normal and ratoon crop of brinjal (Solanum melongena L.).

HaryanaJ. Hortic. Sci. 6: 50-58.



Dhankhar, B.S., Mehrotra, N., and Singh, K. 1980. Heterosis in relation to yield

components and shoot and fruit borer {Leucinodes orbonalis Gn.) in brinjal

(Solarium melongena L.). Genetica Agraria 34: 215-220.

Dharmegowda, M.V. 1976. Genie analysis of yield and yield components in brinjal.

M.Sc. (Ag) thesis, College of Agriculture, Dharwad, 66p.

Dharmegowda, M.V., Hiremath, K.G., and Goud, J.V. 1979. Combining ability

studies in Solarium melongena L. Mysore J Agric. Sci. 13: 10-14.

Dharwad, N.A., Salimath, P.M. and Patil, S.A. 2009. Association and path co

efficient analysis in elite germplasm lines of brinjal (Solanum melongena

L.). KarnatakaJ. Agric. Sci. 22 (5): 965-966.

Dhillon, B.S. 1975. The application of partial diallel crosses in plant breeding. Annu.

Rev. Croplmprov. 2:1-7.

Dhooria , M.S. and Chadha, M.L. 1981. A note on the incidence of shoot borer on

different varieties of brinjal. Punjab J. Agric. Sci. 21: 22-225.

Dixit, J. and Gautam, N.C. 1987. Studies on hybrid vigour in eggplant. Indian J.

Hortic. 44: 74-77.

Doshi, K,M., Bhalala, M.K. and Kathiria, K.B. 1998. Conflation and path analysis

for yield, fruit borer infestation, little leaf incidence and quality traits in

brinjal (Solanum melongena L.). Capsicum Eggplant News Letter, 17; 84-

87.

Doshi, K.M., Bhalala, M.K. and Kathiria, K.B. 1999. Genetic variability for yield,

fhiit borer mfestation, little leaf incidence and quality characters in brinjal.

Gujarat Agric. Univ. Res. J. 24 (2): 27-30.

Duodo, Y. A. 1986. Field evaluation of eggplant cultivars to infestation by the shoot

and fruit borer, L. orbonalis (Lepidoptera: Pyralidae) in Ghana.rrop/c. Pest

Manag. 32: 347-349.

33^



East, E.M. 1908. Inbreeding in com. Repl. Conn. Agric. Expt. Stat. for 1907 pp.

419-428. (Fide: Rai, B. 1979. Heterosis Breeding Agro-Biological Publ.,

Delhi. P. 29).

Elanchezhyan, K., Baskaran, R. K. M. and Rajavel, D.S. 2009. Bio-chemical basis

of resistance in brinjal genotypes to shoot and fruit borer, Leucinodes

orbonalis Guen. J. Entomoi Res. 33: 101-104.

Elanchezhyan, K., Baskaran, R.K.M. and Rajavel, D.S. 2008. Field screening of

brinjal varieties on major pests and natural enemies, J. Biopesticides, 1(2):

113-120.

Eswarareddy, S.G. and Srinivas, N. 2004. Efficacy of botanicals against brinjal

shoot and fruit borer Leucinodes orbonalis Guen. Proceedings ofNational

Symposium on Integrated Pest Management (IPM) in Horticultural crops:

New Molecules Biopesticides and Environment, Bangalore. 17-19, October,

11-13 pp.

Fisher, R.H. 1936. The use of multiple measurements in taxonomic problems. Ann.

Eugen. 7: 179-188.

Fondevilla, S., Torres, A.M., Moreno, M.T and Rubiales, D. 2007. Identification of

a new gene for resistance to powdery mildew in Pisum Julvum, a wild

relative of pea. Breed. Sci. 57: 181-184.

Gamble, E.E. 1962. Gene effects in com (Zea mays L.). I. Separation and relative

importance of gene effects for yield. Can. J. Plant. Sci. 42: 339-349.

Gangadhara, K and Mareen, A. 2016a. Studies on genetic variability, heritability

and genetic advance in Brinjal {Solanum melongena. L). Adv. Life Sci.

5f27;: 10032-10034.

Gangadhara, K and Mareen, A. 2016b. Correlation and Path analysis for yield and

resistance to shoot and fiuit borer in Brinjal {Solanum melongena. L) Adv.

Life Sci. 5f2;;:10014-10019.



Gautham, B. and Srinivas, T. 1992. Study on heritability and character association

inbrinjal {Solanum melongena). S. Indian Hortic. 40: 316-318

Gavade, R.T. and Ghadage, B.A. 2015. Genetic Variability, Heritability and

Genetic Advance in Segregating Generation of Brinjal {Solanum

melongena L.) Bioinfolet. 12 (IC): 325-328.

Geetharajalakshmi, S., Subramanian, S., Shanmugasundaram, P.S and

Mohankumar, S. 2006. Molecular analysis of Leucinodes orbonalis

populations withinTatml Nadu using lepidopteran specific random primers.

Pestmanag. Hortic. Ecosyst. 2: 12-29.

Ghante, V.N., Ranjith, K..L., Rajesh, C.L., Poomima, R., Kisan, B., Bheemanna, M.

and Arunkumar, H. 2013. Detection of genetic variation in brinjal shoot and

Suit borer {Leucinodes orbonalis) populations using RAPD markers

.Bioinfolet.\0{A): 1208-1210.

Ghosh, S.K. and Senapati, S.K. 2001. Evaluation of brinjal varieties commonly

grown in terai region of West Bengal against pest complex. Crop Res. Hisar.

21(2): 157-163.

Gopimony, R., Nayar, N.K. and George, M.K. 1984. Genetic variability in brinjal

germplasm. Agric. Res. J. Kerala. 22: 129-132.

Griffing, B. 1956. Concept of general and specific combining ability in relation to

diallel crossing systems. Aust. J. Biol. Sci. 9: 465-493.

Gupta, Y.C. and Kauntey, R.P.S. 2008. Studies on fhiit characters in relation to

Infestation of shoot and fmit borer, Leucinodes orbonalis Guen. in brinjal,

Solanum melongena Linn., J. Entomol. Res. 32(2): 119-123.

Halsted, B.D. 1901. Experiments in crossing eggplants. New Jersey Agricultural

Experiment Station, Annual Report. 22: 398-400.

Hampson, G.F. 1986. Moths: The Fauna of British India including Ceylone and

Burma. 5: 370-371.

53^



Hanson, J.B., Bageman, R.H., and Fisher, M.E. 1960. The association of

carbohydrates with the mitochondria of com seedling. Agron J 52: 49-52.

Harshavardhan Singh., Singh, S.P., Satyendra Singh., and Rajput, C.B.S. 2003.

Heterosis in relation to combining ability in brinjal {S. melongena L.). Veg.

Sci. 30: 38-41.

Haseeb, M., Sharma, D.K. and Qamar, M. 2009. Estimation of the losses caused by

shoot and fruit borer, Leucinodes orbonalis Guen. (Lepidoptera: Pyralidae)

in brinjal. Trends. Biosci. 2 (1): 68-69.

Hayes, H.K., Immer, I.R., and Smith, D.C. 1955. Methods of Plant Breedings

McOraw Hill Company, Inc., New York. pp. 535.

Hayman, B.I. 1957. Interaction, heterosis and diallel crosses. Genet. 42: 336-355.

Hazra, P., Dutta, R. and Maithy, T.K. 2004. Morphological and biochemical

characters associated with field tolerance of brinjal to fruit and shoot borer

and their implications in breeding for tolerance. Indian J. Genet. Plant

Breed. 64 (3): 225-256.

Hazra, P., Roy, U., Roy, T., Dutta, R. and Mandal, A.K. 2007. Understanding the

basis of eggplant {Solanum melongena L.) susceptibility to shoot and fruit

borer. Progress in research on capsicum and eggplant Proceedings of the

Xlllth EUCARPIA Meeting, Warsaw, Poland. 5-7 September. 87-95.

Henderson, C.R. 1952. Specific and general combining ability in upland cotton.

lowaStat. Call. Pross. 199-217.

Hossain, M.M., Shahjahan, M., Azad-ud-doulaprodhan, A.K.M., Islam, M.S. and

Begum, M.A. 2002. Study of anatomical characters in relation to resistance

against brinjal shoot and fruit borer. Pakist. J. Biol. Sci. 5 (6): 672-678.

Imtiaz, A.K., Komal, H., Rasheed, A., Ashraf, K. Muhammad, S., Abid, F. Ijaz, A

and Mukhtar, A. 2015. Proximate chemical composition of brinjal, Solanum

melongena L. (Solanales: Solanaceae), genotypes and its correlation with

the insect pests inPeshawar. J. Entomol Zool. Studies. 2015. 3(4): 303-306.



Indiresh, K.M. and Kulkami, R.S. 2002. Studies of heterosis in brinjal {Solanum

melongena L.). Int. J. Tropical Agric. 20: 37-45.

Ingale, B.V. and Patil, S.J. 1996. Heterosis for fruit characters in eggplant. J.

Maharashtra Agric. Univ. 21: 390-393.

Ingale, B.V. and Patil, S.J. 1997(a). Heterosis breeding in brinjal {Solanum

melongena L). PKVRes. J. 21: 25-29.

Ingale, B.V., Patil, S.J., and Basarkar, P.W. 1997. Heterosis for biochemical

composition of fruits in eggplant. Indian J. Hortic. 54: yil-Zyi.

Isshiki, S., Okubo, H., Oda, N. and Fujieda, K. 1994. Isozyme variation in eggplant

{^olanum melongena L.). J. Jpn. Sac. Hortic. Set. 63:115-120.

Jadhao, S.T., Thaware, B.L., Rathod, D.R. and Navhale, V.C. 2009. Correlation

and path analysis studies in brinjal. Ann. Plant Physiol. 23: 177-179.

Jain, J.P. \9%2Statistical Techniques in Quantitative Genetics. Tata Mc Graw Hill

Co., New Delhi, 281 p.

Jasmin, J.J. 1954. Male sterility in Solanum melongena L. preliminary report on a

functional type of male sterility in eggplant. Proceedings of the American

Societyfor Horticulture Science. 63: 443.

Jat, K.L. and Pareek, B.L. 2003. Biophysical and biochemical factors of resistance

in brinjal against Leucinodes orbonalis. Indian J. Entomol. 65 (2): 252-258.

Jat, K.L., Singh, S. and Maurya, R.P. 2003. Screening of brinjal varieties for

resistance to shoot and fhiit borer Leucinodes orbonalis (Guen.). Haryana

J. Hortic. Sci. 32 (1): 152-153.

Javed, H., Mohsin, A.U., Aslam, M., Naeem, M., Amjad, M. and Mahmood, T.

2011. Relationship between morphological characters of different

Aubergine cultivars and fruit infestation by Leucinodes orbonalis Guenee.

Pakist. J. Bot. 43 (4): 2023-2028.

Jenkins, M.T. and Brunson, A.M. 1932. A method of testing inbred lines of maize

in cross-bred combination. J. Amer. Soc. Agron. 24: 523-530.



251

Jinks, J.L. 1955. A Study of the genetical basis of heterosis in variety of diallel

cross. Heredity. 9: 225-238.

Johnson, H.W., Robinson, H.E. and Comstock, R.F. 1995. Genotypic and

phenotypic correlations in soyabeans and their implications in selection.

Agron. J. 47: 447-483.

Jones, D.F. 1917. Dominance of linked factors as a mean of accounting for

heterosis. Genet. 2: 466-479.

Joshi, N., Singh, Y. V. and Bhushan, K. B. 2008. Heterosis for different quantitative

traits in brinjal {Solanum melongena. L.). PantnagarJ Res. 6 (2); 266-269.

Kabir, M.H., Mia, M.D., Azim, I.I., Begum, R.A. and Ahmad, M.A. 1984. Field

screening of 12 brinjal varieties against shoot and fruit borer, L orbonalis.

Bangladesh J. Zool. 12: 47-48.

Kafytullah, Indiresh, K.M. and Santhosha, H.M. 2011. Genetic variability in brinjal

{Solanum melongena h.). Environ. Eco/. 29(3B): 1679-1688.

Kakizaki, Y. 1928. Hybrid vigour in Solanum melongena L. (Japanese). Agric.

//orric. 3:371-380.

Kallo, G. 1988. Biochemical basis of insect resistance in vegetables. Veg. Breeding,

Volume II, CRC Press Inc Boca Raton, Florida.

Kalloo, G., Baswana, K.S., and Sharma, N.K. 1989. Performance of various hybrids

of brinjal {Solanum melongena L.). HaryanaJ. Res. 19: 328-335.

Kamal, D., Bal. S.S., Kumar, A., and Sidhu, A.S. 2006. Heterosis and combining

ability studies in brinjal {Solanum melongena L.) Haryana J. Hortic. Sci.

35:161-165.

Kamalakkannan, T., Karuppaiah, P., Sekar, K., and Senthilkumar, P. 2007. Line x

tester analysis in brinjal for yield and shoot and fruit borer tolerance.

Indian J. Hortic. 64: 420-424.

3Lf 3



Karak, C., Ray, U., Akhtar, S., Naik, A. and Hazra, P. 2012. Genetic variation and

character association in fruit yield components and quality characters in

brinjal [Solanum melongena L.]. J. Crop. Weed 8 (1): 86-89.

Karthikeyan, K. A. Vijayakumar, Murali, P., Suresh, P and Janarthanan,

S. 2005. Detection of Genetic Polymorphism in the Populations of Brinjal

Shoot and Fruit Borer, Leucinodes orbonalis (Guenee). Indian J. Exp. Biol.

43 (6): 548-551.

KAU (Kerala Agriciiltural University). 2011. Package of practices

Recommendations: Crops (14*'^ Ed). Kerala Agricultural University,

Thrissur, 334p.

Kaur, J. 1998. Genetic architecture of fruit yield and quality characters in brinjal

{Solanum melongena L.). M.Sc. (Ag) thesis, Gujarat Agricultural

University, S. K. Nagar, 82p.

Kaur, J., Patel, J.A., Patel, M.J., Acharya, R.R., and Bhanvadia, A.S. 2001. Genetic

analysis of earliness and plant stature in brinjal. Capsicum and eggplant

News Letter^ 20: 94-97.

Keeble, F. and Pellew, C. 1910. The mode of inheritance of stature and time of

flowering of pea {Pisum sativum L.). J. Genet. 1: 47-56.

Kempthome, O. 1957. The theory of diallel cross. Genet. 41: 451-459.

Kempthome, O. and Cumow, R.N. 1961. The partial diallel cross. Biometrics, 17:

229-250.

Kempthome, O., 1957. An introduction to genetic statistics. John Wiley and Sons,

New York, pp. 408-711.

Khorshedu2zaman, A.K.M., Alam, M.Z., Rahman, M.M., Milan, M.A.K., Milan,

M.I.H. and Hossain, M.M. 2008. Molecular characterization of five selected

brinjal {Solanum melongena L.) genotypes using SSR markers. Bangladesh

J. Genet. Plant Breed. 21(1): 01-06.

9 m-:?



2?^

Kranthirekha, G, and Celine, V.A. 2013. Correlation and path analysis studies in

round fruited brinjal. Veg. Set 40 (1); 87-89.

Kranthirekha, 0. 2011. Evaluation of round fhiited brinjal genotypes for yield,

quality and tolerance to fruit and shoot borer. M.Sc. (Hort) thesis, Kerala

Agricultural University, Thrissur, 177p.

Kumar, A, Kumar, S. and Yadav, Y.C. 2011. Variability studies for yield and yield

attributing characters in brinjal {Solarium melongena L.). Prog. Agric.

11(2): 486-488.

Kumar, A. and Shukla, A. 2002. Varietal preference of fruit and shoot borer,

Leucinodes orbonalis Guen. on brinjal. Insect Environ. 8 (1): 44.

Kumar, D. and Raghuraman, M. 2014. An overview of integrated management of

Leucinodes orbonalis in brinjal crop in eastern Uttar Pradesh, India. Plant.

Arch.\A{2y. 649-654.

Kumar, M. and Ram, H.H. 1998. Path analysis for shoot and fruit borer resistance

in brinjal {S. melongena). Ann. Agric. Res. 19 (3): 269-272.

Kumar, R., Prasad, K.K., and Singh, D.N. 1999. Heterosis in brinjal {Solanum

melongena L.). J. Res. 11: 217-221.

Kumar, S.R. and Arumugam, T. 2013. Variability, heritability and genetic advance

for fruit yield, quality and pest and disease incidence in eggplant Veg. Set

40(1): 111-113.

Kumar, S.R., Arumugam, T. and Anandakumar. C.R. 2013. Genetic Diversity in

Eggplant {Solanum melongena L.). Plant Gene. Trait. 4 (2): 4-8.

Kumar, S.R., Arumugam, T. and Premalakshmi, V. 2012. Evaluation and

variability studies in local types of brinjal for yield and quality {Solanum

melongena L.). Electr. J. Plant Breed. 3 (4): 977-982.

Kushwah, S. and Bandopadhya, B.B. 2005. Variability and correlation studies in

brinjal. Indian J. Hortic., 62: 210-212.

5WW



270

Lai, O.P., Sharma, R.K., Verma, T.S., Bhagchandani, P.M. and Chandra, J. 1976.

Resistance in brinjal to shoot and fruit borer {L orbonalis). Veg. Sci. 3:111-

116.

Lai, S., Vernia, G., and Pathak, M.M. 1974. Hybrid vigour for yield and yield

components in brinjal (Solanum melongem L.). Indian J Hortic. 31: 52-55.

Leena, B., Mehta, N. and Sabeena, F.A. 2013. Hybrid vigour studies in brinjal

(Solanum melongenaL.). Glob. J. Sci. Frontier Res. 13(9): 9-11.

Lohakare, A, S., Dod, Y. N and Peshattiwar, P. D. 2008a. Correlation and path

analysis studies in green fruited brinjal. Asian J. Hortic. 3 (1): 173-175.

Lohakare, A.S., Dod, V.N. and Peshattiwar, P.D. 2008b. Genetic variability in

green fruited brinjal. The Asian J. Hortic. 3:114-116.

Lush, J.L. 1940. Intra sire, correlation and regression of offspring on dam as a

method of estimating heritability of characters. Proceedings ofAmerican

Society of Animal Production. 33: 293-301.

Mak, C. and Vijayarungam, A.F. 1980.Variability in bacterial wilt resistance and

interrelationship of some characteristics of brinjal (S. melongena). SABRAO

J. 12: 65-73.

Makani, A.V. 2013. Heterosis and combining ability studies in brinjal (Solanum

melongena L) [Lecture notes]. Department of genetics and plant breeding.

B. A. College of agriculture, Anand Agricultural University.

Malik, Y.P. and Pal, R. 2013. Seasonal incidence of brinjal fruit and shoot borer

Leucinodes orbonalis (Guen.) on different germplasm of brinjal. Trends.

Biosci. 6 (4): 389-394.

Mallikaijun, S.B. 2002. Heterosis and combining ability in round fhiited brinjal

Solanum melongena L.). M.Sc. (Ag) thesis. University of Agricultural

Sciences, Dharwad, 120p.

Mandal, A.K., Pandit, M.K., and Maity, T.K. 1994. Heterosis in brinjal (Solanum

melongena L.). Crop Res. 8(2): 291-295.



211

Mankar, S.W., Kale, P.B., Dod, V.N., Wankhade, R.V., and Jadhao, BJ. 1995.

Heterosis in eggplant {Solarium melongena L.). Crop Res. 10: 331-337.

Marimuthu, M., Perumal, Y., Salim, A. P. and Sharma, G. 2009. Genetic similarity

of eggplant shoot and fruit borer, Leucinodes orbonalis populations. DNA

CellBioL 28:599-603.

McDaniel, R.G. 1972. Mitochondrial heterosis and complementation as

biochemical measures of yield. Nat. New Biol. 236: 190-191.

Michelmore, R.W., Paran, I and Kesseli, R.V. 1991. Identification of markers

linked to disease-resistance genes by bulked segregant analysis: A rapid

method to detect markers in specific genomic regions by using segregating

populations. Proc. Natl Acad. Sci. 88.- 9828-9832.

Miller, J.F., Hammond, J.J., and Roath, W. 1980. Comparison of inbred vs. single

cross testers and estimates of genetic effects in sunflower. Crop Sci. 20:

703-706.

Miller, P.A., Williams, V.C., Robinson, H.P. and Comstock, R.E. 1958. Estimates

of genotypic and environmental variances and covariance in upland cotton

and their implications in selection. Agron. J, 5: 126-131.

Mishra, N.C. and Mishra, S.N. 1996. Insecticides for management of brinjal shoot

and fruit borer, Leucinodes orbonalis Guen. S. Indian Hortic. 43: 171-173.

Mishra, P.N., Singh, V.Y. and Nautiyal, M.C. 1988. Screening of brinjal varieties

for resistance to shoot and fiuit borer {L. orbonalis). S. Indian Hortic. 36:

188-192.

Mishra, R. 1977. Hybrid vigour in brinjal {Solanum melongena L.). Madras Agric.

J. 64: 663-665.

Mishra, S.N. and Mishra, R.S. 1990a. Correlation and path coefficient analysis in

brinjal {Solanum melongena). Environ. Ecol. 8: 162-166.

Mishra, S.N. and Mishra, R.S. 1990b. Diallel analysis for combining ability in

brinjal. Indian J. Hortic. 47: 239-243.



29

Mishra, S.V., Warade, S.D. and Nayakwadi, M.B. 2008. Genetic variability and

heritability studies in brinjal. J. Maharashtra Agric. Univ. 33 (2): 267-268.

Mital, R.K., Singh, S.N., and Singh, H.N. 1976. Genetics of some characters in

brinjal {Solanum melongena L.). Veg. Sci. 3: 79-86.

Mode, C.J. and Robinson, H.F. 1959. Pleiotropism and the genetic variance and

cowaxiancQ. Biometrics. 15:518-537.

Mukhopadhyay, A. and Mandal, A. 1994. Screening of brinjal {Solanum

melongena) for resistance to major insect pests. Indian J. agric. Sci. 64: 798-

803.

Murthy, S.R.K.R., Lingaiah, H.B., Naresh, P., Vinaykumar R. P. and Satish, K.V.

2011. Heterosis for yield and yield attributing characters in brinjal {Solanum

melongena L.). Plant. Arch. 11(2): 649-53.

Nagai, K. and Kida, M. 1926. An experiment with some varietal crosses of

eggplants. Jpn. J. Genet. 4: 10-30.

Naik, V.C., Babu, P., Aijuna Rao, P.V. Krishnayya and Srinivasa Rao, V. 2008.

Seasonal incidence and management of Leucinodes orbonalis on brinjal.

Ann. Plant. Protec. Sci. 16: 329-332.

Nainar, P., Subbiah, R. and Irulappan, I. 1900. Path coefficient analysis in brinjal.

S. Indian Hortic. 38: 18-19.

Nair, M.G. 1983. Host resistance in brinjal varieties to the shoot and fhiit borer

{Leucinodes orbonalis, Lepidoptera, Pyralidae). M. Sc. (Ag) thesis, Kerala

Agricultural University, Thrissur, 150p.

Nalini, D., Patil, S.A., and Salimath, P.M. 2011. Study on genetic diversity and its

relation to heterosis in brinjal {Solanum melongena L.). Karnataka J. Agric.

Sci. 24: 110-113.

Naliyadhara, M.V, Golani, I.J, Mehta, D.R. and Purohit, V.L. 2007. Genetic

variability, correlation co-efficient and path analysis in brinjal. Orissa J.

Hortic. 35 (2): 92-96.



2-13

Narendrakumar and Hari Har Ram. 1987a. Combining ability and gene effect

analysis of quantitative characters in egg plant. Indian J. Agric. Sci. 57: 89-

102.

Narendrakumar and Hari Har Ram. 1987b. Genetic analysis of fhiit yield and its

components in brinjal. Prog. Hortic. 19: 53-57.

Narendrakumar. 1995. Inter-relationship of quantitative traits in brinjal. Madras

Agric. J. 82: 488-490.

Nathani, R.K. 1983. Studies on varietal susceptibility and chemical control of

brinjal shoot and fiuit borer {Leucinodes orbonalis Guen.) Thesis Abstr. 9:

51.

Nayak, K, Sreenivasulu, G.B, Prashanth, S.J, Jayaprakashnarayan, R.P,

Madalageri, M.B. and Mulge, R. 2009. Studies on genetic variability and its

importance in brinjal (Solanummelongena L.). Asian J. Hortic. 4 (2): 380-

382.

Nazir, M., Chaudhury, A., Iqbal, M.N. and Sadiq, M. 1995. Screening of

germplasm against insect pests of brinjal crop. Capsicum and Eggplant

News! 14: 85-86.

Neelima, J., Singh, Y.V. and Bhusan, B. 2008. Heterosis for different quantitative

traits in brinjal {Solanum melongena L.). Pantnagar J. Res. 6 (2): 266- 69.

Niranjana, R.F., Devi, M. Shanika, W. and PhilipSridhar, R. 2015. Influence of

biophysical characteristics of brinjal varieties on the infestation of brinjal

shoot and fhiit borer, Leucinodes orbonalis Guenee. J. Univ. Ruhuna. 3 (1):

21-28.

Numala, N. and Irene, V. 2016. Biophysical and biochemical characteristics of

Green Fruited Brinjal genotypes for resistance to Shoot and Fruit Borer

{Leucinodes orbonalis guenee. Electr. J. Plant Breed. 7(2):325-331.

Odland, M.L. and Noll, C.J. 1948. Hybrid vigour and combining ability in eggplants.

Proceedings of American Societyfor the Horticulture Science. 51: 417-422.



Ogunbodede, B.A. 1989. Comparison between three methods of determining the

relationships between yield and eight of its components in cowpea.

Scientia Hortic, 38: 201-205.

Pachiyappan, R., Saravanan, K., and Kumar, R. 2012. Combining ability analysis in

eggplant {Solanum melongena L.). Golden Res. Thoughts 2: 2231 -5063.

Padgilwar, T., Deshmukh, M. and Mahorkar, V.K. 2009. Correlation and path

analysis for biochemical constituents and fruit infestation in brinjal. Plant

^rcA.9(l):307- 308.

Padmanabham, V, and Jagadish, C.A. 1996. Combining ability studies on yield

potential of round fruited brinjal {Solanum melongena L.). Indian J. Genet.

56: 141-146.

Pal, B.P. and Singh, H.B. 1946. Studies in hybrid vigour II. Notes on the

Manifestation of hybrid vigour in brinjal and bittergourd. Indian! Genet.

Plant Breed. 6: 19-33.

Panda, H.K. 1999. Screening of brinjal cultivars for resistance to Leucinodes

orhonalis. Insect Enviorn. 4: 145-146.

Panda, N., Mahapatra, A. and Sahoo, M. 1971. Field evaluation of some brinjal

varieties for resistance to shoot and fruit borer {L orbonalis). J. Agric.

41: 597-601.

Panse, V.G. and Sukhatme, P.V. 1967. "Statistical Methods for Agricultural

Workers" Indian Council ofAgricultural Research, New Delhi, pp 152-161.

Patel, C.S. 1994. Diallel analysis in brinjal {Solanum melongena L.). M.Sc. (Ag)

thesis, Gujarat Agricultural University, Sardar Krushinagar, 105p.

Patel, H.R. 1984. Heterosis and combining ability in brinjal. M.Sc. (Ag) thesis,

Gujarat Agriculture University, Sardar Krushinagar, 95p

Patel, J.A., Godhani, P.R., and Fougat, R.S. 1994. Combining ability analysis in

brinjal {Solanum melongena L.). Gujarat Agric. Univ. Res. J. 19: 72-77.

51^-9



2c\'6

Patel, K.K. and Samaik, D.A. 2004. Correlation and path coefficient analysis in

brinjal {Solammmelongena L.). HaryamJ. Hortic. Sd.33 (3/4): 246-247.

Patel, K.K., Samaik, D.A., Asati, B.S., and Tirkey, T. 2004. Studies on variability,

heritability and genetic advance in brinjal (Solarium melongena L.). Agri.

Set Digest, 24: 256-259.

Patel, N.B. 2003. Diallel analysis for yield, its components and quality traits in round

fruited brinjal (Solarium melongena L.). M.Sc. (Ag) thesis, Gujarat

Agricultural University, Anand, lOOp.

Patel, N.T., Bhalala, M.K., Kathiria, K.B. and Doshi, K.M. 1999. Genetic

variability for yield and its components in brinjal (Solanum melongena).

Gujarat agric. Univ. Res. J 25: 77-80.

Pathania, N.K, Katoch, R. and Katoch, V. 2005. Correlation and path analysis for

some biometnc traits in brinjal (Solanum melongena L.). Ann. Biol 21(2):

193-197.

Patial, A., Mehta, P.K. and Chandel, R.S. 2008. Relative susceptibility of brinjal

genotypes to the shoot and fruit borer, Leucinodes orbonalis Guenee. Pest

Manag. Econ. Zool. 16 (2): 167-174.

Patil, H.S. and Shinde, Y.M. 1989. Combining ability in eggplant. Indian J. Genet.

49: 155-159.

Patil, P.N. 1991. Heterosis breeding in eggplant (Solanum melongena L.). M.Sc.

(Ag) thesis. University of Agricultural Sciences, Dharwad, 92p.

Patil, R.B. and Shinde, S.R. 1984. Heterosis in eggplant. J. Maharashtra Agric.

Univ. 9: 289-292.

Patil, R.V. 1998. Heterosis, combining ability and disease reaction studies in brinjal.

Ph.D. (Ag) thesis. University of Agricultural Sciences, Dharwad, 32p.

Patil, S.D., Warade, S.D., Badgujar, C.D., and Chaudhari, S.M. 2000. Generation

mean analysis in brinjal. J. Maharashtra Agric. Univ. 25: 37-39.

2 CD



Pawar, D.B., Mote, U.N., Kale, P.N. and Ajri, D.S. 1987. Promising resistant

sources for jassid and fruit borer in brinjal. Curr. Res. Reptr. Mahatma

Phule agric. Univ. 3: 81-84.

Payal, D., Preeti, G. and Vijay, K.K. 2015. Screening of some brinjal cultivars for

resistance toshoot and fruit borer (leucinodes orbonalis guenee). The

Bioscan. 10(1): 247-251.

Peter, K.V. and Singh, R.D. 1974. Combining ability, heterosis and analysis of

phenotypic variation in brinjal. Indian J Agric. Sci. 44: 393-399.

Ponnuswami, V. and Irulappan, I. 1994. Correlation studies in eggplant (Solanum

melongena). S. Indian Hortic. 42: 314-317.

Ponnuswami, V., Irulappan, 1., and Thamburaj, S. 1994. Heterosis in eggplant

{Solanum melongena L.). S. Indian. Hortic. 42: 50-52.

Prabhu, M. and Natarajan, S. 2008. Correlation and path analysis in brinjal. Madras

Agric. J. 95 (1-6): 184-187.

Prabhu, M., Natarajan, S., and Pugalendhi, L. 2005. Studies on heterosis and mean

performance in brinjal {Solanum melongena L.). Veg. Sci. 32: 86-87.

Prabhu, M., Natarajan, S., Veeraragavatham, D. and Pugalendhi, L. 2009. The

biochemical basis of brinjal shoot and fruit borer resistance in interspecific

progenies of brinjal. Eurasian J. Biosci. 3: 50-57.

Pradhan, S. 1994. Insect pests ofcrops. National Book Trust, India, p.96.

Prakash, H.T., Dharmatti, P.R., Patil, R.V., Kajjidoni, S.T. and Naik, K. 2008.

Heterosis for yield in brinjal {Solanum melongena L.). Karnataka J. Agric.

Sci. 21(3): (476-478).

Prakash, K.T., Shivashankar, K.T., and Gowda, P.H.R. 1993. Line x tester analysis

for hybrid vigour in brinjal {Solanum melongena L.). Prog. Hortic. 25: 123-

129.



3S\1'

Prakash, K.T., Shivashankar, R.T., and Gowda, P.H.R. 1994. Line tester analysis

for combining ability in brinjal {Solarium melongena L.). Crop Res. 8: 296-

301.

Praneetha, S., Rajashree, V. and Pugalendhi, L. 2011. Association of characters on

yield and shoot and fruit borer resistance in brinjal {Solarium melongena L.).

Electr. J. Plant Breed. 2(4); 574-577.

Pratibha., Singh, Y.V., and Gupta, A.J. 2004. Heterosis in brinjal {Solanum

melongena L.). Prog. Hortic. 36: 335-338.

Rai, M., Gupta, P.N. and Agrawal, R,C. 1995. Catalogue on eggplant (Solanum

melongena L) germplasm. National Bureau of Plant Genetic Resources,

New Delhi.

Rai, N. and Asati, B.S. 2011. Combining ability and gene action studies for fruit

yield and yield contributing traits in brinjal. Indian J. Hortic. 68: 212-215.

Rai, N., Singh, A.K. and Kumar, V. 1999. Improvement in long shape brinjal

hybrids. OrissaJ. Hortic. 26: 42-46.

Rai, N., Singh, K.A. and Samaik, D.A. 1998. Estimation of variability, heritability

and scope of improvement for yield components in round brinjal {S.

melongena). Agric. Sci. Digest 18:187-190.

Rajasekhar, P. 2014. Diallel analysis in brinjal {Solanum melongena L.). M. Sc.

(Ag.) thesis, Kerala Agricultural University, Trissur, 134p.

Rajput, J.C., Palve, S.B., Jamadagni, B.M., and Salvi, M.J. 1984. Heterosis in brinjal

{Solanum melongena L.). Agric. Sci. Digest, India. 4: 215-217.

Rajyalakshmi, R., Ravi Shankar, C., Prasad, D.M. and Rao, V.B. 1999. Genetic

variability in brinjal genotypes. The Andhra Agric. J. 46: 263-265.

Rakshit, S., Mohapatra, T., Mishra S.K., Dasgupta, S.K., Sharma, R.P and Sharma,

B. 2001, Marker assisted selection for powdery mildew resistance in pea

{PisumsativumL.).J. Genet. Breed. 55:343-348.



Ram, D., Singh, S.N., Chauhan, Y.S., and Singh, N.D. 1981. Heterosis in brinjal.

HaryanaJ. Hortic. Set 10: 201-206.

Ram, H. H. 1997. Vegetable breeding - Principles and Practices. Kaiyani

Publishers, New Delhi, p. 191.

Ramanujam, S. and Tirumalachar, D.K.. 1967. Genetic variability of certain

characters in red pepper {Capsicum annuum L.). Mysore J Agric. Sci. 1: 30-

36.

Ramar, A. and Pappaiah, C.M. 1993. Studies on heterosis and combining ability in

brinjal. Golden Jubilee Symposium abstracts. Horicultural Society of India.

1.1. H. R. Banglore, pp. 79.

Rameshkumar, S., Arumugam, T., Anandakumar, C.R. and Rajavel, D.S. 2012.

Estimation of heterosis and specific combining ability for yield, quality, pest

and disease incidence in eggplant {Solanum melongena L.). Bull Environ.

Pharmacol Life Scl 2 (1): 03-15.

Ramya, K. and Senthilkumar. N. 2009. Genetic daivergence, correlation and path

analysis in okra {Abelmoschus esculentus (L.) Moench). Madras Agric. J.

96 (7-12): 296-299.

Randhawa, J.S., Kumar, J.C. and Chadha, M.L, 1993. Path analysis for yield and

its components in round brinjal (Solanum melongena L.). Punjab Hortic. J.

33:127-132.

Randhawa, J.S., Kumar, J.C., and Chadha, M.L. 1991. Line x Tester analysis for the

study of some economic characters in brinjal. J. Res. Punjab Agric. Univ.

28: 192-198.

Rao, T.K.B. 1934. Partial sterility in the first generation plants of crosses between

vride varieties of common eggplant. Curr. Scl 2: 258-286.

Rao, Y.S.A. 2003. Diallel analysis over environments and stability parameters in

brinjal (Solanum melongena L.). Ph.D. (Ag) thesis, Gujarat Agricultural

University, S. K. Nagar, 112p.



211

Rashid, M.A., Mondal, S.N., Ahmed, M.S., and Sen, D.K. 1988. Genetic variability,

combining ability estimates and hybrid vigour in eggplant. Thailand J.

Agric. Set 21: 51-61.

Raut, U.M. and Sonone, H.N. 1980. Tolerance in brinjal varities to shoot and fruit

borer (Leucinodes orbonalis Guen.).Feg. Set 7: 74-78.

Ravishankar, K.V., Anand, L and Dinesh, M.R. 2000. Assessment of genetic

relatedness among a fe\v Indian mango cultivars using RAPD markers. The

J. Hortic. Set and BioteehnolJS: 198-201.

Rawlings, J.C. and Cockerham, C.C. 1962. Triallel analysis. Crop Set 2: 228-231.

Reddy, E.E.P. and Patel, A.I. 2014. Heterosis studies for yield and yield attributing

characters in Brinjal (Solanum Melongena L.). Scholarly J. Agric. Sci. 4:

109-112.

Regupathy, A., Palanisamy, S., Chandramohan, N. and Gunathilagaraj, K. 1997. A

guide on crop pests. Sooriya Desk Top Publishers, Coimbatore, 264 pp.

Robinson, H.F, Comstock, R.E. and Harvey, P.H. 1949. Estimation of heritability

and degree of dominance in com. Agron. J. 41: 35-59.

Sadasivam, S. and Mainckam, A. 1996. Biochemical methods for agricultural

sceiences. Wiley Eastern Ltd., New Delhi, 246p.

Sambandam, C.N. 1962. Heterosis in eggplant {Solanum melongena L.). Economic

Bot. 16; 71-76.

Sane, S.C., Bhalekar, M.N., Patil, B.T., Dhumal, S.S., Gaikwad, A.N., and

kshirsagar, D.B. 2011. Combining ability for yield and yield contributing

characters in brinjal {Solanum melogena L.). Asian J. Hortic, 6: 215-217.

Sao, A. and Mehta, N. 2010. Heterosis in relation to combining ability for yield and

quality attributes in Brinjal {Solanum melongena L.). Electr. J. Plant Breed.

1:783-788.



306

Sawant, S.V., Desai, U.T.,Kale, P.N., and Joi, M.B. 1991. Combining ability studies

in eggplant for wilt resistance and yield characters. J. Maharashtra Agric.

Univ. 16: 343-346.

Senapathi, A.K. and Senapathi, B.K. 2006. Character association to infestation by

shoot and fruit borer in brinjal. Indian J. Agric. Res. 40(1): 68-71.

Senapati, A.K. 2003. Comparative susceptibility of different brinjal cultivars

against brinjal fruit and shoot borer, Leucinodes orbonalis Guen. J.

Interacademia. 7(1): 127-129.

Shafeeq, A. 2005, Heterosis and combining ability studies in brinjal {Solanum

melongena L.). M.Sc. (Ag) thesis. University of Agricultural Sciences,

Dharwad, 103p.

Shankaraiah, V. and Rao, R.R. 1990. Studies on heterosis for growth characters and

earliness in brinjal. Veg. Sci. 17: 56-62.

Shanmugapriya, P., Ramya, K. and Senthilkumar, N. 2009. Studies on combining

ability and heterosis for yield and growth parameters in brinjal (Solanum

melongena L.) Crop sci. 36: 68-72.

Sharma, T.V.R.S. and Swaroop, K. 2000. Genetic variability and characters

association in brinjal (Solanum melongena). Indian J. Hort. 57: 59-65.

Shashank, P.R., Rakshith, O., Venkatesan, T., Jalali, S.K. and Bhanu, K.R.M. 2015.

Molcular characterization of brinjal shoot and fruit borer (Leucinodes

orbonalis) based on mitochondrial marker cytochrome oxidase I and their

phylogenetic relationship. Indian J. Exp. Biol. 53:51-55.

Sherly, J. and Shanthi, A. 2009. Variability, heritability and genetic advance in

brinjal (Solanum melongena L.). Res. on Crops. 10 (1): 105-108.

Shinde, K.G., Bhalekar, M.N. and Patil, B.T. 2012. Characterization of brinjal

(Solanum melongena L.) germplasm. Veg. Sci. 39 (2); 186-188.

Shinde, K.G., Warade, S.D. and Kadam, J.H. 2009. Correlation studies in brinjal

(Solanum melongena L.). Int. J. Agric. Sci. 5 (2): 507-509.



301

Shinde, K.G., Warade, S.D. and Kadam, J.H. 2009. Correlation studies in brinjal

{Solanum melongena L.), Int. J. Agric. Sci. 5 (2): 507-509.

Shinde, S.R. and Patil, R.B. 1984. Line x Tester analysis for the study of combining

ability in brinjal. y. Maharashtra Agric. Univ. 9: 163-165.

Shrivastava, H.K. 1972. Mitochondrial complementation and hybrid vigour. Indian.

J. Genet. 32:215-228.

Shukla, A. and Khatri S.N. 2010. Incidence and abundance of brinjal shoot and fruit

hortr Leucinodes orbonalis GntnQQ. The Bioscan, 5(2): 305-308.

ShuU, G.H. 1908. The composition of a field of maize. Ann. Report. Amer. Breeders

Assoc. 4: 296-301.

ShuU, G.H. 1909. A pure line method of com breeding. Ann. Reprt. Amer. Breeder's

Assoc. 5: 51-59.

Sidhu, A.S. and Chadha, M.L. 1985. Heterosis and per se performance studies in

brinjal. Indian J. Hortic. 42: 107-111.

Sidhu, A.S., Bhutani, R.D., Kallo, G., and Singh G.P. 1980. Genetics of yield

components in brinjal (Solanum melongena L.). HaryanaJ. Hortic. Sci. 9:

160-164.

Singh N. B.,Paul, A., Warn. S. H. and Laishram, J., M. 2012. Heterosis studies for

yield and its components in tomato (Solanum lycopersicum L.) Under

Valley Conditions of Manipur, Int. J. Life Sci. 1 (3): 224-232.

Singh, A.KL, Pan, R.S., Rai, M., and Krisnaprasad, V.S.R. 2004. Heterosis for yield

and its contributing attributes in brinjal (S. melongena L.). Veg. Sci. 27: 20-

25.

Singh, A.K., Tripathi, M.K., Rai, V.K. and Mishra, R. 2011. Character association

and path coefficient analysis in brinjal (Solanum melongena L.). Environ.

Ecol. 29 (3): 1201-1203.

Singh, B. and Kumar, N. 1978. Hybrid vigour in brinjal (Solanum melongena L.).

HaryanaJ. Hortic. Sci. 7: 95-99.



3^

Singh, B. and Singh, A.K. 2004. Gene effects for various quantitative traits in brinjal

{Solanum melongena L.). Crop Res. 27: 109-110.

Singh, B., Joshi, S., and Kumar, N. 1988. Studies on hybrid vigour and combining

ability in brinjal {Solanum melongena L.). Veg. Set 15: 72-78.

Singh, D. and Sindhu, A.S. 1988. Management of pest complex in brinjal. Indian

J. Entomol. 48: 305-353.

Singh, D.P., Prasad, V.S.R.K., and Singh, R.P. 1991. Combining ability in eggplant.

Indian J. Hortic. 48: 52-57.

Singh, H. and Kalda, T.S. 1989. Heterosis and genetic architecture of leaf and yield

characters in eggplant. Indian J. Hortic. 46: 53-58.

Singh, H. and Nandpuri, K. S. 1974. Genetic variability and correlation studies in

Qg'g^\mX{Solanum melongenah.). J. Res. PAU, 11: 150-157.

Singh, N.D. and Mital, R.K. 1988. Genetics of yield and its components in eggplant

Indian J. Agric. Sci. 58: 402-403.

Singh, O. and Kumar, J. 2005. Variability, heritability and genetic advance in

brinjal. Indian J. Hortic. 62 (3): 265-261.

Singh, P.K. and Gopalakrishnan, T.R. 1999. Variability and heritability estimates

in brinjal {Solanum melongena). S. Indian Hortic. 47: 176- 178

Singh, R. and Maurya, A.N. 2005. Hybrid vigour in eggplant {Solanum melongena

L). Prog. Hortic. 37; 100-105.

Singh, R.K.R., Devjani, P. and Singh, T.K. 2009. Population dynamics of

Leucinodes orbonalis. Annals. Plant Prot. Sci. 17 (2): 486-487.

Singh, S.N., Chauhan, Y.S., and Singh, N.D. 1981. Combining ability analysis for

some quantitative characters in eggplant. Haryana J. Hortic. Sci. 10:95-101.

Singh, S.N., Singh, H.N., Singh, N.D., and Jain, B.P. 1978. Hybrid performance in

brinjal. Haryana J. Hortic. Sci. 7: 74-77.



3^3

Singh, S.P. andNath, P. 2010.Cultural and biophysical management of brinjal shoot

and fruit borer {Leucinodes orbonalis). A Biannual New letter of the (CIPS)

in corporation with the (IRAC) and (WRCC- 60). 20: 42- 43.

Singh, Y.P. and Singh, P.P. 2001. Screening of brinjal {Solarium melongena L.)

cultivars against shoot and fruit borer (Leucinodes orbonalis Guen.) at

medium high altitude hills of Meghalaya./w£^ia/7J Plant Prot. 29(1/2): 34-

38.

Sinha, S.K. 1983. Path coefficient analysis for some quantitative characters in

brinjal {Solanum melongena). Madras Agric. J 70: 351-354.

Sivakumar, V. 2015. Studies on heterosis, combining ability and stability for yield

and it's components in brinjal {Solanum melongena L.). PhD. (Hort) thesis.

Dr. Y. S. R. Horticultural University, Venkataramanagudem, West

Godavari, 342p.

Smith, F.H. 1937. A discriminate function for plant selection. Ann. Eugen. 7: 240-

250.

Solaimana, A.H.M., Nishizawa, T., Khatun, M. and Ahmad, S. 2015. Physio

Morphological Characterization Genetic Variability and Correlation

Studies in Brinjal Genotypes of Bangladesh. Comp. and Math. Biol 4 (1):

1-36.

Sprague, G.F. and Tatum, L.A. 1942. General Vs. specific combining ability in

single cross of com. J. Amer. Soc. Agron. 34: 983-992.

Sprague, G.F. and Thomas, W. 1967. Future evidence of epistasis in single and

three-way crosses for yield of maize. Crop Set. 1; 355-356.

Sprague, G.F., Rusell, O.A., Penny, L.H., and Hanson, W.D. 1962. Epistatic gene

action and grain yield in maize. Crop Set 21: 205-208.

Srinivas, S.V. and Peter, C. 1995. Field evaluation of brinjal cultivars against shoot

and fruit borer. Leucinodes orbonalis Guen. J. Insect. Sci. 8: 98-99.



30k

Srinivasan, R. 2008. Integrated Pest Management for eggplant fruit and shoot borer

{Leucinodes orbonalis) in South and Southeast Asia: Past, Present and

Future.^ Biopesticides. 1(2): 105-112.

Srivastava, O.P. and Bajpai, P.N. 1977. General vs. specific combining ability in

eggplant. Indian! Agric. Sci. 47: 181-184.

Subbratanam, G.V. and Butani, D.K. 1981. Screening of eggplant varieties for

resistance to insect pest complex. Veg. sci. 8; 149 - 153.

Suneetha, Y. and Kathiria, K.B. 2006. Heterosis for yield, quality and physiological

characters in late summer brinjal. J. Res. ANGRAU34: 18-24.

Suneetha, Y., Kathiria, K.B., Patel, J.S., and Srinivas, T. 2008. Heterosis and

combining ability in late summer brinjal. Indian! Agric. Res. 42: 171-176.

Tatesi, T. 1927. On the first generation hybrid of eggplants. Central Bulletin on

Hortic. Japan. 187: 19-21.

Tewari, G.C. and Krishnamoorthy, P.N. 1985. Field response of egg plant varieties

to infestation by shoot and fi-uit borer. Indian !. Agric. Sci. 55: 82-84.

Thangamani, C. and Jansirani, P. 2012. Correlation and path coefficient analysis

studies on yield attributing characters in brinjal. Electr! Plant Breed. 3 (3):

939-944.

Timmapur, P.H., Dharmatti, P.R., Patil, R.V., Kajjidoni, S.T., and Naik, K. 2008.

Heterosis for yield in brinjal {Solanum melongena L.). Karnataka !. Agric.

Sci. 21:476-478.

Tragoonrung, S., Kanazin, V., Hayes, P.M. and Blake, T.K. 1997. Sequence tagged

site facilitated PGR for barley genome mapping. Theor. Appl. Genet.

84:1002-1008.

Tripathi, M.K., Singh, A.K., Singh, B.K. and Rat, V.K. 2009. Genetic variability,

heritability and genetic advance among different quantitative characters of

brinjal {Solanummelongena L.). Haryana! Hortic. Sci. 38 (3/4): 334-335.

9^9



305

Tsydal, H.M., Kiesseibach, T.A., and Westover, H.L. 1942. Alphalpha breeding.

Nebraska Agric. Expt. Sta. Res. Bull. p. 124.

Ushakumari, R. and Subramanian, M. 1993. Causal influence of background traits

on fruit yield in brinjal. Indian J. Hortic. 50: 64-67.

Vadivel, E. and Bapu, J.R.K. 1989. Genetic variability estimates in the germplasm

collections of eggplant. S. Indian Hortic. 37: 13-15.

Vadivel, E. and Bapu, J.R.K. 1991. Metroglyph and Index Score Character analysis

of some exotic eggplants. 5". Indian Hortic. 39: 164-165.

Vadivel, E. and Bapu, J.R.K. 1998. Correlation studies in Solanum melongena.

Capsicum and Eggplant Newsl. 7:84-85.

Vadodaria, M.A., Dobariya, K.L. Chovatiya, V.P., and Mehta, D.R. 2008.

Combining ability studies for fhiit yield and fruit borer resistance in brinjal

{Solanum melongena L.) Crop Improv. 35: 195-199.

Vadodaria, M.A., Mehta, D.R., Bhatiya V.J., and Dobariya, K.L. 2004. Combining

ability for earliness and plant stature in brinjal {Solanum melongena L.).

Gujarat J. Appl Hortic. 4 &5(1 & 2): 71-77.

Varma, S. 1995. Variability and heterosis in green fruited brinjal {Solanum

melongena. L). M. Sc. (Ag) thesis, Kerala Agricultural University, Thrissur,

138p.

Varshney, N.C., Singh, Y.V., and Singh, B.V. 1999. Combining ability studies in

brinjal {Solanum melongena L.). Veg. Sci. 26: 41-44.

Vavilov, N.I. 1928. Geographical centres of our cultivated plants. Proc. S"' Int.

Congr. Genetics, Nevvyork, 342- 369pp.

Venkataramani, K.S. 1946. Breeding brinjals {Solanum melongena L.) in Madras.

Hybrid vigour in brinjal. Proceedings ofAcademic Science Section B, 23:

262-273.

Verma, S. 1986. Combining ability studies in brinjal {Solanum melongena L.). Prog.

Hortic. 18: 111-113.

S60



2pi>

Verma, S., Kumar, J.C., and Chadha, M,L. 1986. Heterosis studies in brinjal

{Solarium melongena L.). Prog. Hortic. 18: 213-215.

Vijay, O.P. and Nath, P. 1978. Studies on heterosis and development of hybrid

variety in brinjal. Indian J. Hortic. 35: 229-234.

Vijay, O.P., Nath, P., and Jalikop, S.H. 1978. Combining ability in a diallel cross of

brinjal. Indian J. Hortic. 35: 35-38.

Wagh, S.S., Pawar, D.B., Chandele, A.G. and Ukey, N.S. 2012. Biophysical

mechanisms of resistance to brinjal shoot and fruit borer, Leucinodes

orbonalis guenee in brinjal. Pest Manag. Hortic. Ecosyst. 18(1): 54-59.

Wright, S., 1921, Correlation of caustion. J. Agril. Res. 20: 202-209.

Yadav, D.S. and Sharma, M.M. 2005. Evaluation of brinjal varieties for their

resistance against fruit and shoot borer, Leucinodes orbonalis Guenee.

Indian J. Entomol. 61 (2): 129-132.

Yadav, V., Mehta, N., Smita, B., Ranga, R.E. and Sahu, E. 2014. Variability and

Heritability estimates in the germplasm collection of egg Plant {Solanum

melongenaL.). Trends. BioSci. 7(21): 3482-3484.

Yang, D.E., Zhang, D.S., Jin, D.M., Weng, M.L. and Chen, S.J. 2004. Genetic

analysis and molecular mapping of maize {Zea Mays L.) stalk rot resistant

geneRfgl. Theor. Appl. Genet. 108:706-711.

Zeven, A.C. and Zhukovsky, P.M., 1975, Dictionary of cultivated plants and their

centres of diversity, Wageningen, Netherlands, pp. 219.



301

INHERITANCE OF YIELD AND RESISTANCE TO SHOOT

AND FRUIT BORER {Leucinodes orbonalis GUEN.) IN

BRINJAL {Solanum melongena L.)

GANGADHARA. K

(2012-21 - 125)

ABSTRACT

of the thesis submitted in partial fulfilment of

the requirement for the degree of

DOCTOR OF PHILOSOPHY IN AGRICULTURE

Faculty of Agriculture

Kerala Agricultural University

DEPARTMENT OF PLANT BREEDING AND GENETICS

COLLEGE OF AGRICULTURE

VELLAYANI, THIRUVANANTHAPURAM - 695 522

KERALA, INDIA

2017



3o«

ABSTRACT

The present study entitled "Inheritance of yield and resistance to shoot and fruit

borer {Leucinodes orbonalis Guen.) in brinjal {Solanum melongena L.)" was conducted

at College of Agriculture, Vellayani during 2012-15 with the major objective to study

the genetic basis of yield, yield attributes and developing high yielding shoot and fruit

borer resistant varieties of brinjal. Molecular comparison of resistant and susceptible

segregants will also be done

In the first experiment, 60 genotypes were evaluated using RED with two

replications. Evaluation was carried out in both kharif and rabi seasons for yield as

well as for shoot and fruit borer resistance in two parallel experiments. Analysis of

variance revealed significant difference among the accessions for all the characters

under study. High PCV and GCV were recorded for plant height, number of primary

branches planf^ intra cluster distance, number of fruits plant"', length of fhiits, girth

of fruits, fruit weight, fiiait yield plant"' and shoot and fruit infestation. High heritability

coupled with high genetic advance as per cent mean was observed for plant height,

number of primary branches plant"', intra cluster distance, inter cluster distance,

number of fruits plant*', length of fruits, girth of fruits, fruit weight, fhiit yield plant"'

and shoot and fhiit infestation in both seasons.

Fruit yield plant"' showed significant positive correlation with fhiits plant"',

fruit weight, fruit girth, plant height, number of primary branches plant"', fruit length

and percent of long styled flowers in both the seasons at phenotypic and genotypic

level. Path coefficient analysis revealed that fruits plant"' showed high positive direct

effect on yield followed by fruit weight, per cent long styled flowers, per cent medium

styled flowers and days to first harvest in both the seasons. SM 36 followed by SM 2,

SM 9, SM 14 and SM 21 was having the highest selection index values based on

discriminant function analysis in both the seasons. Screening of 60 accessions based

on the per cent of infested shoots and fruits were recorded at 10 days interval from 30
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to 100 DAT. The minimum per cent of shoots and fruits infestations was recorded in

SMI followed by SM 60 and SM 59 in both kharif and rabi season.

The second experiment was laid out in RBD with three replications with five

high yielding susceptible genotypes namely SM 36, SM 2, SM 9, SM 14 and SM 21

along with three resistant genotypes viz., SM 1, SM 60 and SM 59. These were crossed

to produce fifteen hybrids in a line x tester pattern with Haritha as check. Heterosis and

combining ability were estimated for plant height, primary branches plant"', days to

first flowering, per cent long styled flowers, per cent medium styled flowers, per cent

short styled flowers, fruit length, tuit girth, fhiit weight, fhiits plant*', days to first

harvest, days to last harvest and ftuit yield plant"'. Analysis of variance revealed

significant differences among the genotypes for all the traits studied.

The maximum standard heterosis for yield per plant was observed in the cross

Raidurg Local X Pusa Purple Cluster followed by lC-433678 X IC-89986, Jagaluru

Local X Vellayani Local, IC-345271 X Pusa Purple Cluster and Tiptur Local X Pusa

Purple Cluster. The hybrid IC-433678 X IC-89986 and Raidurg Local X Pusa Purple

Cluster showed high significant standard heterosis for number of fruits plant*', long

styled flowers, fhiit weight, days to first harvest and days to last harvest.

The gca values revealed that two lines (IC- 433678 and Raidurg local) and one

tester (Pusa Purple Cluster) as good general combiners for fhiit yield plant"'. These

lines and testers were also best combiner for yield component characters like number

primary branches plant"', days to first flowering, per cent medium styled flower, per

cent long styled flowers, number of fhiits plant"' and length of fruit. The estimates of

specific combining ability effects indicated that IC-433678 X IC-89986, Tiptur Local

X Vellayani Local, Raidurg Local X Pusa Purple Cluster, Jagaluru Local X Vellayani

Local and IC-345271 X Pusa Purple Cluster were most promising for fmit yield plant*

'. Out of fifteen hybrids screened for shoot and fhiit borer resistance at lOdays interval
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from 30 to 100 DA, the hybrids IC-433678 X IC-89986 and Raidurg Local X Pusa

Purple Cluster were found highly resistant.

In the third experiment, high yielding hybrids IC-433678 X IC-89986 and

Raidurg Local X Pusa Purple Cluster with shoot and fruit borer resistance were further

advanced to F2 generation to carry out the bulk segregant analysis. The pools

contrasting for shoot and fhiit borer resistance were analyzed with 22 RAPD primers

along with their respective parents and three primers namely OPC-4, OPL-9 and OPO-

20 has shown polymorphic band between the bulks. In the present study two superior

crosses IC-433678 X IC-89986 and Raidurg Local X Pusa Purple Cluster were

identified which could be further carried forward carry forward to develop a resistant

varieties to shoot and fruit borer. The three primers namely OPC-4, OPL-9 and OPO-

20 can be used to develop a scar marker which could be used further resistance

breeding.
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