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Introduction



1. INTRODUCTION

Chilli is a widely used vegetable / spice crop cultivated throughout India. It
is consumed both in unripe (green) and ripe (red) forms. It is a rich source of
vitamin C. It also contains vitamin A, vitamin B and minerals (Singh, 2007).
Vitamin C content of fresh Chilli is 50 mg per 100 g and that of dry chilliis 111 mg
per 100 g. It can also provide Carotene, Thiamine, Riboflavin and Niacin. High
carbohydrate content is observed in dry chilli (31.6g/100g) compared to green chilli
(3g/100g). Pungency in chilli is due to presence of an alkaloid “capsaicin”

contained in the pericarp and placenta of fruits (Pandit and Adhikary, 2014).

Bird chilli (Capsicum frutescens L.) or bird’s eye chilli is a stimulating herb
renowned for aroma, taste, flavour and pungency. It is Kerala’s “kanthari mulaku”.
Besides its culinary use, it possesses many medicinal and nutritional values. It
contains vitamin A and act as an anti-oxidant and anti-inflammatory agent. Bird
chilli or cayenne pepper is widely used to treat stomach ulcers, cold, sore throat,
fevers and cholesterol aggregation, thus prevents the risk of heart attacks and
strokes. Most important thing is that chilli helps to fight prostate cancer by killing
prostate cancer cells themselves. Some hot varieties of chilli can be used as a
remedy for painful joints and to stop bleeding. Daily use of this hot chillies can
stimulate blood flow to the affected area and reduce discomfort and inflammation.

Thus bird chilli has a beneficial effect on the circulatory system (Kang, 1992).

Chilli belongs to the family Solanaceae, and is indigenous to Central and
South America. The genus Capsicum includes 22 wild species, many varieties
(Bosland, 1994) and five domesticated species namely Capsicum annuum, C.
frutescens, C. chinense, C. pubescens and C. baccatum (Pozzobon et al., 2006;
Moscone et al., 2007). Chilli (Capsicum frutescens L.; 2n = 2x = 24) is a self-
pollinated vegetable; but a few percentage of cross pollination (15-16%) may

happen by insects (Ullah ez al., 2011).



India is the leading country in the production of chillies contributing 41.11 per
cent of the world’s production. India is the only country which is rich in many varieties
of chilli with different quality factors. It is presently grown extensively throughout the
country under rainfed and irrigated conditions (Kallu and Ravindran, 2004). In India
chilli is cultivated in 7. 94 lakhs hectare, its production is 1304 million tonnes and
productivity is 1.6 million tonnes per hectare (Kumar, 2013). Bird chilli (C. frutescens
L.) is commercially cultivated only in Mizoram (approximately 140 hectare with
annual production of 560 tonnes) and in some areas of Manipur (approximately 122
hectare with annual production of 488 tonnes) whereas in other areas it is widely grown

as a homestead crop (Baruah and Baruah, 2004).

Even though chilli is an important vegetable crop some major factors
responsible for the low productivity are lack of varieties adapted to different agro-
climatic conditions and resistant to pests and diseases. Among pathogenic diseases,
more than 45 viruses have been reported infecting chilli worldwide (Green and Kim,
1991). ‘Leaf curl’ is considered to be one of the major limiting factors in chilli
production. The damage starts at nursery stage and causes considerable yield loss in
chilli up to 50 % (Meena et al., 2006). Growing resistant or tolerant varieties is the best
option to control the danger. Collection and evaluation of genotypes for high yield and
resistance to biotic stress are important in crop improvement. According to Konai and
Nariani (1980) only limited research work has been done in bird chilli. Among 33
indigenous and exotic collections of chilli including five Capsicum spp., IC 31339 (C.
frutescens), Pant C-1, Pant C-2 (Capsicum annuum L.) and C. angulosum were tolerant

to leaf curl virus.

The present investigation is aimed at developing breeding materials in bird chilli,
which can be further utilised for production of high yielding leaf curl complex resistant

varieties in bird chilli.



Hence the present investigation was undertaken with the following objectives:

1. To study variability and heritability for yield and yield components in
Capsicum frutescens genotypes.

2. To estimate the genotypic correlations and direct and indirect effects of
component characters on yield by path analysis.

3. To identify high yielding genotypes of bird chilli resistant to leaf curl.
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2. REVIEW OF LITERATURE

The literature available on various aspects of the present investigation
“Evaluation of genotypes for yield and resistance to leaf curl in bird chilli (Capsicum

frutescens L.)” is reviewed here.

2. 1 GENETIC DIVERGENCE

Genetic improvement in any crop mainly depends upon the amount of genetic
variability present in the population. The importance of genetic diversity in crop plants
was first realized by Darwin (1859) and the term “morphism” employing genetic
morphs was given by Huxley (1955) which means the existence of distinct genetic

forms in balance in a population.

Ortiz et al. (2010) studied dendrogram by using average linkage clustering
method in 42 Capsicum accessions and these accessions are grouped into five cluster
groups. Fourth Group had highest accessions (24) followed by third group (8), second
group (6), fifth group (3) and first group with single accession.

Thirteen wheat genotypes were grouped into four clusters based on dendrogram
analysis and Euclidian distance matrix and reflected highest diversity was between
PBW343 and HS375 while minimum was between RSP564 and RSP561 (Singh et al.,
2014).

Prasad et al. (2013) studied 10 chilli pepper varieties and reported four cluster
groups are generated by dendrogram. Average genetic similarity index revealed 100%
similarity between first cluster varieties, 50% similarity between second cluster
varieties and fourth cluster varieties and 32% genetic similarity between varieties of

third cluster.



Indigenous and exotic origin of 40 C. annuum genotypes were subjected to
diversity analysis and based on D? values the genotypes were grouped into 8 clusters.
Fresh fruit weight and number of fruits per plant had the highest contribution towards

divergence (Karad et al., 2002).

Senapati et al. (2003) reported genetic divergence in chilli and the genotypes
were clustered into 6 groups with maximum divergence between clusters Il and V. The
characters contributing towards divergence were fresh fruit weight, fruit girth, fruit

length and number of fruits per plant.

Sreelathakumary and Rajamony (2004) studied genetic diversity in 35 chilli
genotypes for various characters. Based on D? values, the genotypes were clustered
into 6 clusters. The maximum inter cluster distance was observed between cluster II
and cluster VI. The cluster V recorded maximum intra cluster distance. The characters
viz., fruits per plant, yield per plant, fruit length, fruit girth and fruit weight were

contributing maximum divergence.

Smitha and Basavaraja (2006) revealed by using Mahalanobis D? analysis that
40 chilli genotypes were grouped into 8 clusters. The maximum intra and inter cluster
distance were observed for cluster A and between cluster E and H respectively. The
maximum relative contribution to the total divergence was made by number of fruits
per plant, fruit yield, number of primary branches, number of secondary branches,

seeds per fruit, plant spread, fruit weight and fruit length.

Forty nine bird chilli genotypes were grouped into five clusters based on
Mabhalanobis D? values. The inter cluster distance was maximum between cluster I and
III and minimum was between clusters III and IV. Cluster III had least intra cluster

distance and cluster I had highest intra cluster distance (Mathew, 2006).



Thul et al. (2009) studied phenotypic divergence of 24 chilli accessions and
carried out multivariate analysis for 12 quantitative traits and one qualitative trait and
these were grouped into 6 clusters with distinct identity of clusters V and VI. Fruit
diameter, number of fruits per plant and leaf diameter played the greatest role in

differentiation.

Farhad ef al. (2010) studied 14 quantitative characters and genetic diversity
analysis was conducted with 45 chilli genotypes which were fallen into six clusters.
The maximum inter cluster distance was observed between clusters II and IV and
minimum was between clusters I and IV. Maximum intra cluster distance was for
cluster II and minimum was for cluster I. Plant height and number of secondary

branches contributed maximum divergence.

Kumari et al. (2010) evaluated 94 paprika (Capsicum annuum) accessions for 17
characters based on D? values and they were grouped into 10 clusters. Cluster I was the
largest which comprised of 24 genotypes and the cluster distances ranged from 856.7

to 15789.6.

Datta and Jana (2011) reported genetic divergence of 65 chilli genotypes which
were grouped into 11 clusters. The clustering pattern revealed that there was no
association of' species and geographical distribution for the formation of cluster in
genetic divergence. The characters that contributed to maximum divergence were
number of primary branches per plant, days to first flowering, ascorbic acid content in

fruit and extractable fruit colour.

Hasanuzzaman and Golam (2011) reported that 20 accessions of chilli were
grouped into 6 clusters. The highest intra cluster divergence (1.7153) for cluster VI was
invariably smaller than the lowest inter cluster divergence between cluster III and
cluster VI (3.247). Yield per plant, plant height, days to 50% flowering and fruits per

plant were played the greatest role in differentiation.



Eleven landraces of Capsicum annuum were quantified by multivariate analysis
for phenotypic divergence in 7 morphological traits. By using generalized Mahalanobis
distances genotypes were grouped into 3 clusters. Accessions FTC-6 (cluster II) and
FTC-11 (cluster III) had distinct identity. The characters that played greatest role in
divergence were number of fruits per plant, fruit diameter, placenta weight and fruit

length (Lahbib et al., 2013).

Yatung et al. (2014) studied genetic diversity in 30 chilli genotypes by grouping
into 6 clusters. Cluster III contained highest number of genotypes (14) followed by
cluster I (9), cluster VI (3), cluster II (2) and cluster IV and V which had one genotype
each. The highest inter cluster distance was reported between clusters Il and IV and the
lowest was between cluster I and IV. Cluster III has exhibited highest intra cluster
distance and the lowest was in cluster II. Capsaicin content and ascorbic acid content

were the main contributors towards divergence.

Fifty four chilli (Capsicum annuum L.) genotypes were found to be fallen into
seven clusters based on Mahalanobis D statistics. Cluster II contained the highest
number of chilli genotypes (thirteen), followed by cluster I constituted by ten chilli
genotypes. Cluster III was composed of single genotype BSMRAU Sel-7, which
indicated that this genotype is totally different from other genotypes. Cluster 1V, VI
and VII constituted of nine genotypes each. Cluster V comprised of three chilli
genotypes. The highest inter cluster distance was between cluster I and cluster III and
the lowest was between cluster II and VII. The characters which contributed more
divergence were yield per plant, canopy breadth, number of secondary branches per

plant, plant height and number of seeds per fruit (Hasan ef al., 2014).
2.2. VARIABILITY

For the selection of superior genotypes from a population, variability with respect

to different characters is an essential requisite. A number of workers analysed



variability for different characters in chilli (Capsicum spp.) and their findings are

presented below.

Munshi and Behera (2000) concluded existence of considerable amount of
genetic variability for number of fruits per plant, fruit weight, fruit length and yield per

plant in a study involving 30 chilli (C. annuum) genotypes.

Ibrahim et al. (2001) studied 17 genotypes of chilli and reported high variability
for fruit length followed by dry fruit weight and number of branches per plant. Mishra
et al. (2001) studied nine genotypes of chilli for fruit characters and found considerable

variability for number of fruits per plant and fruit length.

Gogoi and Gautam (2002) studied 52 chilli (Capsicum spp.) cultivars and lines
with regard to yield components and observed significant variation for all the

characters.

Analysis of variance of eight yield components in 13 chilli cultivars revealed
considerable variability among various components (Rathod et al., 2002). Acharya et
al. (2002), Nandadevi and Hosamani (2003a) and Prabhudeva (2003) also reported

wide range of variation for most of the characters studied in chilli.

Sreelathakumary and Rajamony (2003b) observed variation for all the characters
studied in bird pepper (Capsicum frutescens L.). Analysis of variance showed
significant differences among the accessions for plant height, stem girth, leaf area, leaf
petiole length, number of fruits per plant, fruit length, fruit girth, fruit weight and yield
per plant. High genotypic and phenotypic variances were recorded for fruit yield per

plant.

Khurana et al. (2003) reported highly significant variation among 46 C. annuum
genotypes for fruit yield, fruit length, fruit thickness and number of fruits per plant.



Nandadevi and Hosamani (2003a) observed high variability in 26 chilli genotypes, for
number of primary branches, fruit length, number of fruits per plant and green fruit

yield.

Reddy et al. (2006) evaluated 50 genotypes of chilli for yield and yield
components and found significant differences among genotypes for all the sixteen

characters studied.

Ukkund et al. (2007) observed high range of variation for all the characters and
maximum was in the case of the total green chilli yield per plant and minimum was for

the fruit girth.

Gupta et al. (2009) reported high range of variation for the characters such as
days to 50% fruits harvest, fruit length, fruit breadth, number of fruits per plant, fruit
weight, fruit yield per plant, plant height, number of branches per plant, capsaicin

content and oleoresin content in chilli.

High range of variability for number of fruits per plant, weight of fruits per plant

and fruit yield was observed among 30 chilli genotypes (Singh and Singh, 2011).

Julia et al. (2012) reported that a wide range of variability was found in chilli for

fruit morphology, pungency, bearing habit and crop duration throughout in India.

In a study of bird chilli (Capsicum frutescens L.), wide variability was found to
exist in flowering and fruiting pattern (Idowu et al., 2012). Krishnamurthy et al. (2013)
reported that genotypic variances had higher magnitude than the corresponding
environmental variances for number of days to first fruit maturity, 50 per cent
flowering, plant height and fruit length in chilli. However environmental variances

were higher magnitude than the corresponding genotypic variances for polygenic traits



viz., fruit width, 100 seed weight, red fruit yield per plant, green fruit yield per plant

and number of fruits per plant.

Pandit and Adhikary (2014) recorded moderate to high range of variation in all
characters of 41 chilli genotypes, which indicated better scope for improvement
through selection. Amit et al. (2014) studied extent of variability present in 23
genotypes of chilli and significant differences were obtained among these genotypes

for all the characters.

2.3 COEFFICIENT OF VARIATION

The coefficient of variation allows the comparison of variability among different

characters. It is a unit free measurement of variation.

Munshi and Behera (2000) studied 30 chilli genotypes and obtained genotypic
coefficient of variation ranging from 5.32 per cent (days to first fruit harvest) to 54.94

per cent (number of fruits per plant).

Sreelathakumary and Rajamony (2002) observed high GCV (genotypic
coefficient of variation) and PCV (phenotypic coefficient of variation) for fruit length
in chilli. High GCV estimates for number of fruits per plant, fresh red chilli yield per
plant and plant height were observed by Rathod et al. (2002).

Thirty two genotypes of hot chilli (Capsicum chinense Jacq.) were evaluated to
estimate variation. High phenotypic and genotypic coefficients of variation were
observed for number of fruits per plant, yield per plant, seeds per fruit and fruit weight

(Manju and Sreelathakumary, 2002).

Nandadevi and Hosamani (2003a) reported high degree of PCV and GCV for
number of primary branches, fruit length, pericarp thickness, number of fruits per plant

and green fruit yield per plant in chilli.

10



Higher phenotypic and genotypic coefficients of variation were observed for
yield per plant, fruit weight, number of fruits per plant, fruit length and fruit girth in

chilli accessions (Sreelathakumary and Rajamony, 2003).

Sreelathakumary and Rajamony (2004) studied 35 chilli (Capsicum annuum L.)
genotypes to assess genetic variability, heritability and genetic advance. Higher
phenotypic and genotypic coefficients of variation were observed for leaf area, number

of fruits per plant, fruit weight, fruit length, fruit girth and fruit yield per plant.

High values of phenotypic coefficient of variation (PCV) and genotypic
coefficient of variation (GCV) were recorded for fruit yield per plant and individual
fruit weight respectively. Low values of PCV and GCV recorded for number of days
to first flowering in 49 genotypes of bird chilli (Mathew, 2006).

Reddy (2006) reported high estimates of phenotypic coefficient of variation
along with genotypic coefficient of variation for number of fruits per plant, fruit yield
per plant, number of secondary branches per plant and number of primary branches per

plant in chilli.

Sandeep (2007) reported low phenotypic and genotypic coefficients of variation
for number of days to flowering in paprika. Gupta et al. (2009) reported highest
phenotypic coefficient of variation for incidence of virus, number of fruits per plant,

fruit yield per plant, fruit weight, fruit length and capsaicin content in chilli.

Kumari et al. (2010) reported higher phenotypic and genotypic coefficients of
variation for plant height and plant spread and suggested the possible role of
environment in expression of these characters while fruit diameter exhibited moderate

PCV and GCV.

11



Sharma et al. (2010) found significant differences among the 94 chilli genotypes
for fruit yield per plant, average fruit weight and number of fruits per plant. The
phenotypic coefficient of variation and genotypic coefficient of variation were high for
fruit yield per plant indicating that these traits had wide genetic variability and would

respond better to selection.

Anandhi (2010) crossed three susceptible high yielding chilli genotypes
(Capsicum annuum) and five resistant chilli genotypes (Capsicum frutescens) in a line
x tester fashion and reported higher estimates of PCV and GCV for vulnerability index
and green fruit yield per plant in chilli.

Ullah et al. (2011) tested 12 selected open pollinated genotypes of chilli
(Capsicum frutescens L.) and found high genotypic coefficient of variations for fruit

yield per plant, number of fruits per plant, average fruit weight and fruit length.

According to Singh and Singh (2011) high PCV and GCV were estimated for
number of fruits per plant, weight of fruits per plant and red ripen fruit yield in 30
diverse chilli genotypes. Moderate PCV and GCV were obtained for plant height and
fruit length, whereas PCV and GCV were low for number of primary branches per

plant.

Krishnamurthy et al. (2013) reported high phenotypic co-efficient of variation
and genotypic co-efficient of variation for red fruit yield per plant, green fruit yield per
plant, fruits per plant and fruit length in chilli. Moderate PCV and GCV were estimated
for fruit width and these were low for days 50 per cent flowering and days to first fruit

maturity.

Amit et al. (2014) studied 23 genotypes of chilli and found high phenotypic
coefficient of variation and genotypic coefficient of variation for number of fruits per

plant, fruit weight and dry (red) yield.

12



Genotypic coefficient of variation and phenotypic coefficient of variation of 41
chilli genotypes closely corresponded with regard to number of days to 50 per cent
flowering, fruit length, placenta length and 1000 seed weight (Pandit and Adhikary,
2014).

2.4 HERITABILITY AND GENETIC ADVANCE

Heritability in broad sense refers to the genetic variation present in the population
in relation to the total observed variance. Genetic advance refers to the improvement

in the mean genotypic value of the selected plants over the base population.

High heritability coupled with high genetic advance suggests that character
improvement could be made by selection based on phenotypic performance. The
estimation of broad sense heritability and genetic advance for different characters by

different workers is reviewed below.

Chaim and Paran (2000) studied ten quantitative traits in chilli and reported high
heritability values for fruit weight, fruit diameter, fruit length and pericarp thickness

but low heritability for plant height.

Ibrahim et al. (2001) reported highest heritability for plant height followed by

fruit length and number of fruits per plant in chilli.

High heritability coupled with high genetic advance were recorded for number

of fruits per plant, fresh red chilli yield per plant and plant height. (Rathod et al., 2002).

Acharyya et al. (2002) reported high heritability coupled with high genetic
advance for total fresh yield per plant under both leaf curl infected and non-infected

environments in chilli.

13



Manju and Sreelathakumary (2002) studied 32 chilli genotypes and reported high
heritability coupled with high genetic advance for number of fruits per plant, yield per

plant, seeds per fruit and fruit weight.

Sreelathakumary and Rajamony (2003b) observed high values of heritability for
the characters studied in 20 accessions of bird pepper. Higher magnitude of heritability
(>90%) was registered for number of fruits per plant, fruit length, fruit girth, fruit
weight and yield per plant. High heritability coupled with high genetic advance was
obtained for number of fruits per plant, fruit weight, fruit length, fruit girth and yield
per plant.

In a study of 35 genotypes of chilli Sreelathakumary and Rajamony (2004)
reported high heritability coupled with high genetic advance for leaf area, fruits per
plant, fruit weight, fruit length, fruit girth and yield per plant.

Nandadevi and Hosamani (2003a) reported in 26 chilli genotypes that high
heritability was coupled with high genetic advance for fruit length and green fruit yield

per plant.

Prabhakaran et al. (2004) studied 97 genotypes of chilli and reported high
heritability coupled with high genetic advance for yield per plant, mean fruit weight,

placenta length and capsaicin content.

Varkey et al. (2005) studied 45 genotypes of chilli and reported high heritability
coupled with high genetic advance for number of fruits per plant, number of seeds per

fruit and dry weight per plant.

High heritability coupled with high genetic advance was noticed for average fruit
weight, yield per plant, dry weight of plant, seeds per fruit and number of fruits per
plant in chilli (Bendale ef al., 2006).

14



Mathew (2006) studied 49 genotypes of bird chilli and observed significant
difference for all the 14 biometric characters. All the 49 genotypes showed high
heritability coupled with high genetic advance except for number of days to first

flowering.

Reddy (2006) recorded high estimates of heritability for number of days to 50%
flowering in chilli. High heritability coupled with high genetic advance was observed

for number of fruits per plant, yield per plant and secondary branches per plant.

In a study of 27 genotypes of chilli, high heritability coupled with high genetic

advance was observed for number of fruits per plant (Bharadwajet al., 2007).

Sood et al. (2007) reported high heritability coupled with high genetic advance

for yield and capsaicin content in chilli.

Ukkund et al. (2007) observed high estimates of heritability for plant height,
number of days to first flowering, percent fruit set, number of fruits per plant , fruit

length , 10 fruit weight and total green fruits per plant in 80 chilli genotypes.

Gupta et al. (2009) studied 11 quantitative characters in chilli and reported high
heritability coupled with high genetic advance for number of fruits per plant, fruit yield
per plant, fruit length, fruit weight and capsaicin content. Sarkar et al. (2009) reported
high heritability coupled with high genetic advance for fruit weight in chilli.

High heritability coupled with high genetic advance was noticed for average fruit
weight, fruit yield per plant, fruit diameter, number of lobes per fruit, number of days
to first harvest, leaf area and ascorbic acid content in 23 genotypes of bell pepper

(Sharma et al., 2009).
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According to Sharma et al. (2010) high heritability coupled with high genetic
advance was obtained in chilli for average fruit weight, fruit yield per plant and fruit

diameter, indicating the role of additive gene action for the inheritance of these traits.

Kumari et al. (2010) evaluated 94 paprika (Capsicum annuum) accessions and
reported high heritability coupled with high genetic advance for number of fruits plant,

fresh fruit yield per plant, seed weight and number of seeds per fruit.

Anandhi (2010) crossed three susceptible high yielding chilli genotypes
(Capsicum annuum) and five resistant chilli genotypes (Capsicum frutescens) in a line
x tester fashion and reported high heritability coupled with high genetic advance for
the characters viz., number of days to first flowering, duration of flowering, number of
fruits per plant, green fruit yield per plant, number of seeds per fruit, duration of crop

and vulnerability index.

Ullah ef al. (2011) studied 12 open pollinated varieties of chilli and reported high
heritability coupled with high genetic advance in percentage of mean for fruit yield per

plant, fruits per plant, plant height and number of days to 50% flowering.

Krishnamurthy ef al. (2013) used 24 Indian chilli inbred lines of different regions
and six inbred lines of Taiwan as pollen parents and five CMS lines from Taiwan as
female parents for crossing and observed high heritability coupled with high genetic

advance for green fruit yield per plant and red fruit yield per plant.

Amit et al. (2014) studied 23 genotypes of chilli and reported that all the
characters showed high heritability. Also, number of fruits per plant, green fruit yield
per plant, dry yield per plant, number of seeds per plant and plant height exhibited high

genetic advance as percentage of mean indicating additive gene effect.
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Pandit and Adhikary (2014) studied 41 chilli genotypes and observed very high
genetic advance for fruit yield per plant and high genetic advance for number of days
to 50% flowering, placenta length, fruit length, number of fruits per plant and number
of seeds per plant, indicating that these characters are most likely governed by additive

gene action and hence would be rewarding in selection.

2.5 ASSOCIATION OF CHARACTERS

Study of character association helps the breeder in fixing a selection criteria for
grain yield in parental lines, such that selections will be effective in isolating the plants
with desired combination of characters. Phenotypic correlation is the correlation of
phenotypic values and is subjected to changes in the environment. It measures the
environment deviation together with non-additive gene action. Genotypic correlation
is the correlation of breeding value. Hence, knowledge of association between different

characters is highly essential for planning a successful breeding programme.

2. 5.1 Correlation coefficient analysis

A thorough understanding of correlation between yield and its component traits

is essential for choosing the character for selection.

Yield per plant was negatively correlated with plant height in a study of 13 chilli
genotypes (Aliyu et al., 2000). Munshi et al. (2000) reported positive association of
yield with fruit weight and fruit number in chilli. Fruit weight had positive correlation

with fruit length and negative correlation with fruit number.

Wyrzykowska et al. (2000) studied correlation for quantitative traits in sweet
paprika and reported that fruit yield per plant depended significantly on mean fruit

weight and fruits per plant.
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Ibrahim et al. (2001) studied 17 accessions of chilli and reported significant
positive correlation of dry fruit weight per plant with number of fruits per plant, number

of branches, fruit length, fruit width and plant height.

According to Chatterjee et al. (2001) fruit weight, pericarp thickness, number of
seeds per fruit and 1000 seed weight showed positive significant association with fruit

yield per plant in chilli.

Sreelathakumary and Rajamony (2002) studied correlations in chilli genotypes
and reported significant positive correlation with yield for fruits per plant, fruit length

and fruit weight.

Fresh red chilli yield had significant positive association with number of fruits

per plant, hundred seed weight and harvest index (Rathod ez al., 2002).

Acharya et al. (2002) reported that total fresh chilli yield had positive effect and

significant correlation with total dry yield per plant.

Positive correlation was observed in chilli by Jose and Khader (2002) for fruit
yield with fruit weight, number of fruits per plant, number of primary branches, number
of secondary branches, plant height, 100 seed weight, fruit length, fruit girth and crop

duration.

Sreelathakumary and Rajamony (2003a) studied 20 accessions of bird pepper
(Capsicum frutescens). Fruit yield per plant showed highly significant positive

correlation with number of fruits per plant, fruit length, fruit girth and fruit weight.

According to Khurana et al. (2003) fruit yield per plant was positively correlated
with number of fruits per plant, fruit length, fruit diameter, plant height, capsaicin
content and colouring matter in chilli. Fruit yield per plant was negatively correlated

with number of days to flowering.
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Muthuswamy (2004) studied correlations in chilli accessions and reported
negative association of number of days to first flowering with many of the characters
studied and its positive association with fruit length. Number of fruits per plant was
positively correlated with harvest index, capsaicin content and oleoresin content.
Capsaicin content was positively correlated with number of primary branches, fruit
weight, fruit yield per plant, fruit length, number of seeds per fruit, plant height, crop

duration and harvest index.

Ajjapplavara et al. (2005) evaluated 36 genotypes in chilli for 18 different
quantitative characters and reported positive correlation for ten dry fruit weight with
all fruit related traits viz., fruit length, fruit surface area, fruit volume, stalk

length,single green fruit weight and ten green fruit weight.

Significant positive correlation existed in chilli for number of days to 50%
flowering with plant height and branch number, between plant height and fruit number,
branch number and fruit number, average fruit length and flesh to seed ratio, average
fruit length and average fruit weight, fruit girth and pungency and flesh to seed ratio

with average fruit weight and average seed weight (Ahmed et al., 2006).

Positive correlation of fruit yield was observed by Mathew (2006) among 49 bird
chilli accessions with number of fruits per plant, number of secondary branches, plant
spread, 100-seed weight, number of primary branches, number of seeds per fruit,
individual fruit weight, fruit length, fruit width and plant height. Yield per plant was

negatively correlated with vulnerability index.

Reddy (2006) revealed that fruit yield per plant showed high positive genotypic
correlation with number of fruits per plant, duration, length of fruit bearing period,

plant canopy width and number of secondary branches in chilli.
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Ukkund et al. (2007) studied 80 indigenous and exotic genotypes of chilli and
assessed the correlation among 13 important characters. The phenotypic and genotypic
association of fruit yield was significantly positive with all the characters except for

number of days to first flowering and ten fruit weight.

In a study of 25 chilli genotypes, yield per plant exhibited highly significant
positive correlation with number of fruits per plant, branches per plant and plant height

(Jabeen et al., 2009).

According to Gupta et al. (2009) correlation coefficients in chilli at phenotypic
levels between yield and yield components indicated that fruit yield per plant had
positive and highly significant correlation with number of fruits per plant and fruit

length.

Among 23 genetically diverse genotypes of bell pepper, fruit yield per plant had
positive correlation with fruit length, fruit diameter and number of fruits per plant

(Sharma et al., 2009).

Chattopadhyay ef al. (2011) studied 34 chilli genotypes and reported that number
of days to 50% flowering, number of fruits per plant and ascorbic acid content had
significantly positive correlation with green fruit yield per plant. Hence selection based

on these characters would be rewarding.

Kumari et al. (2011) studied correlation in 94 diverse genotypes of paprika. Dry
fruit yield per plant showed significant and positive association with plant height, plant
spread, number of fruits per plant, fruit girth, number of seeds per fruit and capsanthin

content.
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Singh and Singh (2011) studied 30 diverse chilli genotypes and observed
significant positive correlation of number of fruits per plant with fruit yield per plant

and red ripen fruit yield.

Ullah et al. (2011) evaluated 12 open pollinated varieties of chilli. The characters
viz., number of fruits per plant, fruit length and fruit diameter had significant positive

association with fruit yield per plant.

Krishnamurthy et al. (2013) reported correlations in Indian and Taiwan
genotypes of hot pepper (Capsicum annuum). The character, number of fruits per plant
had positive correlation with green fruit and red fruit yield per plant at genotypic and

phenotypic level.

Jogi et al. (2013) studied 50 genotypes of chilli for 16 important characters. The
phenotypic and genotypic correlation of fruit yield were significantly positive with all
the characters except number of days to first flowering and ten fruit weight. Early fruit
yield and late fruit yield per plant were found to have highly significant and positive

correlation with total fruit yield.

Amit et al. (2014) conducted studies on 23 chilli genotypes to assess the
correlation of growth and yield contributing characters. Fruit yield per plant was

positively and significantly correlated with number of fruits per plant and fruit length.

2. 6. PATH COEFFICIENT ANALYSIS

Path coefficient analysis, a statistical device developed by Wright (1921) helps
in partitioning of the correlation coefficients into direct and indirect effects of
independent variable on dependent variable. As fruit yield is a complex character
influenced by several factors, selection based on simple correlation without considering

the component characters is not effective. Hence, path analysis is of much importance
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in any plant breeding programme. Correlation in combination with path analysis would
give a better insight into cause and effect relationship between different pairs of
characters. Aliyu et al. (2000) selected characters with high genotypic correlation to
assess the path analysis in chilli. Fruit diameter and number of seeds per plant showed
high positive direct effect on yield while plant height had a negative direct contribution

to final yield.

In a study which involved 30 chilli genotypes, Munshi et al. (2000) observed
direct positive effect of number of fruits per plant, fruit weight and fruit girth on yield

per plant.

Jose and Khader (2002) conducted path analysis in chilli and observed low

residual value. Number of fruits per plant had high positive direct effect on yield.

Sreelathakumary and Rajamony (2003a) studied 20 accessions of bird pepper
(Capsicum frutescens) and revealed that fruits per plant, fruit length, plant height and
stem girth had positive direct effect on yield while leaf area, number of days to first

flowering, fruit girth and fruit weight exerted negative direct effect on yield.

Mini (2003) found that direct effect of number of fruits per plant and average
fruit weight were high and positive in chilli, while that of plant height was high and

negative.

According to Ajith (2004) number of fruits per plant had positive direct effect on

yield in bell pepper and negative direct effect on number of branches and fruit girth.

Ajjapplavara et al. (2005) studied in 36 genotypes of chilli and reported that
direct effects were high and positive for 10 dry fruit weight, 10 green fruit weight,
number of fruits per plant, fruit length and fruit diameter on yield. Days to 50 per cent

flowering showed negative direct effect on yield.
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In a study of 49 genotypes of bird chilli Mathew (2006) noticed high positive
direct effect of individual fruit weight and number of fruits per plant on fruit yield per

plant.

Reddy (2006) revealed that number of fruits per plant had highest direct effect
on fruit yield in chilli. Plant canopy width showed relatively high direct effect as well

as positive indirect effect on number of fruits per plant and fruit weight.

Ukkund et al. (2007) studied path analysis in eighty diverse indigenous and
exotic genotypes of chilli for 13 important characters. It was revealed that total green
chilli yield had high direct positive effect from early and late fruit yield. So selection

based on early and late fruit yield would be rewarding.

Sharma et al. (2010) carriedout path analysis among 23 genetically diverse
genotypes of bell pepper. Number of fruits per plant had highest positive direct effect
on yield per plant followed by average fruit weight, number of branches, pedicel length

and harvest duration at genotypic level.

Ullah et al. (2011) observed high direct effect of fruits per plant, average fruit
weight, number of days to first flowering and fruit length with fruit yield in 12 open

pollinated varieties of chilli.

Chattopadhyay et al. (2011) reported that residual effect of the path analysis was
low in 34 chilli genotypes. Number of fruits per plant and green fruit length showed

high positive direct effects on green fruit yield per plant.

In a study of Indian and Taiwan genotypes of hot pepper (Capsicum annuum)
Krishnamurthy ef al. (2013) revealed that number of fruits per plant (0.819) had highest
positive direct effect on yield per plant followed by fruit length (0.311), fruit width
(0.243) and red fruit yield (0.215).
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The genotypic path co-efficient analysis in 50 genetically diverse indigenous and
exotic genotypes of chilli revealed that ascorbic acid and chlorophyll content had high
direct positive effect on total fruit yield (Jogi et al., 2013).

Pandit and Adhikary (2014) studied 41 chilli genotypes and observed that
number of fruits per plant, 1000 seed weight and placental length had high direct

positive effects on yield.

2.6 SCREENING FOR LEAF CURL DISEASE RESISTANCE

Peter and Mc Cullum (1984) reported Capsicum frutescens as a source of
multiple disease resistance. Rishi and Dhavan (1988) exposed seedlings of 72 lines of
Capsicum frutescens to infection by cucumber mosaic virus, potato X virus, potato y

virus, TMV and chilli leaf curl virus and found that disease occurred in all genotypes.

Resistant sources against virus disease were reported in different species of chilli;
especially Capsicum frutescens and these were utilized in improving the cultivated

chilli (Bosland and Votava, 2000 and Grube et al., 2000).

Reddy et al. (2000) reported screening of 33 genotypes of chilli against leaf curl
caused by thrips and mites. Sel 7-11-13-1 exhibited highest tolerance to leaf curl while
the lowest was recorded by Sel 4-1.

Jadhav et al. (2000) observed that “Phule Sai’ (GCH-8), selection from advanced
generations of Pant C1 x Kamandalow, was moderately resistant to leaf curl virus under

field conditions.

In a study on 6 x 6 diallel analysis, Nandadevi and Hosamani (2003b) reported
that RHRC-Cluster-Erect, Pant C-1 and PMR-52/88/K had significant gca effects for

resistance to leaf curl complex in chilli. The magnitude of estimated components of
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dominance variance was more than additive variance for resistance to leaf curl

complex.

Mallapur (2000) evaluated 62 chilli genotypes for resistance to Scirtothrips
dorsalis and yellow mite and reported that 13 varieties showed lower percentage of leaf

curl than local checks.

Tatagar et al. (2001) screened 24 chilli genotypes against thrips and mites to
identify sources of resistance in chilli. The Cultivars Pant C1, LCA-304 and LCA-312

were found to be promising sources of resistance against chilli thrips and mites.

Khalid et al. (2001) evaluated 77 chilli cultivars to identify yellow mite resistance
sources. Based on population count, injury grade and damage index, these varieties
were grouped into three categories (resistant, susceptible and highly susceptible). Nine
cultivars namely, LCA235, LCA330, EC128946, Cluster Mutant, LIC19, LCA312,
Yellow Anther Mutant, LIC13 and LIC45 were considered as resistant.

Babu et al. (2002) evaluated 308 chilli varieties for resistance to chilli thrips and
yellow mites and identified 17 promising types based on visual rating of leaf curl
caused by thrips and mites. Most of the germplasm accessions reacted independently
to leaf curl caused by thrips and mites. They found one exotic entry EC-391082 a

paprika type), as resistant to leaf curl caused by both thrips and mites.

Echer et al. (2002) evaluated fifteen capsicum accessions in greenhouse
condition for resistance to mite and ranked the accessions BGH/UFV 1774 (C.
annuum) and BGH/UFV 5086 (C. frutescens) as resistant and highly resistant

respectively to Polyphagotarsonemus latus under severe testing conditions.

Kalaiyarasan et al. (2002) reported that accession PS 64 had lower thrips
population (average of 0.47 and 0.81 thrips/leaf) in the field and in pot culture. Thrips
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infestation was lower in accessions PS 64, PS 69, PS 177, PS 166, PS 4, PS 171 and

PS 173 in the range of 12.9 to 17.4 per cent as compared to the other accessions.

Jose et al. (2003) studied 37 genotypes of chilli to evaluate leaf curl virus
infection under natural field conditions in Kerala. It was observed that the genotypes
Alampady local-1, Nayattinkara local, Kottiyam local, Haripuram local, Pant C-1,
Chandera local, Mangalapuram local and Kottikulam local were tolerant, 27 were

susceptible and two were highly susceptible to the disease.

Singh and Chowdhury (2005) evaluated 10 chilli cultivars and reported that two

cultivars had minimum incidence of chilli leaf curl virus incidence.

Kumar et al. (2006) screened 307 genotypes belonging to four cultivated and one
wild species of Capsicum and identified only three genotypes, viz., GKC-29, BS-35
and EC-497636 as symptom-less resistant sources.

Khader et al. (2007) evaluated one hundred and fifteen genotypes of bird pepper
(Capsicum frutescens) for leaf curl virus resistance and among them two genotypes

were reported to be resistant and eight were tolerant.

Twenty one chilli genotypes evaluated against yellow mite and ACG 77 was
found to be a promising one, on account of low pest population count and leaf curl

intensity (Desai et al., 2006).

Mathew (2006) screened 49 accessions of bird chilli (Capcicum frutescens L.)
for leaf curl virus resistance and reported that 5 genotypes were highly tolerant, 14

genotypes were susceptible and 30 genotypes were highly susceptible to the disease.

Jayaramegowda (2009) crossed five susceptible high yielding chilli genotypes
(lines) and three chilli thrips and mite tolerant chilli genotypes (testers), in a line x

tester fashion. Considering both yield and resistance simultaneously, the hybrids
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Jwalasakhi x Bhagyalakshmi and Vellayani Athulya x Kiran were high yielding and
relatively resistant to chilli thrips and yellow mite respectively. The hybrid Jwalasakhi
x Kiran was identified as relatively resistant to both chilli thrips and yellow mite and

was remarkable with respect to yield.

Kumar et al. (2011) evaluated 321 genotypes of chilli against leaf curl. Based on
mean coefficient of infection, the genotypes viz., BS 35, CV 2, EC 497636, GKC 29,
IC 3640632, IC 383072 and PunjabLal had no symptoms.

Screening of 29 chilli accessions against ChiVMYV based on symptomatology and
disease incidence (%) under screenhouse conditions showed that the genotypes, IPB

C1, IPB C10 and PBC 521were highly resistant (Hidayat et al., 2012).

Ashfaq et al. (2014) evaluated 40 chilli genotypes by virus inoculation.
Resistance to CMV isolate was examined by visual observations and enzyme-linked
immune sorbent assay (DAS-ELISA). On the basis of 0-5 disease rating scale and
ELISA, nine genotypes viz., C-2, CV-2, CV-5, BSS-269, PGRI, M-2001, CM-2001,
M-97 and CP-328 had no infection and catalogued as highly resistant.
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Materials and Methods



3. MATERIALS AND METHODS

The study was undertaken in the Department of Plant Breeding and Genetics.
College of Agriculture, Vellayani, Thiruvananthapuram during 2013-2015 to estimate
the genetic variability in bird chilli (Capsicum frutescens L.). The research was done
by conducting two field experiments where in experiment-I was to evaluate the
germplasm accessions for yield and experiment-II was to evaluate the genotypes for

high yield and reistance to leaf curl.

3.1 EXPERIMENT I: EVALUATION OF GENOTYPES FOR YIELD AND LEAF
CURL RESISTANCE

3.1.1 Materials

The materials for the experiment were selected from the project, “Collection,
evaluation and utilization of native types and develop high yielding leaf curl complex
resistant drought tolerant varieties in chilli through interspecific hybridization”, in the

Department of Plant Breeding and Genetics, College of Agriculture, Vellayani.

Seventy eight accessions of bird chilli, collected from different parts of Kerala

were evaluated in the above project (Table 1).

3.1.2 Methods

3.1.2.1 Design and layout

The experiment was conducted as unreplicated field trial. Plot size was 5.0

mx0.75 m with spacing of 50 cmx75 cm. Ten plants were maintained in each plot.
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Table 1. List of chilli genotypes (Capsicum frutescens L.)

Acces Leaf Acces Leaf
sion Name of genotype pubescence | sion Name of genotype pubescence
No No
Al Padinjarekkalam-I 3 A22 Anchampeedika 3
A2 | Nellivila 3 A23 | Kottakkal-I 3
A3 Sreekurumbakkavu-I 3 A24 Kakkamoola-IX 3
A4 Vandithadam-I 3 A25 Kottakkal-IT 3
A5 Palappuru 3 A26 Kinanoor >
A6 Pachalloor-1 3 A27 Kottakkal-I1I 3
A7 Vandithadam-11 3 A28 Kottakkal-IV 3
A8 | Vellayani-IT 3 A29 | Chattiparambu-T 3
A9 Kakkamoola-I 3 A30 Chattiparambu-II 3
A10 Kakkamoola-II 3 A3l Vandithadam-II1 3
All Padinjarekkalam-II 3 A32 Karamana 3
Al2 Sreekurumbakkavu-II 3 A33 Vellayani-II 3
Al3 Kakkamoola-III 3 A34 Kozhencheri 3
Al4 Sreekurumbakkavu-I11 3 A35 Mandhathupara-1 3
AlS5 Kakkamoola-1V 3 A36 Padinjarekkalam-II1 3
Al6 Kakkamoola-V 3 A37 Mandhathupara-II 3
A17 | Kakkamoola-VI 3 A38 | Palakkad-I :
Al8 Chempra 3 A39 Palakkad-1I 3
A19 Kakkamoola-VII 3 A40 Palakkad-III 3
A20 | Peruvannamuzhi 3 A4l Palakkad-IV 3
AD1 Kakkamoola-VIII 3 A42 [lavumthitta 3
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Table 1. Continued

Acces Leaf Acces Leaf
;ilgn Name of genotype pubescence Is\iI(())n Name of genotype pubescence
A43 Sreekurumbakkavu-1V 3 A6l Chappanangadi-II 3
A44 Sreekurumbakkavu-V 3 A62 Chappanangadi-III 3
A45 Mandhathupara-III 3 A63 Chappanangadi-IV 3
A46 Mandhathupara-1V 3 A64 Chappanangadi-V 3
A47 Mandhathupara-V 3 A65 Naduvannur-I 3
A48 Pachalloor-II 3 A66 Thirur-I 3
A49 Pachalloor-III 3 A67 Thirur-II 3
A50 | Kumarapuram-I 3 A68 Changuvetti-I 3
A5l Kanjikuzhi 3 A69 Changuvetti-II 3
AS2 Kumarapuram-II 3 AT70 Narikkuni-II 3
AS3 Cherthala 3 ATl Narikkuni-III 3
A54 Nenmara 3 AT2 Narikunni-IV 3
AS5 Thamallakkal 3 AT73 Chattipparambu-I 3
AS56 Kanichukulangara 3 A74 Chattipparambu-II 3
AS57 Kalitthatu 3 AT5 Chattipparambu-II1 5
A58 Vandithadam-1V 3 A76 Kuroorkundu-I 3
AS59 Vykathannu 3 AT7 Kuroorkundu-II 3
A60 Chappanangadi-I 3 AT78 Kuruvakundu-IV 3
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3.1.2.2 Sowing and cultural operations

Seeds were sown on raised nursery beds during September 2013 and seedlings

were transplanted when they were 40 days old, with one seedling per pit.

Cultural operations were carried out as per the package of practices

recommendations of the Kerala Agricultural University (KAU, 2011).

3.1.2.3 Biometric observations

Five plants were selected randomly from each genotype to record the following

biometric observations and mean values were taken for statistical analysis.

1. Number of days to first flowering

Number of days taken from sowing to the appearance of first flower was

recorded.

2. Number of primary branches

Branches originating from the main stem were counted and recorded as the

number of primary branches at full maturity of the plant.

3. Number of secondary branches

The branches borne on the primary branches were counted and recorded as the

secondary branches at full maturity of the plant.

4. Number of fruits per plant

Total number of fruits at each harvest was recorded from each observational plant

and the average was worked out.
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5. Average fruit length (cm)

Average length of five mature fruits with pedicel was recorded from the

observational plants and expressed in centimeters.

6. Average fruit width (cm)

The fruit width was measured at the broadest part of the five mature fruits

from observational plants and mean expressed in centimeters.

7. Individual fruit weight (g)

Average weight of the five fruits taken at random from the observational plants

over different harvests was recorded and expressed in grams.

8. Fruit yield per plant (g)

Weight of fresh fruits was recorded from the five observational plants at each

harvest and mean value expressed in grams.

9. Fruit yield per plot (kg)

Total weight of fruits harvested from each plot was recorded and expressed in

kilograms.

10. Number of seeds per fruit

Number of seeds were recorded from ten ripe fruits at random from each

observational plant during second harvest and mean values were calculated.
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Plate 1. General view of experiment I
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11. Plant height (cm)

the longest branch from each observational plant before the last harvest of fruits

The height of plant was measured from the base of the plant to the tip of

and expressed in centimeters.

12. Leaf pubescence

Leaf pubescence was observed on the youngest mature leaves. It is

classified as follows (Mathew, 2006).

Score | Type of pubescence

3 Sparse
5 Intermediate
7 Dense

13. Incidence of leaf curl disease

planting (DAP) based on visual symptoms of each observational plant. The scoring

was based on 0 to 4 scale developed by Rajamony et al., (1990) in melons with

Leaf curl disease scoring was done at 30", 60™ and 90" days after

slight modification as given below.

Score

Index Symptoms

0 No symptoms

1 Slight curling of terminal leaves

2 Curling of terminal and adjacent leaves

3 Curling and appearance of blisters on leaves

A Severe curling and puckering of leaves; stunted appearance of
plants
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Plate 3. Scoring chart for leaf curl disease




The individual plant score was utilized to work out the ‘severity index’ or
‘vulnerability’ index so as to measure the degree of resistance. The index was
calculated using an equation adopted by Silbernagel and Jafri (1974) to measure the
degree of resistance in snap bean (Phaseolus vulgaris) against beet curly top virus

and later modified by Bos (1982).

(Onot+1n1+2n2+3n3+4n4)

Vulnerability index (V.I.) = x 100
ne (ne-1)

Where,

no, N1, - - -, N4 = number of plants in the category 0, 1, - - -, 4 respectively

n; = total number of plants

n¢ = total number of categories = (5)

The genotypes were classified according to vulnerability index as given below

(Mathew, 2006).

V.l Category

0.00 Resistant(R)

1.00-25.00 Tolerant (T)
25.01-50.00 Susceptible(S)

>50.00 Highly susceptible (HS)




14. Number of white flies per plant

White flies present on lower side of the top five leaves in observational
plants were counted at three intervals (30™, 60 and 90" days after planting) without

disturbing the plant and average worked out.
15. Number of aphids per plant

Number of aphids on six terminal leaves of five randomly selected plants in
each plot was recorded at 30", 60" and 90" days after planting (DAP) and mean

value was expressed.
16. Number of thrips per leaf

Number of thrips from three leaves per plant, one each from top, middle
and bottom regions of five plants selected at random was counted using stereo
binocular microscope. Adults are swift in movement and fly away while counting.
Therefore to avoid errors in values nymphs were considered and counted for

recording observations at 30™, 60 and 90™ days after planting (DAP).
17. Number of mites per leaf

Number of mites on six terminal leaves of five randomly selected plants in
each plot at 30", 60™ and 90™ days after planting (DAP) was recorded using stereo

binocular microscope.
3.1.2.4 Statistical analysis

The mean data recorded from the experiment was statistically analysed.
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3.1.2.5 Clustering using dendrogram

The genetic divergence between the groups was studied using dendrogram

(Jain, 1982).

3.2 EXPERIMENT II: CONFIRMATION STUDY

3.2.1 Materials

The materials for the study consisted of ten genotypes of bird chilli
(Capsicum frutescens L.) identified as high yielding with resistance to leaf curl from
experiment [ (Table 2). Leaf curl was ensured by growing infected susceptible

varieties of C. annuum in the experimental field.

3.2.2 Methods

3.2.2.1 Design and layout

The experiment was conducted in Randamised Block Design (RBD) with
three replications. Plot size was 5.0 mx0.75 m with spacing of 50 cmx75 cm. Ten

plants were maintained in each plot.

3.2.2.2 Sowing and cultural operations

Seeds were sown on raised nursery beds during April 2014 and the

seedlings were transplanted when they were 45 days old, with one seedling per pit.

Cultural operations were carried out as per the package of practices

recommendations of the Kerala Agricultural University (KAU, 2011).
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Table 2. List of genotypes selected from experiment [

Treatment Name of genotypes | Leaf pubescence
Number
T1 (A04) Vandithadam-I 3
T2 (A24) Kakkamoola-IX 3
T3(A28) Kottakkal-IV 3
T4 (A34) Kozhencheri 3
T5 (A50) Kumarapuram-I 3
T6 (A52) Kumarapuram-II 3
T7 (A55) Thamallakkal 3
T8 (A57) Kalitthatu 3
T9 (A62) Chappanangadi-III 3
T10 (A70) Narikkuni-II 3
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3.2.2.3 Biometric observations

All the biometrical observations recorded for the first experiment were

observed and recorded for this experiment also.

3.2.2.4 Statistical analysis

3.2.2.4.1 Analysis of variance (ANOVA)

Analysis of variance (ANOVA) (Panse and Sukhatme. 1967) for

individual character was carried out on the basis of mean value per treatment per

replication as given below.

Sources of
Degrees of freedom | Sum of squares | Mean square | F ratio

variation
Replications t-1 SSR MSR MSR/MSE
Treatment r-1 SST MST MST/MSE
Error (r-1)(t-1) SSE MSE
Total rt-1

Where,

r  =number of replications t  =number of treatments

SSR =sum of squares for replications

SST =sum of squares for treatments

SSE =sum of squares for error

Critical difference (CD) =ta | 2 x MSE

MSR=mean squares for replication

MST=mean squares for treatments

MSE=mean squares for error
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Where,

ta is the table value of students’t distribution at error degrees of freedom

and a is the level of significance (5 % or 1%).

3.2.2.4.2 Estimation of genetic parameters

a. Genetic components of variance

For each character, the phenotypic and genotypic components of variance
were estimated by equating the expected value of mean squares (MS) to the
respective variance components (Jain, 1982). Based on this, the following variance

components were estimated.

MST -M SE
1. Genotypic variance (Vg) Vg =
r
ii. Phenotypic variance (Vp) Vr=Vs +VE
iii. Environmental variance (V) VE=MSE

b. Coefficient of variation

Genotypic, phenotypic and environment co efficient of variation were

worked out using the estimates of Vg, Vpand Vg and expressed in percentage for

each trait.
\ Ve
1. Genotypic coefficient of variation, GCV = e x 100
X
Vp
il. Phenotypic coefficient of variation, PCV = x 100
X



iii. Environmental coefficient of variation, ECV = ——— x 100

Where, X = grand mean

Categorization of the range of variation was followed as reported by

Sivasubramanian and Menon (1973).

Low : Less than 10%
Moderate : 10 to 20%
High : More than 20%

c. Heritability in broad sense [H?]

Heritability in the broad sense refers to the proportion of genotypic variance
to the total observed variance in the total population. Heritability in the broad sense

was calculated and expressed in percentage (Allard, 1960).

\Y¢
H?= e ——x 100
Vp
As suggested by Johnson et al. (1955) the range of heritability estimates

were categorized as:

Low : Less than 30%
Medium 30 to 60%
High : Above 60%
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d. Genetic advance (GA)

Genetic advance refers to the expected genetic gain or improvement in the
next generation by selecting superior individuals under certain amount of selection
pressure. From the heritability estimates the genetic advance was estimated by the

following formula given by Burton (1952).
GA = KHVVp

Where K= Selection differential, the value of which is 2.06 at 5% seclection

intensity.

In order to visualize the relative utility of genetic advance among the

characters, genetic advance as percent for mean (GAM) was also computed.

GA
GAM = x 100

(X)

The range of genetic advance as percent of mean was classified as suggested

by Johnson et al. (1955).

Low : Less than 10 %
Moderate : 10-20 %
High : More than 20 %

3.2.2.4.3 Estimation of correlation

Character association refers to the association of characters i.e., a change in

one character is accompanied by a change in the other character.

Correlation coefficients were calculated at genotypic and phenotypic level

using the formulae suggested by Falconer (1964).
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Cov. (XiXj) g

Genotypic coefficient of correlation (rg) = (Xi. Xj) ¢ =

\ VG e Vo) e

Cov. (Xi.Xj) p

Phenotypic coefficient of correlation (1) =1 (Xi. Xj) p=

qvmnvwn

Cov. (Xi.Xj) e

Error coefficient of correlation (re) = r (Xi. Xj) ¢ =

Qvamvmn

3.2.2.4.4 Path co-efficient analysis

The use of path coefficient analysis explains cause and effect relationship
among the variables. It is a standardized partial regression coefficient and as such
measures the direct influence of one variable upon another and permits the
separation of the correlation coefficients into components of direct and indirect
effects (Dewey and Lu, 1959). This method permits the breeder to identify
relatively important components of a variable, on the basis of their direct and

indirect influences.

The direct and indirect effects both at genotypic and phenotypic level were
estimated by taking grain yield per plant as dependent variable using path
coefficient analysis suggested by Wright (1921) and Dewey and Lu (1959).

rry = Piyrii+Pay ri2+Payriz oo, + Puy T'in
roy = Piyra+PoyrotPsy s + Pny 2n
rny - P]y rn] + P2y rn2+ P}y rn3 ............. + Pny r3n
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1,2 n = Independent variables
y = Dependent variable
Tly, T2y ceennennnne my = Coefficient of correlation between casual factors "1 to 'n’

on dependent character 1

Piy, Poy ...... Pny = Direct effect of character 1 to n on character Y

The above question can be written in matrix form as:

A C B
SR ~ ~ - p
Iy 1 12 T13 eeeeennnns Tin Py
2y 21 1 123 eeeeennn. I2n P2y
. ~ - ~ g
rny TInl Tn2 I'n3  oeenvnnn.. 1 Pny
Then
~ N
B=(C)"' AwhereC' = Ci1 C12 Cl3eeernnnnennn Cin
C21 C22 C23 e, C2n
N\ : ~

Cnl Cn2 Cn3 veveennnnnns Cnn




Direct effects were as follows:

Ply = i=1 Y
P2y = k

4 CZi I'iy

i=1

« C. T~
Poy = i

Residual effect (PRy), which measures the contribution of characters not

considered, in the causal scheme was obtained as:

Residual effect (PRy) = (1-1%)
Where,
r2 = (Ply r]y + P2y r2y S R —— Pny rny)
Piy = DirecteffectofxionY
riy = Correlation coefficient of x; ony
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4. RESULTS

Seventy eight bird chilli genotypes were evaluated for various characters viz.,
morphological, yield and reaction to leaf curl. The field experiment was conducted
in two parts. First experiment dealt with evaluation of 78 bird chilli genotypes and
clustering them using dendrogram. In the second experiment, 10 selected genotypes
were studied to conform the resistance reaction for leaf curl. The results of the study

are presented in this chapter.

4.1 EXPERIMENT I

4.1.1 Evaluation of genotypes for yield and leaf curl resistance

4.1.1.1 Mean performance of accessions

Among the seventy eight genotypes evaluated in field experiment, a

considerable variation for all the characters studied was noticed (Table 3).

The accession A24 was the earliest to flowering (95.6) followed by A78
(96.1), A70 (96.3), A28 (99), A53 (99.3), A66 (99.6) and A22 (99.7). The accession
AS50 (133.2) was late in flowering.

Regarding number of primary branches per plant, the range was between
5.5 (A41) to 15.8 (A4). Accession A4 had highest number of primary branches per
plant followed by A12 (15.6), A50 (15.1), A24 (14.9), A13 (14.6), A34 (14.5) and
A6 (14.5).

The Maximum number of secondary branches per plant was recorded for
accession A4 (45.2) followed by A28 (41.7), A50 (41.1) and A55 (40.1). The
Minimum number of secondary branches per plant was recorded for accession A14

(12.5).
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Accession A50 (335.1) produced highest number of fruits per plant followed
by A70 (324.3) and A4 (313). Accession A23 (75) recorded the lowest number of

fruits per plant.

Average fruit length exhibited significant variation among the genotypes
with a range of 2.9cm (A73) to 7.5cm (A4). The longest fruits were produced by
accession A4 (7.5cm) and accession A50 (7.5cm) followed by AS5 (7.3cm), A24
(7.2cm), Al (7.1cm), A52 (7.1cm) and A62 (7.1cm) whereas accession A73
(2.9cm) had the smallest fruits.

The maximum average fruit width was observed for accession A50 (3.9cm)
followed by A4 (3.6cm), A28 (3.4cm) and A34 (3.2cm). The minimum average
fruit width was observed for accession A48 (1.4cm), accession A72 (1.4cm) and

accession A77 (1.4cm).

The highest individual fruit weight was recorded for accession A43 (2.1g)
and accession A51 (2.1g) and the lowest was recorded for accession A7 (0.4g) and

accession A8 (0.4g).

Fruit yield per plant ranged from 70.1g (A7) to 667.1g (A50). The highest
fruit yield was recorded in A50 and it was followed by A4 (624.1g), A52 (433.6g),
AS55 (398.3g) and A24 (355.1g).

The highest number of seeds per fruit recorded in AS55 (54.3) followed by
A40 (52.8) and A1 (40). The lowest number of seeds per fruit recorded in A5 (9.3).

Significant variation was noticed for plant height which ranged between
31cm (A25) and 131.2cm (A4). Highest plant height was recorded for A4 and it
was followed by A50 (112.7cm), A24 (101.3cm) and A34 (99.6¢cm).

Vulnerability index calculated on the basis of disease scoring and showed

arange of 0 (A50) to 98.2 (A40) and the accessions were classified as tolerant viz.,
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Table 3. Mean performance of 78 genotypes

Accession| X1 | X2 X3 X4 | X5 | X6 | X7 | X8 | X9 | X10 | X11 | XI2 | XI3 | X14 | XI5 | X16
Al 109.8| 7.8 | 246 |140.1| 7.1 | 3.1 20 |276.110.280| 40.0 | 672 | 312 | 027 | goo | 2.34 | 3.64
A2 106.8| 105 | 345 |101.5| 3.1 | 29 1.1 |109.8|0.111| 21.5 | 512 | 562 | 023 | ¢o0 | 3.14 | 3.51
A3 1021 86 | 194 [1293] 62 | 2.1 1.1 |1382/0.140| 25.8 | 489 | 66.6 | 025 | 000 | 2.88 | 2.99
A4 110.6 | 158 | 452 [313.0| 75 | 3.6 | 20 |624.1]0.632] 451 |131.2] 62 | 0.11 | goo | 0.19 | 1.09
AS 104.6| 12.6 | 31.1 | 886 | 33 | 2.1 14 |1244/0.126| 93 | 456 | 333 | 032 | 000 | 298 | 2.22
A6 109.2| 145 | 291 | 936 | 56 | 22 1.1 |100.5/0.101| 13.6 | 543 | 66.6 | 035 | 000 | 3.45 | 3.84
A7 1163| 86 | 243 |1757] 43 | 20 | 04 |70.1]0.071] 28.1 | 592 | 125 | 041 | 00 | 299 | 4.61
A8 109.3| 7.9 | 352 [1813| 62 | 20 | 04 |709(0.071] 232 | 632 | 66.6 | 032 | goo | 2.61 | 451
A9 103.8| 123 | 314 | 963 | 46 | 1.9 | 09 |80.2|0081| 11.3 | 593 | 750 | 025 | go0 | 2.66 | 2.95
A10 100.7| 6.8 | 185 [2143| 50 | 22 | 05 |102.7/0.104| 17.5 | 485 | 535 | 125 | ggo | 1.74 | 3.14
All 1125] 95 | 294 | 1260 57 | 25 1.3 |162.1/0.164| 32.6 | 433 | 75.0 | 135 | goo0 | 1.98 | 3.74
A12 107.5| 156 | 225 | 1153 | 65 | 23 17 195.3]0.198| 28.6 | 51.8 | 60.7 | 0.89 | goo | 3.25 | 3.64
A13 1144 | 146 | 328 [2555| 3.0 | 3.0 12 |302.9/0.307| 10.8 | 492 | 125 | 0.75 | go0 | 3.47 | 2.86
Al4 114.8| 89 | 125 [113.0| 58 | 29 1.2 13220134 22.8 | 692 | 750 | 034 | ¢00 | 2.65 | 2.81
Al15 103.6| 67 | 196 | 790 | 50 | 2.6 1.0 | 753 (0076 10.7 | 43.5 | 541 | 1.95 | 900 | 3.98 | 3.41
A16 1015 88 | 222 |1476| 6.1 | 2.1 17 |244.2]0247| 26.0 | 589 | 550 | 231 | goo | 1.11 | 4.61
A17 1058 97 | 304 | 1140 | 51 | 22 1.1 |122.4]0.124| 99 [492 | 750 | 099 | oo | 2.56 | 4.91
A18 112.9| 126 | 285 | 835 | 51 | 1.9 1.0 | 803 |0.081| 125 | 412 | 625 | 079 | g0 | 3.14 | 3.41
A19 1034 115 | 302 | 973 | 43 | 18 13 |122.1/0.123| 20.7 | 642 | 750 | 025 | 000 | 3.24 | 3.85
A20 1143 | 77 | 264 | 956 | 48 | 22 1.0 | 9250093 154 | 457 | 650 | 034 | 900 | 2.88 | 3.91
A21 1149 56 | 145 |1005| 45 | 24 14 |136.9/0.138| 10.8 | 51.0 | 750 | 0.89 | 0.00 | 1.45 | 3.73
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Table 3. Continued

Accession| X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16
A22 99.7 6.8 21.1 | 78.0 | 3.8 2.6 0.9 71.1 | 0.072 | 15.6 | 4438 66.6 1.42 0.00 2.75 291
A23 108.6 | 13.3 31.7 | 75.0 | 4.5 2.5 1.7 | 124.1 | 0.125 | 345 77.0 50.0 1.32 0.00 3.54 0.99
A24 95.6 14.9 38.9 [221.0] 7.2 3.0 1.6 | 355.1 | 0.360 | 30.1 | 101.3 | 12.5 0.16 0.00 1.01 1.91
A25 104.7 | 10.5 31.7 | 88.8 | 3.1 2.9 1.0 81.7 | 0.082 | 25.4 31.0 70.0 0.23 0.00 2.54 3.81
A26 117.8 | 9.6 21.7 | 112.5] 3.6 3.0 1.4 | 157.6 | 0.159 | 19.5 43.2 62.5 0.89 0.00 3.64 | 2.94
A27 1094 | 12.3 304 | 753 | 3.7 2.8 1.0 72.2 | 0.073 | 29.0 33.6 66.6 0.54 0.00 2.71 2.86
A28 99.0 10.6 | 41.7 |254.8| 6.6 34 1.2 | 302.7 | 0.306 | 21.0 86.0 10.0 0.14 0.00 0.12 0.98
A29 109.8 | 8.9 222 [116.5| 3.6 1.9 1.2 | 138.8 | 0.140 | 30.1 49.2 66.6 0.16 0.00 2.98 2.61
A30 108.7 | 10.6 30.7 |136.5]| 3.1 1.5 1.0 | 133.1 | 0.134 | 29.2 40.2 62.5 0.16 0.00 2.64 | 494
A31 104.6 | 7.5 19.7 |181.0| 3.6 1.8 0.6 | 106.2 | 0.107 | 30.0 52.0 62.5 0.25 0.00 241 4.11
A32 1089 | 6.9 14.8 [209.2| 4.0 2.9 1.1 | 2259 | 0.229 | 31.0 | 42.0 15.0 0.17 0.00 2.64 3.55
A33 106.7 | 12.3 21.7 |103.0] 3.6 2.8 0.8 82.1 | 0.083 | 25.8 40.8 58.3 0.89 0.00 3.46 2.11
A34 108.9 | 14.5 39.4 |235.6| 64 3.2 1.2 | 283.1 | 0.287 | 29.9 99.6 10.0 0.12 0.00 1.21 1.53
A35 1054 | 9.7 227 [112.7| 5.2 2.5 1.2 | 136.2 | 0.138 | 24.0 71.6 53.5 0.14 0.00 2.84 | 291
A36 109.0 | 5.9 204 | 1053 5.0 2.6 1.7 ] 179.1 | 0.181 | 16.0 80.3 62.5 0.16 0.00 3.64 3.46
A37 107.8 | 10.7 32.7 |136.8| 5.8 2.5 1.5 | 2043 | 0.207 | 24.2 66.2 70.0 1.32 0.00 3.97 3.84
A38 106.0 | 9.8 264 |132.8]| 53 23 1.3 | 171.6 | 0.174 | 32.1 44.0 70.0 1.89 0.00 3.46 0.93
A39 107.2 | 11.1 324 |107.6| 5.6 2.8 1.2 | 129.8 | 0.131 | 29.8 59.1 75.0 1.75 0.00 4.61 4.62
A40 1054 | 124 | 247 [129.0] 53 2.7 1.1 | 1409 | 0.142 | 52.8 58.0 98.2 1.42 0.00 3.84 | 451
A41 1114 | 5.5 16.8 | 104.0| 6.2 2.1 1.1 | 115.1 | 0.116 | 39.6 36.0 55.0 0.75 0.00 2.98 5.88
A42 1083 | 6.7 22.8 [205.0| 6.5 2.2 1.1 | 2203 | 0.223 | 34.7 50.2 10.0 0.48 0.00 2.64 | 2.81
A43 107.2 | 124 349 |130.2] 53 23 2.1 | 2735 | 0.277 | 283 45.9 58.3 1.46 0.00 341 2.93
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Table 3. Continued

Accession| X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 | X12 X13 X14 | X15 X16
A44 1064 | 99 | 264 1102 56 | 21 | 1.1 | 1209 | 0.122 | 132 | 53.1 /500 | 0.79 | 0.00 | 1.62 | 4.81
A45 1125 | 7.6 | 228 | 968 | 56 | 24 | 09 | 873 | 0.088 | 20.0 | 383 |50.0| 042 | 000 | 2.55 | 3.33
A46 1046 | 10.8 | 347 | 903 | 52 | 1.8 | 1.1 | 988 |0.100 | 273 | 712|583 | 033 | 0.00| 3.44 | 281
A47 107.8 | 134 | 304 [121.6] 51 | 1.5 | 1.5 | 181.9 | 0.184 | 25.1 | 652 | 642 | 0.14 | 0.00 | 455 | 2.95
A48 105.1 | 59 | 228 |1446| 56 | 1.4 | 13 | 1868 | 0.189 | 26.6 | 350 | 83.3| 033 | 0.00 | 3.41 | 3.84
A49 106.1 | 67 | 217 | 795 | 45 | 1.7 | 12 | 944 | 0095 | 287 | 432|750 | 0.42 | 0.00| 2.55 | 3.44
A50 1332 | 15.1 | 41.1 [3351| 75 | 39 | 20 | 667.1 | 0676 | 10.9 |112.7] 0.0 | 0.18 | 0.00 | 0.13 | 1.22
A51 1084 | 9.6 | 226 [1338] 62 | 2.1 | 2.1 | 280.8 | 0284 | 30.8 | 60.0 | 75.0 | 0.21 | 0.00 | 2.95 | 2.99
A52 110.8 | 13.9 | 394 |2426| 7.1 | 3.0 | 1.8 | 433.6 | 0439 | 17.8 | 985 | 93 | 0.11 | 000 | 1.62 | 1.01
A53 993 | 58 | 18.6 |172.8| 40 | 24 | 07 | 117.8 | 0.119 | 153 | 52.0 | 68.7 | 025 |0.00 | 2.31 | 2.61
AS4 1134 | 68 | 224 |1040| 48 | 27 | 1.1 | 1134 | 0.115 | 10.0 | 48.6 | 60.0 | 0.22 | 0.00 | 4.61 | 2.55
ASS 108.4 | 109 | 40.1 [2629| 73 | 3.1 | 1.5 | 3983 | 0403 | 543 | 953 |10.7| 0.14 | 0.00 | 1.64 | 1.23
AS56 1169 | 98 | 203 | 925 | 45 | 24 | 1.6 | 1478 | 0.149 | 14.0 | 57.8 | 62.5| 0.89 | 0.00 | 2.64 | 1.89
AS57 1073 | 11.9 | 354 [2108| 65 | 3.0 | 1.1 | 2283 | 0231 | 323 | 89.1 | 12.5| 0.12 | 0.00 | 1.12 | 1.34
A58 1024 | 12.7 | 285 | 111.6| 40 | 24 | 1.0 | 1099 | 0.111 | 24.1 | 419 | 75.0 | 0.23 | 0.00 | 2.31 | 2.95
A59 111.8 | 107 | 27.6 |1163| 48 | 1.8 | 1.0 | 1157 | 0117 | 9.6 | 450|666 | 0.89 | 000 | 3.65 | 2.83
A60 1029 | 133 | 308 [2060| 51 | 21 | 05 | 100.1 | 0.101 | 10.8 | 69.3 | 83.3 | 033 | 0.00 | 4.11 | 3.72
A61 106.7 | 128 | 298 1006 | 63 | 1.6 | 1.0 | 101.1 | 0.102 | 254 | 82.0 | 333 | 0.16 | 0.00 | 2.14 | 3.92
AG62 110.7 | 9.6 | 324 |2202| 7.1 | 25 | 1.1 | 240.1 | 0243 | 29.0 | 855 | 13.8| 0.16 | 0.00 | 0.94 | 1.56
AG63 1117 | 7.8 | 189 |1193| 42 | 15 | 1.0 | 1189 | 0.120 | 21.3 | 67.0 | 583 | 0.78 | 0.00 | 2.98 | 2.33
A64 111.1 | 125 | 247 |1024| 45 | 28 | 1.1 | 1126 | 0.114 | 103 | 62.5 | 60.7 | 0.14 | 0.00 | 2.54 | 3.88
A65 1173 | 95 | 304 |1235] 41 | 1.6 | 12 | 1472 | 0.149 | 145 | 48.0 | 62.5| 047 | 0.00 | 2.82 | 3.46




Table 3. Continued

Accession| X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 | XI1 X12 | X13 | X14 | XI5 X16
A66 99.6 10.4 32.7 88.5 6.0 1.7 1.7 | 1494 | 0.151 | 103 | 59.9 | 87.5 | 0.78 | 0.00 | 0.99 2.64
A67 103.4 7.7 20.9 181.0 | 4.5 2.4 0.5 88.1 [0.089 | 95 | 438 | 750 | 0.65 | 0.00 | 2.64 2.98
A68 110.2 10.8 28.7 92.0 3.8 2.9 1.2 | 1163 | 0.117 | 17.5 | 47.1 | 66.6 | 0.16 | 0.00 | 4.61 2.43
A69 107.1 8.9 18.5 80.0 4.7 1.7 1.2 95.5 10.096 | 142 | 42.1 | 87.5 | 0.79 | 0.00 | 3.01 2.11
A70 96.3 13.7 399 |32433| 5.4 2.1 0.9 | 293.1 | 0.297 | 24.0 | 88.8 8.3 0.33 | 0.00 | 1.02 1.51
A7l 100.3 9.8 22.5 151.8 | 3.9 1.9 0.9 | 1309 | 0.132 | 143 | 66.6 | 50.0 | 0.89 | 0.00 | 2.62 2.94
AT72 104.1 5.6 19.8 124.8 | 4.0 1.4 2.0 | 2435 | 0.246 | 289 | 51.3 | 50.0 | 1.23 | 0.00 | 2.94 3.11
A73 108.3 6.7 21.7 126.1 | 2.9 2.7 1.1 | 141.1 | 0.143 | 30.1 | 47.8 | 464 | 0.14 | 0.00 | 3.16 3.66
AT74 107.2 8.7 18.6 100.9 | 4.0 1.8 1.1 | 111.1 | 0.112 | 24.6 | 60.8 | 57.1 | 1.47 | 0.00 | 4.62 3.76
A5 104.7 7.6 24.6 197.0 | 4.1 2.8 0.4 753 10.076 | 28.1 | 973 | 70.8 | 1.89 | 0.00 | 3.71 1.62
A76 107.6 9.7 27.6 182.4 | 4.2 2.6 0.8 | 1443 1 0.146 | 99 | 663 | 650 | 1.56 | 0.00 | 3.95 1.88
A7 107.9 8.2 20.7 170.0 | 3.3 1.4 1.1 | 1859 | 0.188 | 10.2 | 43.0 | 55.0 | 1.88 | 0.00 | 2.94 2.99
A78 96.1 10.5 15.6 90.5 5.0 2.8 1.3 | 118.1 | 0.119 | 204 | 785 | 75.0 | 0.78 | 0.00 | 2.81 2.86
Mean 107.65 | 10.06 | 26.86 |142.54| 5.02 | 236 | 1.19 | 168.76 | 0.170 |22.85|59.77| 54.43 | 0.65 | 0.00 | 2.74 3.02

Xi Number of days to first flowering X9 Fruit yield per plot (kg)

X2 Number of primary branches X10  Number of seeds per fruit

X3 Number of secondary branches X11  Plant height (cm)

X4 Number of fruits per plant X12  Incidence of leaf curl disease

X5 Average fruit length (cm) X13  Number of white flies per plant

X6 Average fruit width (cm) X14  Number of aphids per plant

X7 Individual fruit weight (g) X15  Number of thrips per leaf

X8 Fruit yield per plant (g) X16  Number of mites per leaf
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A4, (6.2), A70 (8.3), A52 (9.3), A34 (10), A42 (10), A28 (10), A55 (10.7), A7
(12.5), A13 (12.5), A24 (12.5), A57 (12.5), A62 (13.8) and A32 (15) (Table 4).

Accession A4 (0.11) and accession A52 (0.11) had the lowest number of
white flies per plant and it was followed by A34 (0.12), A57 (0.12), A28 (0.14),
AS5 (0.14), A24 (0.16), A6l (0.16), A62 (0.16) and AS0 (0.18). Accession A16
(2.31) had the highest number of white flies per plant.

Number of thrips per leaf varied from 0.12 (A28) to 4.62 (A74). Accession
A28 had the lowest number of thrips per leaf and it was followed by A50 (0.13),
A4 (0.19), A62 (0.94) and A66 (0.99).

Accession A38 had the lowest number of mites per leaf (0.93) and it was
followed by A28 (0.98) and A23, (0.99). The highest number of mites per leaf
observed in A41 (5.88).

No aphids were observed in any accessions studied.

4.1.1.2 Genetic divergence analysis

The quantitative assessment of genetic divergence was for 78 genotypes and

the results obtained from the study are presented below.

4.1.1.2.1 Grouping of genotypes into various clusters

The seventy eight genotypes were subjected to clustering using dendrogram.
Based on dendrogram the genotypes were grouped into different clusters at

Euclidean variance 20 (Fig. 1).

Cluster II was the largest group with 24 genotypes followed by cluster IV
with 13 genotypes, cluster I with 11 genotypes, cluster V with 9 genotypes, cluster
IX with 8 genotypes, cluster VI with 7 genotypes, cluster VII with 3 genotypes,
cluster VIII with 2 genotypes and cluster III with 1 genotype (Table 5).
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Table 4. Categorization of accessions based on vulnerability index of leaf curl disease incidence

S1.
V.1 Category Genotypes
No.
1. 0.00 Resistant(R)
A50
A4, A7,A13, A24, A28, A32, A34, A42, A52, AS5, A57, A62 and A70
2. 1.00-25.00 | Tolerant (T)
Al, A5, A23, Ad4, A45, A61,A71,A72 and A73
3. 25.01- 50.00 | Susceptible(S)
A2, A3, A6, A8, A9, A10,Al1, A12,Al4, A15, Al6,A17,A18,A19, A20, A21,
] ) A22,A25, A26,A27,A29, A30, A31, A33, A35, A36, A37, A38, A39, A40, A4l,
Highly  susceptible
4. >50.00 (HS) A43, Ad6, A47, A48, A49, AS51, AS53, AS54, AS56, A58, AS59, A60, A63, A64, A6S,

A66,A67, A68, A69, A74,AT75,A76,AT77 and A78
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Fig. 1. Dendrogram of 78 genotypes of bird chilli
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Table 5. Distribution of 78 chili genotypes in different clusters

Cluster No of
No genotypes Cluster members
I 11 Al, AS51, Al6, A72, A12, A43, A23, A37, A39, All,
A40
II 24 | A2, A25, A27, A8, A6, A64, A9, A58, AS, A54, A6S,
A8, A60, A19, Ad6, A47, A61, Al7, Ad4, A18, A59,
A65, A20, A45
111 1 Al3
v 13 A3, A35, A78, A66, A29, A49, A63, A69, A48, Al4,
AS6, A21, A36,
A% 9 AlS, A22, A74, A77, A76, AS53, A67, A10, A71
VI 7 A30, A31, A7, A41, A32, A73, A42
VII 3 A26, A38, A75
VIII 2 A4, A50
IX 8 A24, A28, A34, A52, ASS5, A57, A62, A70
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4.1.1.2.2 Cluster means of the characters

The cluster means for 15 characters are furnished in Table 6. Cluster VIII had
the maximum cluster mean for fruit yield per plant (645.60), followed by number
of fruits per plant (324.05), plant height (121.95), number of days to first flowering
(121.90), number of secondary branches (43.15), number of primary branches
(15.45), average fruit length (7.50), average fruit width (3.75) and individual fruit
weight (2.00).

The genotypes in cluster V exhibited lowest number of days to first flowering
(103.30) while in cluster VIII it was the highest (121.90). The maximum number of
primary branches per plant was observed in cluster VIII (15.45) and the minimum
number in cluster VI (7.50). The highest number of secondary branches per plant
was recorded for cluster VIII (43.15) and the lowest for cluster IV (20.17). The
maximum number of fruits per plant was recorded in cluster VIII (324.05) and the
minimum in cluster IV (105.55). Fruit length varied from 7.50 in cluster VIII to
3.00 in cluster III. The maximum fruit width was observed in cluster VIII (3.75)
and the minimum was in cluster IV (2.12). The highest individual fruit weight was
observed for cluster VIII (2.00) and lowest was in cluster V (0.83). The maximum
fruit yield per plant was reported in cluster VIII (645.60) while the minimum was
in cluster II (106.01). The maximum number of seeds per fruit was shown by cluster
I (32.41) and the minimum was in cluster III (10.80). Cluster VIII reported the
maximum plant height (121.95) while cluster VI exhibited the minimum (46.77).
The highest and the lowest incidence of leaf curl disease was recorded for cluster
IV (71.41) and VIII (3.10) respectively. Cluster VII recorded the highest number of
white flies per plant (1.56) while the lowest was in cluster VIII (0.15). Cluster VII
had the highest number of thrips per leaf (3.60) while genotypes in cluster VIII
exhibited the lowest (0.16). The highest number of mites per leaf was observed for

cluster VI (4.22) and the lowest was for cluster VIII (1.15).

54



Table 6. Cluster mean values of 15 different characters of 78 bird chili genotypes

Cluster

means X1 X2 X3 X4 X5 | X6 | X7 X8 X9 X10 | X11 | X12 | X13 | X14 | XI5
Cluster -1 107.27 | 10.62 | 27.05 | 124.20 | 5.65 | 2.39 | 1.67 | 206.78 | 32.41 | 58.06 3 63.50 | 1.23 | 3.09 | 3.51
Cluster -1 108.25 | 11.05 | 29.08 | 108.09 | 4.64 | 2.22 | 1.03 | 106.01 | 17.72 | 52.15 3 62.52 | 0.41 | 3.10 | 3.40
Cluster -I11 114.40 | 14.60 | 32.80 | 255.50 | 3.00 | 3.00 | 1.20 | 302.90 | 10.80 | 49.20 3 12.50 | 0.75 | 3.47 | 2.86
Cluster -1V 107.58 | 8.28 |20.17 | 105.55 | 498 | 2.12 | 1.32 | 136.33 | 20.38 | 57.98 3 71.41 | 0.52 | 2.68 | 2.89
Cluster -V 103.30 | 7.80 |20.90 | 147.80 | 4.19 | 2.21 | 0.83 | 114.13 | 14.18 | 52.14 3 60.56 | 1.26 | 3.06 | 2.96
Cluster -VI 109.50 | 7.50 | 21.54 | 162.51 | 437 | 2.17 | 0.91 | 144.54 | 31.81 | 46.77 3 37.70 | 0.34 | 2.78 | 4.22
Cluster -VII 109.50 | 9.00 |24.23 | 14743 | 433 | 2.70 | 1.03 | 134.83 | 26.57 | 61.50 5 67.77 | 1.56 | 3.60 | 1.83
Cluster -VIII | 121.90 | 15.45 | 43.15 | 324.05 | 7.50 | 3.75 | 2.00 | 645.60 | 28.00 | 121.95 3 3.10 | 0.15 | 0.16 | 1.15
Cluster -IX 104.63 | 12.50 | 38.40 | 246.53 | 6.70 | 2.91 | 1.30 | 316.79 | 29.80 | 93.01 3 10.89 | 0.16 | 1.09 | 1.38

X1 Number of days to first flowering X9  Number of seeds per fruit

X2 Number of primary branches X10  Plant height (cm)

X3 Number of secondary branches X11 Leaf pubescence

X4  Number of fruits per plant X12 Incidence of leaf curl disease

X5 Average fruit length (cm) X13  Number of white flies per plant

X6  Average fruit width (cm) X14  Number of thrips per leaf

X7 Individual fruit weight (g) X15 Number of mites per leaf

X8 Fruit yield per plant (g)
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4.2 EXPERIMENT II

4.2.1 Confirmation study

The performance of 10 genotypes was evaluated for various characters.

4.2.1.1 Variability

The genotypes showed significant differences for all the traits under study.

4.2.1.2 Mean performance

Table 7 gives the mean values of the genotypes for yield and other traits.

The genotype T2 took only 91.30 days to produce the first flower and it was
on par with 6 other genotypes viz., T6 (91.33), T4 (91.40), T7 (91.53), T3 (91.57),
T9 (91.70) and T10 (92.07). The genotype T8 took the longest duration for first
flowering i.e. 99.27 days.

Number of primary branches varied from 11.37 (T9) to 21.27 (T1). The
genotype T1 was on par with T2 (19.77).

The genotype T5 had the highest number of secondary branches per plant
(49.97) and TS5 was on par with T10 (47.70). The genotype T9 had the lowest

number of secondary branches per plant (33.47).

The genotype TS5 was produced the largest number of fruits per plant (391.03)
and it was significantly superior to all other genotypes. The genotype T8 produced
less number of fruits per plant (209.83).

The highest average fruit length was observed for T1 (7.53cm) and it was on
par with TS (7.40 cm) and T7 (7.43 cm). The lowest fruit length was for T10
(5.43 cm).
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Table 7. Mean performance of 10 genotypes for different characters

57

Tﬁ‘gﬁg‘f Genotype Xl | X2 |x3 X4 | X5 | X6 | X7 | X8 | X9 | X10 | XIl | XI2 | X13 [X14| XI5 | X16
Tl Vandithadam-I 98.47 |21.27 | 4597 | 35570 | 7.53 3.67 2.13 | 757.73 | 0.765 47.80 | 133.97 | 2.77 | 0.67 |1 0.00 | 2.31 | 1.50
T2 Kakkamoola-IX 91.30 | 19.77 | 40.40 | 279.77 | 7.27 3.03 1.47 | 409.10 | 0.413 31.83 | 10347 | 553 | 0.67 | 0.00 | 2.87 | 2.40
T3 Kottakkal-IV 91.57 | 13.50 | 42.13 | 298.13 | 6.57 3.47 1.50 | 445.67 | 0.451 21.20 87.80 | 10.27 | 1.34 | 0.00 | 2.57 | 1.93
T4 Kozhencheri 91.40 | 15.63 | 39.50 | 285.80 | 6.63 3.30 1.03 | 294.20 | 0.298 31.30 | 102.10 | 13.87 | 1.27 ] 0.00 | 2.16 | 2.21
T5 Kumarapuram-I 98.73 | 17.60 | 49.97 | 391.03 | 7.40 3.97 2.07 | 807.60 | 0.815 12.27 [ 113.80 | 0.00 | 0.45 | 0.00 | 1.91 | 1.78
T6 Kumarapuram-II 91.33 | 15.53 | 42.50 | 314.77 | 7.10 3.10 1.73 | 544.40 | 0.551 18.60 96.10 | 12.50 | 1.43 | 0.00 | 2.95 | 2.09
T7 Thamallakkal 91.53 | 12.47 | 41.07 | 301.73 | 7.43 3.17 1.73 | 522.67 | 0.528 52.17 98.07 | 11.07 | 1.59 [ 0.00 | 2.31 | 2.14
T8 Kalitthatu 99.27 |12.23 | 40.00 | 209.83 | 6.50 3.03 1.03 | 216.97 | 0.219 30.73 89.00 | 8.87 | 0.92 | 0.00| 1.90 | 2.18
9 Chappanangadi-III | 91.70 | 11.37 | 33.47 | 239.83 | 7.17 2.57 1.00 | 237.03 | 0.241 29.00 86.23 | 13.87 | 0.85 | 0.00 | 2.26 | 2.01
T10 Narikkuni-II 92.07 | 17.40 | 47.70 | 356.13 | 5.43 2.13 093 |329.93 | 0.334 | 26.27 8593 [ 10.27 | 1.06 | 0.00 | 2.41 | 2.02
Mean 93.74 | 15.68 | 42.27 | 303.27 | 6.90 3.14 1.46 | 456.53 | 0.461 30.12 99.65 | 890 | 1.03 | 0.00 | 2.37 | 2.02
C.V. 0.77 | 835 | 4.96 1.84 1.46 1.91 3.55 3.59 |3.6379 1.00 1.45 | 3537 | 6.50 | 0.00 | 544 | 538
F ratio 70.73 | 19.47 | 15.01 | 290.41 | 121.13 | 228.26 | 225.05 | 467.73 | 451.9 | 4981.21 | 324.64 | 6.69 | 95.72 | 0.00 | 22.89 | 15.79
S.E. 042 | 0.76 1.21 3.22 0.06 0.03 0.03 9.46 0.01 0.17 0.83 1.82 | 0.04 | 0.00 | 0.07 | 0.06
C.D. 5% 1.24 | 225 | 3.59 9.55 0.17 0.10 0.09 28.09 | 0.03 0.52 248 | 540 | 0.11 ] 0.00 | 0.22 | 0.19
Xy Number of days to first flowering X9 Fruit yield per plot (kg)
X2 Number of primary branches X10  Number of seeds per fruit
X3 Number of secondary branches X11  Plant height (cm)
X4 Number of fruits per plant X12  Incidence of leaf curl disease
X5 Average fruit length (cm) X13  Number of white flies per plant
X6 Average fruit width (cm) X14  Number of aphids per plant
X7 Individual fruit weight (g) X15  Number of thrips per leaf
X8 Fruit yield per plant (g) X16  Number of mites per leaf



Plate 4. Fruit character of 10 selected bird chilli genotypes




The genotype TS5 showed highest fruit width (3.97 cm) and it was
significantly superior to all other genotypes. Fruit width was the lowest for T10

(2.13cm).

Individual fruit weight ranged from 0.93 g (T10) to 2.13 g (T1). T1 was on
par with the genotype T5 (2.07 g).

Fruit yield per plant was the highest for T5 (807.60 g) and the lowest for T8
(216.97 g). The genotype TS5 was significantly superior to all other genotypes.

Number of seeds per fruit ranged from 12.27 (T5) to 52.17 (T7). The genotype

T7 was found superior to all other genotypes.

Plant height was the highest for T1 (133.97 cm) and it was significantly

superior to all other genotypes. The genotype T10 had the lowest plant height
(85.93 cm).

Vulnerability index was calculated on the basis of disease scoring and showed

arange of 0 (T5) to 13.87 (T4 and T9). The genotype T5 was on par with T1 (2.77).

The genotype TS5 had the lowest number of white flies per plant (0.45) and
was significantly superior to all other genotypes. The genotype T7 had the highest
number of white flies per plant (1.59).

Number of thrips per leaf varied from 1.90 (T8) to 2.95 (T6) and T8 was on
par with T5 (1.91).

The genotype T1 had the lowest number of mites per leaf (1.50) and it was
significantly superior to all other genotypes. The genotype T2 had the highest
number of mites per leaf (2.40).
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Table 8. Genetic parameters

Variance Coefficient of variation Genetic
. Heritabilit | advance
Character Phenotyp | o otypic | EVIOMM | by | Gov | ECv y (as % of
ic ental
mean)
Number of days to first 12.75 12.22 0.53 381 | 3.73 0.77 95.88 7.52
flowering
Number of primary 12.27 10.56 1.71 2234 | 20.72 8.35 86.03 39.60
branches
Number of secondary 24.90 20.51 4.39 11.80 | 10.71 4.96 82.37 20.03
branches
Number of fruits per plant | 3022.78 2991.77 31.01 18.13 | 18.04 1.84 98.97 36.96
Average fruit length (cm) 0.41 0.40 0.01 933 | 9.22 1.46 97.56 18.76
Average fruit width (cm) 0.28 027 0.00 16.71 | 16.60 1.91 98.70 33.97
Individual fruit weight (g) | 0.20 0.20 0.00 30.91 | 30.71 3.55 98.68 62.84
Fruit yield per plant (2) | 41999.21 | 41730.98 | 26823 | 44.89 | 44.75 3.59 99.36 91.88
Number of seeds per fruit 150.11 150.02 0.09 40.68 | 40.67 1.00 99.94 83.75
Plant height (cm) 227.56 225.47 2.09 15.14 | 15.07 1.45 99.08 30.90
Incidence of leaf curl 28.70 18.80 9.91 6020 | 48.71 | 3537 65.48 81.20
disease (V.])
Number Ogﬁﬁte fliesper | 14 0.14 0.00 | 37.10 | 3653 | 650 96.93 74.09
Number of thrips per leaf 0.14 0.12 0.02 15.65 | 14.68 5.44 87.95 28.36
Number of mites per leaf 0.07 0.06 0.01 13.09 | 11.94 5.38 83.13 22.42
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4.2.1.3. Coefficient of variation

The phenotypic, genotypic and environmental coefficients of variations were
worked out and are presented in Table 8.

4.2.1.3.1 Phenotypic coefficient of variation

The phenotypic coefficient of variation (PCV) was the highest for incidence
of leaf curl disease (60.20), fruit yield per plant (44.89), number of seeds per fruit
(40.68), number of white flies per plant (37.10), individual fruit weight (30.91) and
number of primary branches (22.32). Moderate phenotypic coefficient of variation
was observed for number of fruits per plant (18.13), average fruit width (16.71),
number of thrips per leaf (15.65), plant height (15.14), number of mites per leaf
(13.09) and number of secondary branches (11.80). The characters number of days
to first flowering (3.81) and average fruit length (9.33) had low phenotypic

coefficient of variation.

4.2.1.3.2 Genotypic coefficient of variation

Genotypic coefficient of variation (GCV) ranged from 3.73 for number of
days to first flowering to 48.71 for incidence of leaf curl disease. It was the highest
for incidence of leaf curl disease (48.71), fruit yield per plant (44.75), number of
seeds per fruit (40.67), number of white flies per plant (36.53), individual fruit
weight (30.71) and number of primary branches (20.72). Moderate genotypic
coefficient of variation was observed for number of fruits per plant (18.04), average
fruit width (16.60), plant height (15.07), number of thrips per leaf (14.68), number
of mites per leaf (11.94) and number of secondary branches (10.71). The characters
number of days to first flowering (3.73) and average fruit length (9.22) had low

genotypic coefficient of variation.
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4.2.1.3.3 Environmental coefficient of variation

In general, the environmental coefficient of variation (ECV) was low for most
of the characters. However, incidence of leaf curl disease (35.37), number of
primary branches (8.35) and number of white flies per plant (6.50) showed
comparatively higher ECV indicating the influence of environment on these

characters.

4.2.1.4 Heritability

High heritability (in broad sense) estimate was recorded for all the characters
under study (Table 8). The highest heritability was obtained for number of seeds
per fruit (99.94 %) followed by fruit yield per plant (99.36 %), plant height
(99.08 %), number of fruits per plant (98.97 %), average fruit width (98.70 % ),
individual fruit weight (98.68 %), average fruit length (97.56 %), number of white
flies per plant (96.93 %), number of days to first flowering (95.88 %), number of
thrips per leaf (87.95 %), number of primary branches (86.03 %), number of mites
per leaf (83.13 %), number of secondary branches (82.37 %) and incidence of leaf
curl disease (65.48 %).

4.2.1.5 Genetic advance (as percentage of mean)

All the characters exhibited high genetic advance except for number of days
to first flowering 7.52 % (low genetic advance) and average fruit length 18.76 %
(moderate genetic advance). The highest estimate of genetic advance obtained was
91.88 % (fruit yield per plant) followed by 83.75 % (number of seeds per fruit),
81.20 % (incidence of leaf curl disease) and 74.09% (number of white flies per
plant) (Table 8).
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Table 9. Genotypic correlation coefficients

Characters | X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14

X1 1.0000 0.2398 0.4614* 0.1725 0.1982  0.4939**  (0.3754* 0.4164%* -0.0053  0.5247**  -0.7821** -0.6324** -0.6885**  -0.5770**
X2 1.0000 0.6658**  0.6680**  0.1408  0.2937 0.4895**  0.5864**  0.0502  0.7714**  -0.7239** -0.5517** 0.2701 -0.3516
X3 1.0000 0.9092**  -0.1423  0.3590 0.5609**  0.7340**  -0.2389  0.4750**  -0.7936** -0.2982 -0.1447 -0.5494**
X4 1.0000 0.0601  0.3536 0.6321**  0.8073**  -0.1677 0.5488**  -0.6155%** -0.2192 0.0447 -0.6181**
X5 1.0000  0.6483**  0.7186**  0.5733**  0.2865  0.6138** -0.4158* -0.2333 0.0519 -0.2182
X6 1.0000 0.7773**  0.7324**  -0.0494  0.6900**  -0.6501** -0.2328 -0.2524 -0.4571*
X7 1.0000 0.9610*%*  0.1087  0.7697**  -0.7401** -0.2084 0.1092 -0.5988%**
X8 1.0000 -0.0037  0.7856**  -0.8042%* -0.2970 0.0102 -0.6962**
X9 1.0000  0.3239 0.0702 0.2091 -0.0590 -0.0524
X10 1.0000 -0.7749** -0.4848** -0.1202 -0.6210%*
X11 1.0000 0.8204** 0.2743 0.5512%*
X12 1.0000 0.3431 0.3605
X13 1.0000 0.3247
X14 1.0000

X, Number of days to first flowering X8 Fruit yield per plant (g)

X2 Number of primary branches X9  Number of seeds per fruit

X3 Number of secondary branches X10 Plant height (cm)

X4  Number of fruits per plant X11  Incidence of leaf curl disease

X5 Average fruit length (cm) X12  Number of white flies per plant

X6  Average fruit width (cm) X13  Number of thrips per leaf

X7 Individual fruit weight (g) X14  Number of mites per leaf

* significant at 5% level

** significant at 1% level




4.2.1.6 Correlation coefficient analysis

The correlation between different traits was computed as genotypic,

phenotypic and environmental correlation coefficients and presented here under.

4.2.1.6.1 Genotypic correlation coefficient

The Genotypic correlation coefficients are given in Table 9. High positive
correlation was recorded for fruit yield per plant with individual fruit weight
(0.9610), number of fruits per plant (0.8073), plant height (0.7856), number of
secondary branches (0.7340), average fruit width (0.7324), number of primary
branches (0.5864), fruit length (0.5733) and number of days to first flowering
(0.4164). The association was significantly negative with incidence of leaf curl

disease (-0.8042) and number of mites per leaf (-0.6962).

Number of days to first flowering showed significant positive correlation with
plant height (0.5247), fruit width (0.4939), number of secondary branches (0.4614),
fruit yield per plant (0.4164) and individual fruit weight (0.3754). It had negative
association with incidence of leaf curl disease (-0.7821), number of thrips per leaf
(-0.6885), number of white flies per plant (-0.6324) and number of mites per leaf
(-0.5770).

Number of primary branches per plant was negatively correlated with
incidence of leaf curl disease (-0.7239), number of white flies per plant (-0.5517)
and number of mites per leaf (-0.3516) while it was positive with rest of the
characters. It showed high positive genotypic correlation with plant height (0.7714),
number of fruits per plant (0.6680), number of secondary branches (0.6658), fruit
yield per plant (0.5864) and individual fruit weight (0.4895).

Number of secondary branches had high positive correlation with number of
fruits per plant (0.9092) followed by fruit yield per plant (0.7340), number of
primary branches (0.6658), individual fruit weight (0.5609) and number of days to
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first flowering (0.4614). The correlation was negative with incidence of leaf curl

disease (-0.7936) and number of mites per leaf (-0.5494).

Number of fruits per plant had high positive correlation with number of
secondary branches (0.9092) followed by fruit yield per plant (0.8073), number of
primary branches (0.6680), individual fruit weight (0.6321) and plant height
(0.5488). It had negative association with number of mites per leaf (-0.6181) and

incidence of leaf curl disease (-0.6155).

Fruit length had the maximum positive genotypic correlation with individual
fruit weight (0.7186), average fruit width (0.6483), plant height (0.6138) and fruit
yield per plant (0.5733). It had significant negative correlation with incidence of

leaf curl disease (-0.4158).

Fruit width had strong positive correlation with individual fruit weight
(0.7773), fruit yield per plant (0.7324), plant height (0.6900), fruit length (0.6483)
and number of days to first flowering (0.4939). The correlation was strong and
negative with incidence of leaf curl disease (-0.6501) and number of mites per leaf

(-0.4571).

Individual fruit weight had strong and positive correlation with fruit yield per
plant (0.9610), fruit width (0.7773), plant height (0.7697), fruit length (0.7186),
number of fruits per plant (0.6321), number of secondary branches (0.5609),
number of primary branches (0.4895) and number of days to first flowering
(0.3754). The value was strong and negative with incidence of leaf curl disease

(-0.7401) and number of mites per leaf (-0.5988).

Number of seeds per fruit had no significant correlation, though it was
positive with plant height (0.3239) and fruit length (0.2865). It was negative with
number of secondary branches (-0.2389) and number of fruits per plant (-0.1677).

Plant height had positive correlation with all the characters except for

incidence of leaf curl disease (-0.7749), number of mites per leaf (-0.6210), number
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of white flies per plant (-0.4848) and number of thrips per leaf (-0.1202). High
positive correlation was obtained for fruit yield per plant (0.7856), number of
primary branches (0.7714), individual fruit weight (0.7697), fruit width (0.6900),
fruit length (0.6138), number of fruits per plant (0.5488), number of days to first
flowering (0.5247) and number of secondary branches (0.4750).

Incidence of leaf curl disease had negative genotypic correlation with most of
the characters. The genotypic correlation was significantly positive with number of

white flies per plant (0.8204) and number of mites per leaf (0.5512).

Number of white flies per plant had negative genotypic correlation with most
of the characters while it was significantly positive with incidence of leaf curl

disease (0.8204).

The genotypic correlation of number of thrips per leaf was significantly
negative with number of days to first flowering (-0.6885) while it was positive with

majority of the characters.

Number of mites per leaf had negatively significant correlation with fruit
yield per plant (-0.6962), plant height (-0.6210), number of fruits per plant
(-0.6181), individual fruit weight (-5988), number of days to first flowering
(-0.5770), number of secondary branches (-0.5494) and fruit width (-0.4571). It had

significant positive correlation with incidence of leaf curl disease (0.5512).

4.2.1.6.2 Phenotypic correlation coefficient

The phenotypic correlation coefficients are presented in Table 10. High
positive correlation was recorded for fruit yield per plant with individual fruit
weight (0.9599), number of fruits per plant (0.7992), plant height (0.7775), average
fruit width (0.7222), number of secondary branches (0.6555), number of primary
branches (0.5519), fruit length (0.5668) and number of days to first flowering
(0.4052). The association was significantly negative with incidence of leaf curl

disease (-0.6543) and number of mites per leaf (-0.6419).
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Table 10. Phenotypic correlation coefficients

* significant at 5% level

** significant at 1% level

Characters | X1 X2 X3 X4 XS5 X6 X7 X8 X9 X10 X11 X12 X13 X14

X1 1.0000 0.2357 0.4086*  0.1660 0.1941  0.4781** 0.3651*  0.4052*  -0.0045 0.5061** -0.6050**  -0.6143**  -0.6291**  -0.5107**
X2 1.0000 0.5418** 0.6145** 0.1406  0.2567 0.4690**  0.5519** 0.0453  0.7002** -0.5966**  -0.4902**  0.2182 -0.3196
X3 1.0000 0.8179*%*  -0.1297 0.3453 0.4971**  0.6555** -0.2151 0.4365*  -0.5404**  -0.2461 -0.0638 -0.4543*
X4 1.0000 0.0630  0.3495 0.6213**  0.7992** -0.1668 0.5416** -0.5015**  -0.2118 0.0332 -0.5666**
X5 10000 engo%* 0.7100%* O-5668** 02839  0.6025** -03147  -02158  0.0273 -0.2294
X6 1.0000 0.7614**  0.7222**  -0.0495 0.6813** -0.5298**  -0.2355 -0.2064 -0.4192*
X7 1.0000 0.9599**  0.1080  0.7606** -0.6023**  -0.2024 0.0975 -0.5558**
X8 1.0000 -0.0040 0.7775**  -0.6543**  -0.2930 0.0076 -0.6419%*
X9 1.0000  0.3230 0.0582 0.2059 -0.0545 -0.0493
X10 1.0000 -0.6262**  -0.4664**  -0.1127 -0.5667**
X11 1.0000 0.6655%* 0.1793 0.4411*
X12 1.0000 0.2935 0.3075
X13 1.0000 0.2457
X14 1.0000

X, Number of days to first flowering X8 Fruit yield per plant (g)

X2 Number of primary branches X9  Number of seeds per fruit

X3 Number of secondary branches X10 Plant height (cm)

X4  Number of fruits per plant XI11 Incidence of leaf curl disease

X5 Average fruit length (cm) X12  Number of white flies per plant

X6  Average fruit width (cm) X13  Number of thrips per leaf

X7  Individual fruit weight (g) X14  Number of mites per leaf
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Number of days to first flowering showed significant positive correlation with
plant height (0.5061), fruit width (0.4781), number of secondary branches (0.4086),
fruit yield per plant (0.4052) and individual fruit weight (0.3651). It had negative
association with number of thrips per leaf (-0.6291), number of white flies per plant
(-0.6143), incidence of leaf curl disease (-0.6050) and number of mites per leaf
(-0.5107).

The interrelationship of number of primary branches was negative with
incidence of leaf curl disease (-0.5966), number of white flies per plant (-0.4902)
and number of mites per leaf (-0.3196) while it was positive for rest of the
characters. It showed high positive phenotypic correlation with plant height
(0.7002), number of fruits per plant (0.6145), fruit yield per plant (0.5519), number
of secondary branches (0.5418) and individual fruit weight (0.4690).

Number of secondary branches had positive correlation with number of fruits
per plant (0.8179), fruit yield per plant (0.6555), number of primary branches
(0.5418), individual fruit weight (0.4971), plant height (0.4365) and number of days
to first flowering (0.4086). It was negative with incidence of leaf curl disease

(-0.5404) and number of mites per leaf (-0.4543).

Number of fruits per plant had positive correlation with number of secondary
branches (0.8179), fruit yield per plant (0.7992), individual fruit weight (0.6213),
number of primary branches (0.6145) and plant height (0.5416). It had negative
correlation with incidence of leaf curl disease (-0.5015) and number of mites per

leaf (-0.5666).

Fruit length had the maximum positive phenotypic correlation with individual
fruit weight (0.7100), average fruit width (0.6280), plant height (0.6025) and fruit
yield per plant (0.5668). It showed maximum negative correlation with incidence
of leaf curl disease (-0.3147), number of mites per plant (-0.2294), number of white
flies per plant (-0.2158) and number of secondary branches (-0.1297).
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Fruit width had strong positive correlation with individual fruit weight
(0.7614), fruit yield per plant (0.7222), plant height (0.6813), fruit length (0.6280)
and number of days to first flowering (0.4781). The correlation was strong and
negative with incidence of leaf curl disease (-0.5298) and number of mites per leaf

(-0.4192).

Strong positive correlation of individual fruit weight was obtained with fruit
yield per plant (0.9599), fruit width (0.7614), plant height (0.7606), fruit length
(0.7100), number of fruits per plant (0.6213), number of secondary branches
(0.4971), number of primary branches (0.4690) and number of days to first
flowering (0.3651). It was strong and negative with incidence of leaf curl disease

(-0.6023) and number of mites per leaf (-0.5558).

The interrelationship of number of seeds per fruit had no significant values;
but it was positive with plant height (0.3230) and fruit length (0.2839). It was
negative with number of secondary branches (-0.2151) and number of fruits per

plant (-0.1668).

Plant height had positive correlation with all the characters except incidence
of leaf curl disease (-0.6262), number of mites per leaf (-0.5667), number of white
flies per plant (-0.4664) and number of thrips per leaf (-0.1127). High positive
correlation was observed for fruit yield per plant (0.7775), individual fruit weight
(0.7606), number of primary branches (0.7002), fruit width (0.6813), fruit length
(0.6025), number of fruits per plant (0.5416), number of days to first flowering
(0.5061) and number of secondary branches (0.4365).

Incidence of leaf curl disease had negative phenotypic correlation with most
of the characters. The phenotypic correlation was significantly positive with

number of white flies per plant (0.6655) and number of mites per leaf (0.4411).

Number of white flies per plant had negative phenotypic correlation with
most of the characters while it was significantly positive with incidence of leaf curl

disease (0.6655).
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Table 11. Environment correlation coefficients

Characters | X1 X2 X3 X4 XS5 X6 X7 X8 X9 X10 X11 X12 X13 X14
X1 1.0000 0.2361 -0.0164 -0.1018 0.0760 -0.1023 -0.0030 -0.0755 0.1404 -0.2749 0.1231  -0.1297 0.0448 0.0541
X2 1.0000 -0.1193  -0.0501 0.1993  -0.3259 0.4203*  0.3274 -0.1369 -0.3330 -0.2424  0.2077 -0.1287 -0.1445
X3 1.0000 -0.0709 -0.032  0.4499* -0.1773 -0.2546 0.1564 0.1845 0.1719  0.2767 0.4076*  0.0020
X4 1.0000 0.2505  0.0002 -0.2915 -0.1702 -0.0044 -0.1872 -0.1002  0.1609 -0.2411 -0.1426
X5 1.0000 -0.4578%* 0.2727 0.1824 0.2696 -0.0646 0.1927  0.4043* -0.3837*  -0.5132%**
X6 1.0000 -0.4397*  -0.3425 -0.1644 -0.0972 -0.1075 -0.3904*  0.7255** -0.1091
X7 1.0000 0.9142**  0.0355 -0.0402 -0.1096 0.0700 -0.1054 -0.2858
X8 1.0000 -0.1546 -0.2622 -0.1192  -0.1066 -0.0685 -0.2790
X10 1.0000 0.2693 0.0977  0.0389 0.0863 -0.1571
XI11 1.0000 -0.0364  0.5206** -0.0132 -0.0776

X12 1.0000  0.1151 -0.1412 0.1423
X13 1.0000 -0.3821*  -0.2243
X14 1.0000 -0.2245
X15 1.0000

X, Number of days to first flowering X8 Fruit yield per plant (g)

X2 Number of primary branches X9  Number of seeds per fruit

X3 Number of secondary branches X10 Plant height (cm)

X4  Number of fruits per plant XI11 Incidence of leaf curl disease

X5 Average fruit length (cm) X12  Number of white flies per plant

X6  Average fruit width (cm) X13  Number of thrips per leaf

X7  Individual fruit weight (g) X14  Number of mites per leaf

* significant at 5% level

** significant at 1% level
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The phenotypic correlation for number of thrips per leaf was significant and
negative with days to first flowering (-0.6291), while it was non significant and

positive with other characters.

Number of mites per leaf had negatively significant correlation with fruit
yield per plant (-0.6419), plant height (-0.5667), number of fruits per plant
(-0.5666), individual fruit weight (-0.5558), number of days to first flowering
(-0.5107), number of secondary branches (-0.4543) and fruit width (-0.4192). It was

significant and positive with incidence of leaf curl disease (0.4411).

4.2.1.6.3 Environmental correlation coefficient

The environmental correlation coefficients are presented in Table 11. Most of
the characters showed a low value for environmental correlation. However, high
positive correlation was observed for fruit yield per plant with individual fruit
weight (0.9142). Number of thrips per leaf had high positive correlation with fruit
width (0.7255) and number of secondary branches (0.4076). High positive
correlation was observed for number of white flies per plant with plant height
(0.5206) and fruit length (0.4043). Average fruit width had high positive correlation
with number of secondary branches (0.4499) finally individual fruit weight had

high positive correlation with number of primary branches (0.4203).

4.2.1.7 Path coefficient analysis

The direct and indirect effects of the component characters on yield were
estimated using path coefficient analysis (Table 12). The characters having high
genotypic correlation with yield viz., number of days to first flowering, number of
primary branches, number of secondary branches, number of fruits per plant,
average fruit length, average fruit width, individual fruit weight, plant height and

incidence of leaf curl disease were selected.

Number of primary branches and incidence of leaf curl disease had negative

direct effect on yield, while the other characters such as number of days to first

70



flowering, number of secondary branches, number of fruits per plant, average fruit
length, average fruit width, individual fruit weight and plant height had positive
direct effect. Direct effect of individual fruit weight (0.5241) and number of fruits

per plant (0.3924) on fruit yield were high and positive.

Number of days to first flowering had low positive direct effect (0.0526) on
yield and it had indirect effect on yield via individual fruit weight which was
positive and high (0.1968). Its genotypic correlation with yield was high and
positive (0.4160).

Number of primary branches had low negative direct effect (-0.0730) on
yield. It had high positive indirect effect on yield via number of fruits per plant
(0.2631) and individual fruit weight (0.2565). It had a high positive genotypic
correlation with yield (0.5864).

The direct effect of number of secondary branches on yield was positive
(0.0707). It had high positive indirect effect on yield via number of fruits per plant
(0.3515) and individual fruit weight (0.2858). It had a high positive genotypic
correlation with yield (0.7183).

Number of fruits per plant showed high positive direct effect on yield
(0.3924). Its indirect effects on yield via other characters were positive except for
number of primary branches. It had a high positive genotypic correlation with yield

(0.8064).

Fruit length had positive direct effect on yield (0.1264). It had high positive
indirect effect on yield via individual fruit weight (0.3766) and it showed high
positive genotypic correlation with yield (0.5733).

Fruit width had positive direct effect on yield (0.0238). Its indirect effects on
yield was positive and high via individual fruit weight (0.4074). It had high positive
genotypic correlation with yield (0.7324).
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Table 12. Path coefficient analysis (direct diagonal / indirect off diagonal)

Number | Number | Number | Number | Average | Average | Individual Incidence Genotypic
. . . ) Plant of leaf :
of days of of of fruits fruit fruit fruit . correlation
Characters . . . height curl
to first primary | secondary per length width weight . co-
: (cm) disease o
flowering | branches | branches plant (cm) (cm) (2) V.I) efficiencies
Number of days o first 0.0526 | -0.0179 | 0.0324 | 0.0677 | 0.0254 | 0.0118 | 0.1968 | 0.0244 | 0.0226 | 0.4160
flowering
Number of primary branches | 0.0129 -0.0730 0.0453 0.2631 0.0178 0.0070 0.2565 0.0360 0.0207 0.5864
Number of secondary 0.0241 | -0.0469 | 0.0707 | 03515 | -0.0185 | 0.0086 | 0.2858 | 0.0218 | 0.0211 | 0.7183
branches
Number of fruits per plant 0.0091 -0.0490 0.0633 0.3924 | 0.0079 | 0.0084 0.3311 0.0256 0.0177 0.8064
Average fruit length (cm) 0.0106 -0.0103 -0.0103 0.0244 0.1264 0.0155 0.3766 0.0287 0.0119 0.5733
Average fruit width (cm) 0.0260 -0.0214 0.0256 0.1383 | 0.0820 | 0.0238 0.4074 0.0322 0.0186 0.7324
Individual fruit weight (g) 0.0197 -0.0357 0.0385 0.2479 0.0908 0.0185 0.5241 0.0359 0.0211 0.9610
Plant height (cm) 0.0275 -0.0563 0.0330 0.2152 0.0776 0.0165 0.4034 0.0467 0.0221 0.7856
Incidence Of(i‘;aé curl disease | 00417 | 00529 | -0.0522 | -0.2425 | -0.0526 | -0.0155 | -0.3879 | -0.0362 | -0.0286 | -0.8042
Residual effect (R ) 0.0237
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The direct effect of individual fruit weight on yield was very high and positive
(0.5241). It had high positive indirect effect on yield via number of fruits per plant
(0.2479). Its genotypic correlation with yield was positive and very high (0.9610).

The direct effect of plant height on fruit yield was positive (0.0467). Its
genotypic correlation with yield was positive and high (0.7856). Its indirect effect

via other characters was low except for number of fruits per plant (0.2152).

The direct effect of incidence of leaf curl disease on yield was negative but
very low (-0.0286) and its genotypic correlation with yield was also negative
(-0.8042). Its indirect effects on yield were negative except for number of primary

branches (0.0529).

The residual effect obtained was 0.0237.
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Plate S. Selected superior bird chilli genotypes

VANDITHADAM-I KAKKAMOOLA-IX

KOTTAKKAL-IV KOZHENCHERI



KUMARAPURAM-II

THAMALLAKKAL KALITTHATU



NARIKKUNI-II



Discussion



5. DISCUSSION

Chilli is an important vegetable or spice crop of India and it is consumed
both in unripe (green) and ripe (red) forms. Bird chilli (Capsicum frutescens L.) is
a stimulating herb renowned for aroma, taste, flavour and pungency which is due
to an alkaloid “capsaicin” present in the pericarp and placenta of fruits. Bird chilli
is Kerala’s “kanthari mulaku” and it possesses many medicinal values. Leaf curl is
considered to be one of the major limiting factors in production of chilli and causes
considerable yield loss up to 50 percentage. Bird chilli has been reported to possess
multiple disease resistance and this property can be utilised to develop leaf curl

disease resistant or tolerant genotypes.

The present investigation was conducted at Department of Plant Breeding
and Genetics, College of Agriculture, Vellayani to identify the genotypes for yield
and resistance to leaf curl in bird chilli (Capsicum frutescens L.) through evaluation
by growing along with susceptible varieties and also to study the genetic
divergence, variability and character association among the genotypes under field

evaluation.

The experimental results are discussed under different headings

5.1 EXPERIMENT I

5.1.1 Evaluation of genotypes for yield and leaf curl resistance

5.1.1.1 Mean performance of accessions

There was remarkable difference among the accessions for number of days
to first flowering with a range of 95.6 to 133.2. The number of primary branches
showed a considerable amount of variation among the genotypes ranging between
5.5 and 15.8 and number of secondary branches also showed a considerable
variation. It ranged between 12.5 and 45.2. Average fruit length and average fruit

width also showed considerable variation among the genotypes. Individual fruit
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weight, fruit yield per plant, number of seeds per fruit and plant height showed an
impressive variation among the genotypes. Such variation for these characters were

in accordance with the earlier reports of Mathew (2006) and Anandhi (2010).

Vulnerability index calculated on the basis of disease scoring showed a range
of 0 to 98.2. Among the seventy eight accessions one accession was found to be
resistant, thirteen accessions were found to be tolerant, nine accessions were found
to be susceptible and fifty five accessions were found to be highly susceptible. The
resistant accession can be utilized to develop resistant variety through crop
improvement programme. These findings were supported by Mathew (2006). There
was a range of difference among the accessions for number of white flies per plant
(0.11 to 2.31), number of thrips per leaf (0.12 to 4.62), number of mites per leaf
(0.93 to 5.88) as reported by Mathew (2006) and Jayaramegouda (2009).

5.1.1.2 Genetic divergence analysis

A clear cut understanding of the extent of variability prevalent for each of
the characters indicates the scope for improving the character studied, through
selection. But in a hybridization programme, where in, selection of diverse parents
to get better heterosis is done, not only the estimates of variability will suffice, but
also the knowledge of genetic diversity among the genotypes is necessary. For
population improvement also, diverse parents which can be selected based on the
genetic diversity among the genotypes are needed. Therefore, in the present study
information on genetic diversity present in the seventy eight genotypes of bird chilli

was analysed.

Seventy eight genotypes were grouped into nine clusters. Out of the nine
clusters, cluster I was the largest one comprising of twenty four genotypes
followed by cluster IV with 13 genotypes, cluster I with 11 genotypes, cluster V
with 9 genotypes, cluster IX with 8 genotypes, cluster VI with 7 genotypes, cluster
VII with 3 genotypes, cluster VIII with 2 genotypes and cluster III with 1 genotype,
indicating high degree of heterogeneity among the genotypes. This was supported
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by Yatung et al. (2014) in a study of genetic diversity in 30 chilli genotypes which
were grouped into 6 clusters. Hasan et al. (2014) also reported that 54 chilli
genotypes studied were fallen into seven clusters. Since there is a high variability
in Capsicum spp, the selection of genotypes for hybridization should be based on

genetic divergence rather than geographical diversity.

Cluster VIII had the maximum cluster means for fruit yield per plant,
followed by number of fruits per plant, plant height, number of days to first
flowering, number of secondary branches, number of primary branches, average
fruit length , average fruit width and individual fruit weight. The genotypes in
cluster V exhibited the lowest number of days to first flowering while those in
cluster VIII exhibited the highest. Similar results were also reported by Thul et al.
(2009), Farhad et al. (2010) and Kumari et al. (2010). The maximum number of
primary branches per plant was observed in cluster VIII and the minimum number
was in cluster VI. The highest number of secondary branches per plant was recorded
for cluster VIII and the lowest for cluster IV. The maximum number of fruit per
plant was recorded in cluster VIII and the minimum was in clusters IV. Fruit length
varied from 7.50 in cluster VIII to 3.00 in cluster III. The maximum fruit width was
observed in cluster VIII and the minimum was in cluster IV. The highest individual
fruit weight was observed for cluster VIII and the lowest was in cluster V. The
maximum fruit yield per plant was reported in cluster VIII while cluster II reported
the minimum. This was supported by the findings of Datta and Jana (2011),
Hasanuzzaman and Golam (2011) and Yatung et al. (2014). The maximum number
of seeds per fruit was shown by cluster I and the minimum by cluster III. Cluster
VIII reported the maximum plant height while cluster VI exhibited the minimum.
The highest and lowest incidence of leaf curl disease was recorded for cluster IV
and VIII respectively. Cluster VII recorded highest number of white flies per plant
while cluster VIII recorded the lowest. Similar results were reported by Senapati et
al. (2003) and Mathew (2006). Cluster VII had highest number of thrips per leaf
while those in cluster VIII exhibited the lowest. The highest number of mites per

leaf was observed for cluster VI and the lowest for cluster VIII. The results
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suggested that selection of genotypes having high values for a particular trait can
be made and used in the hybridization programme for improvement of that

character (Lahbib et al., 2013, Yatung et al., 2014, and Hasan et al., 2014).

Maximum contribution towards genetic divergence was noticed for fruit
yield per plant. These finding were reinforced by earlier reports of Hasanuzzaman

and Golam (2011) and Hasan et al. (2014).

5.2 EXPERIMENT II

5.2.1 Confirmation study

5.2.1.1 Variability

The phenotypic variation present in a population with respect to yield and

morphological characters gives the basic idea of the extent of variability.

In the present investigation, all the 17 characters under study showed a wide
range of variation. This was supported by the findings of Gogi and Goutam (2002),
Rathod et al. (2002), Acharya et al. (2002), Nandadevi and Hosamani (2003a),
Prabhudeva (2003), Sreelathakumary and Rajamony (2003b), Reddy et al. (2006),
Ukkund et al. (2007), Pandit and Adhikary (2014) and Amit et al. (2014).

Incidence of leaf curl disease and fruit yield per plant showed the greatest
range of variation followed by number of fruits per plant, plant height and number
of seeds per fruit (Fig 2). This was in accordance with Munishi and Behara (2000),
Mishra et al. (2001), Khurana et al. (2003), Gupta et al. (2009), Singh and Singh
(2011) and Idowu et al. (2012).

The genotype TS5 (Kumarapuram-I) produced the highest yield per plant
followed by T1 (Vandithadam-I), T 6 (Kumarapuram-II), T7 (Thamallakkal), T3
(Kottakkal-IV), T2 (Kakkamoola-IX) and T10 (Narikkuni-II). T8 (Kalitthatu)
produced the least yield per plant followed by T9 (Chappanangadi-III) and T4
(Kozhencheri).
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5.2.1.2. Coefficient of variation

Genetic improvement through conventional breeding approaches depends
mainly on the availability of diverse germplasm and the amount of genetic
variability present in the population for the desired characters. The genotypic
coefficient of variation measures the range of variability available in the crop and
also enables a breeder to compare the amount of variability present among different
characters. The phenotypic expression of the character is the result of interaction
between genotype and environment. Hence, the total variance should be partitioned
into heritable and non heritable components to assess the true breeding nature of

the particular trait under study.

In the present study there was close association between the estimates of
PCV and GCV. High phenotypic and genotypic coefficients of variation were
observed for incidence of leaf curl disease, fruit yield per plant and number of seeds
per fruit. Similar results of high GCV and PCV values were reported by Manju and
Sreelathakumary (2002), Nandadevi and Hosamani (2003a), Sreelathakumary and
Rajamony (2003b), Mathew (2006), Reddy (2006), Gupta et al. (2009), Sharama et
al. (2010), Anandhi (2010), Ullah et al. (2011) and Krishnamurthy (2013). The
character, number of days to first flowering showed extremely low variance which
is in conformity with the findings of Mathew (2006), Sandeep (2007) and
Krishnamurthy (2013). Moderate phenotypic coefficient of variation was observed
for number of fruits per plant, average fruit width, number of thrips per leaf, plant

height, number of mites per leaf and number of secondary branches.

A major portion of PCV was contributed by GCV for most of the characters
suggesting that the observed variation was mainly due to genetic factors. Genetic
coefficient of variation and phenotypic coefficient of variations were closely in
corresponding with each other for most of the characters. However comparatively
low values of environmental coefficient of variation for all the characters indicated

environment has less influence on these traits.
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5.2.1.3 Heritability and genetic advance

Heritability indicates the relative degree at which a character is transmitted
from parents to off-spring. High heritability values indicate that the characters
under study are less influenced by environment in their expression. The traits
exhibiting high heritability could be improved by adopting simple selection
methods. Further, the information on genetic variation, heritability and genetic

advance helps to predict the genetic gain that could be obtained in later generations.

High heritability (in broad sense) estimate was recorded for all the
characters under study viz., number of seeds per fruit, fruit yield per plant, plant
height, number of fruits per plant, average fruit width, individual fruit weight, fruit
length, number of white flies per plant, number of days to first flowering, number
of thrips per leaf, number of primary branches, number of mites per leaf, number
of secondary branches and incidence of leaf curl disease. Genetic advance as per
cent of mean were high for all the characters except number of days to first

flowering and average fruit length for which it was low and moderate respectively.

Many workers have reported high heritability coupled with high genetic
advance for different characters in chilli. Mathew (2006) reported high heritability
coupled with high genetic advance for all the 14 characters except days to first
flowering, for which the genetic advance was moderate. Reddy (2006) noticed high
heritability coupled with high genetic advance for number of fruits per plant, yield
per plant and secondary branches per plant. Similar results were obtained by
Bharadwaj et al. (2007) for number of fruits per plant, Sood et al. (2007) for
capsaicin content and yield, Sarkar et al. (2009) for fruit weight, Gupta et al. (2009)
for number of fruits per plant, fruit yield per plant, fruit length, fruit weight and
capsaicin content and Sharma et al. (2009) for average fruit weight, fruit yield per
plant, fruit diameter, number of lobes per fruit, number of days to first harvest, leaf

area and ascorbic acid content.
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High heritability along with high genetic advance in chilli was also noticed by
Sharma et al. (2010) for average fruit weight, fruit yield per plant and fruit diameter,
Kumari et al. (2010) for number of fruits plant, fresh fruit yield plant, seed weight,
number of seeds per fruit, Anandhi (2010) for number of days to first flowering,
duration of flowering, number of fruits per plant, green fruit yield per plant, number
of seeds per fruit, duration of crop and vulnerability index, Sood et al. (2011) for
number of fruits per plant and fruit yield per plant, Ullah et al. (2011) for fruit yield
per plant, number of fruits per plant, plant height and days to 50% flowering,
Krishnamurthy et al. (2013) for green fruit yield per plant and red fruit yield per
plant, Amit ef al. (2014) for plant height, number of fruits per plant, number of seeds
per fruit, dry fruit yield and green fruit yield and Pandit and Adhikary (2014) for
days to 50 per cent flowering, number of fruits per plant, number of seeds per plant

and green fruit yield per plant.

Moderate genetic advance was expressed by average fruit length and low
genetic advance was shown by number of days to first flowering in this study. These
results were supported by Pandit and Adhikary (2014), as moderate genetic advance
was observed for days to 50% flowering, placenta length, fruit length, number of
fruits per plant and number of seeds per plant. Krishnamurthy ez al. (2013) reported
that fruit width, 100 seed weight, days to 50 per cent flowering, days to first fruit
maturity, plant height and fruit length had high heritability coupled with low genetic
advance and for number of fruits per plant high heritability was associated with

moderate genetic advance.

In the present study high heritability values obtained for all the traits (Fig 3)
indicated negligible influence of environment. High heritability coupled with high
genetic advance indicates that the traits are controlled by additive gene action which

makes selection very effective (Sharma et al., 2010).
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5.2.1.4 Association of characters

5.2.1.4.1 Correlation coefficient analysis

A thorough understanding of the association of plant characters with yield
and among themselves is essential for a successful crop improvement programme.
It enables the breeders to manipulate the expression of these traits in crop
improvement. The efficiency of selection for yield mainly depends on the direction
and magnitude of association between yield and its components and among
themselves. Estimation of correlations provides information on the nature and
magnitude of the association of different component characters with fruit yield,
which is regarded as a highly complex trait. It also helps us to understand the nature
of inter relationships among the component traits themselves. Ultimately this kind
of analysis helps to design selection strategies to improve fruit yield, which the

breeder is ultimately interested in.

In the present investigation, a number of yield components were studied and
their relationship with yield as well as among themselves was examined using

correlation analysis.

Genotypic correlations in general are high as compared to their phenotypic
correlations indicating strong inherent association between the characters which

might be masked by modifying effects of environment.

High positive correlation was recorded for fruit yield per plant with
individual fruit weight, number of fruits per plant, plant height, number of
secondary branches, average fruit width, number of primary branches, fruit length
and number of days to first flowering while it was significantly negative with

incidence of leaf curl disease and number of mites per leaf.

Fruit yield per plant was negatively correlated with plant height in chilli
(Aliyu et al., 2000). Munshi et al. (2000) reported positive association of yield with
fruit weight and fruit number. Wyrzykowska et al. (2000) found that fruit yield
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depended significantly on mean fruit weight and number of fruits per plant in chilli.
Fresh red chilli yield had significant positive association with number of fruits per
plant, hundred seed weight and harvest index (Rathod et al., 2002). According to
Acharya et al. (2002) total fresh yield per plant had positive effect and significant
correlation with total dry yield per plant. Jose and Khader (2002) reported positive
correlation of yield with fruit weight, number of fruits, primary branches per plant,
secondary branches per plant, plant height, 100 seed weight, fruit length, fruit girth
and crop duration and negative correlation with days to flowering. Sreelathakumary
and Rajamony (2003a) reported that yield per plant showed highly significant
positive correlation with number of fruits per plant, fruit length, fruit girth and fruit
weight. Fruit yield was positively correlated with number of fruits, fruit length, fruit
diameter, plant height, capsaicin content and colouring matter, but negatively

correlated with number of days to flowering (Khurana et al., 2003).

Similar studies were reported by many scientists in chilli, as discussed here.
Mathew (2006) reported that fruit yield per plant was positively correlated with number
of fruit per plant, number of secondary branches, plant spread, 100-seed weight,
number of primary branches, number of seeds per fruit, individual fruit weight, fruit
length, fruit width and plant height and it was negatively correlated with vulnerability
index. Reddy (2006) revealed that fruit yield per plant showed high positive genotypic
correlation with number of fruits per plant, duration, length of fruit bearing period,
plant canopy width and number of secondary branches. Ukkund et al. (2007) reported
that early fruit yield and late fruit yield per plant had highly significant and positive
correlation with total fruit yield. Yield per plant exhibited highly significant correlation
with fruits per plant, branches per plant and height in chilli (Jabeen et al., 2009).
According to Gupta et al. (2009) fruit yield per plant had positive and highly significant
correlation with number of fruits per plant and fruit length. Jogi et al. (2013) revealed
significant and positive phenotypic and genotypic association of fruit yield with all the
characters except days to first flowering and fruit weight. Amit et al. (2014) reported

fruit yield (green and red) per plant was positively and significantly
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correlated with number of fruits per plant and fruit length. All these findings are in

agreement with the present results.

A highly positive significant correlation of days to first flowering suggested
that early flowering genotypes would be an appropriate selection criterion to get

early marketable fruit yield.

Number of days to first flowering showed significant positive correlation
with plant height, fruit width, number of secondary branches, fruit yield per plant,
and individual fruit weight. It had negative correlation with incidence of leaf curl
disease, number of thrips per leaf, number of white flies per plant and number of
mites per leaf. Contrary to this, Sreelathakumary and Rajamony (2003a) reported
that number of days to first flowering was negatively correlated with number of
fruits per plant. Negative association of number of days to first flowering with the
characters studied and positive association with fruit length was reported by

Muthuswamy (2004).

The number of branches showed significant positive correlation with yield
and this can be justified by the fact that more number of branches provided more

number of fruits.

Number of primary branches had negative correction with incidence of leaf
curl disease, number of white flies per plant and number of mites per leaf while it
was positive for rest of the characters. It showed high positive genotypic correlation
with plant height, number of fruits per plant, number of secondary branches, fruit
yield per plant and individual fruit weight. This was supported by the finding of
Ibrahim et al. (2001). Number of secondary branches had the highest positive
correlation with number of fruits per plant, followed by fruit yield per plant, number
of primary branches, individual fruit weight and number of days to first flowering.
The association was negative with incidence of leaf curl disease and number of

mites per leaf. These characters were found to have significant positive correlation

83



with yield and hence selection for these characters would indirectly increase the

yield.

Number of fruits per plant had the highest positive correlation with number
of secondary branches followed by fruit yield per plant, number of primary
branches, individual fruit weight and plant height. It had negative correlation with
number of mites per leaf and incidence of leaf curl disease. This was in accordance
with the findings of Ibrahim ez a/. (2001) in which number of fruits per plant showed
highly significant positive correlation with number of branches and plant height.
Krishnamurthy ef al. (2013) also observed that number of fruits per plant had
positive correlation with green fruit and red fruit yield per plant. Selection on the

basis of these traits may lead to higher yield.

Fruit length had the maximum positive phenotypic correlation with
individual fruit weight, average fruit width, plant height and fruit yield per plant. It
had significant negative correlation with incidence of leaf curl disease. Fruit width
had strong positive correlation with individual fruit weight, fruit yield per plant,
plant height, fruit length and number of days to first flowering. In agreement to this,
Sreelathakumary and Rajamony (2003a) also reported that fruit length and fruit
girth had significant positive correlation with fruit weight. The correlation was

strong and negative with incidence of leaf curl disease and number of mites per leaf.

Individual fruit weight had strong and positive correlation with fruit yield
per plant, fruit width, plant height, fruit length, number of fruits per plant, number
of secondary branches, number of primary branches and number of days to first
flowering. The value was strong and negative with incidence of leaf curl disease
and number of mites per leaf. This was supported by the results of Munshi et al.

(2000) and Chatterjee et al. (2001).

Number of seeds per fruit had no significant values, but positive was
correlated with plant height and fruit length. It was negative with number of

secondary branches and number of fruits per plant. However, according to
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Chatterjee et al. (2001) number of seeds per fruit and 1000 seed weight showed

positively significant association with fruit yield.

Plant height had positive correlation with all the characters except incidence
of leaf curl disease, number of mites per leaf, number of white flies per plant and
number of thrips per leaf. High positive correlation was obtained for fruit yield per
plant, number of primary branches, individual fruit weight, fruit width, fruit length,
number of fruits per plant, number of days to first flowering and number of
secondary branches. Significant association of plant height with yield could be
justified by the fact that there was more number of branches per plant which led to

increased number of fruits.

Number of white flies per plant had negative phenotypic correlation with
most of the characters while it was significantly positive with incidence of leaf curl
disease. Number of thrips per leaf had significant negative correlation with days to
first flowering while it was not significantly positive with other characters. Number
of mites per leaf had negatively significant correlation with fruit yield per plant,
plant height, number of fruits per plant, individual fruit weight, days to first
flowering, number of secondary branches and fruit width. The correlation was
significantly positive with incidence of leaf curl disease. Incidence of leaf curl
disease had negative phenotypic correlation with most of the characters. The
genotypic correlation was significantly positive with number of white flies per plant
and number of mites per leaf. This was in accordance with the results of Mathew
(2006). This clearly indicates that increased incidence of these pests and disease

parameters leads to significant reduction in yield.

5.2.1.5 Path coefficient analysis

The association of different component characters among themselves and
with yield is quite important for making an efficient selection criterion for yield.
The total correlation between yield and its component characters may sometimes

be misleading, as it might be an over-estimate or under-estimate because of its
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association with other characters which are also associated with economic yield.
Hence, indirect selection by correlated response may sometimes not be fruitful.
When many characters are effecting a given character, splitting the total correlation
into direct and indirect effects based on association between the dependent variable
like yield and independent variables like yield components could be beneficial. This
kind of information will help in making the basis of selection more meaningful for

breeding programme.

In the present study, number of primary branches and incidence of leaf curl
disease had negative direct effect on yield, while the other characters viz., number
of days to first flowering, number of secondary branches, number of fruits per plant,
average fruit length, average fruit width, individual fruit weight and plant height
had positive direct effect (Fig 4), emphasizing the importance of these characters in

bird chilli improvement.

Individual fruit weight and number of fruits per plant had high positive
genotypic correlation with yield and it showed high positive direct effect on yield.
Hence direct selection for individual fruit weight and number of fruits per plant
would effectively improve the fruit yield per plant. This was supported by Munshi
et al. (2000), Jose and Khader (2002), Sreelathakumary and Rajamony (2003a),
Mini (2003), Ajith (2004), Mathew (2006), Reddy (2006), Sharma et al. (2010),
Ullah et al. (2011), Chattopadhyay ef al. (2011), Krishnamurthy et al. (2013) and
Pandit and Adhikary (2014).

Number of days to first flowering had a positive direct effect on yield and
its indirect effect on yield via individual fruit weight was positive and high. Its
genotypic correlation with yield was high and positive which was supported by
Ullah et al. (2011). Sreelathakumary and Rajamony (2003a) revealed that number
of days to first flowering had negative direct effect on yield and Ajjapplavara et al.
(2005) reported that number of days to 50 per cent flowering showed a negative
direct effect on yield in chilli.
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Fig. 4. Path diagram showing direct and indirect effects of various characters




Fruit length exhibited positive direct effect on yield and it also had positive
genotypic correlation with yield. This was in accordance with the report of
Sreelathakumary and Rajamony (2003a), Ajjapplavara et al. (2005),
Chattopadhyay et al. (2011), Ullah et al. (2001) and Krishnamurthy et al. (2013) in
chilli.

The direct effect of individual fruit weight on yield was high and positive.
Its genotypic correlation with yield was also high. Its indirect effects on yield via
other characters were positive in chilli. This was supported by the finding of Munshi

et al. (2000), Mini (2003) and Mathew (2006) in chilli.

The direct effect of plant height on fruit yield was positive. Its genotypic
correlation with yield was positive and high. Its indirect effect via other characters
was low and included both positive and negative values. Sreelathakumary and
Rajamony (2003a) also observed positive direct effect on yield; Aliyu ef al. (2000)
reported that plant height had a negative direct contribution to final yield and Mini
(2003) found high negative direct effect on yield in chilli.

Fruit width had positive direct effect on yield and its genotypic correlation
with yield was also positive. This was supported by the findings of Aliyu et al.
(2000), Munshi et al. (2000) and Krishnamurthy et al. (2013) in chilli.

Incidence of leaf curl disease had negative correlation with yield. So

selection should be done against susceptibility of the plant to disease.

Low magnitude of residual effect of genotypic level indicated that traits
included in the present investigation accounted for most of the variation present in
the dependent variable. Jose and Khader (2002) and Chattopadhyay et al. (2011)

also observed low residual value in their studies in chilli.

Based on correlation and path analysis studies, it could be concluded that

selection for high individual fruit weight, number of fruits per plant and high fruit
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length might lead to increase in yield. Similarly, selection for lesser incidence of

leaf curl disease also could be useful in the improvement of Capsicum frutescens.

88



Summary



6. SUMMARY

The present project entitled “Evaluation of genotypes for yield and resistance
to leaf curl in bird chilli (Capsicum frutescens L.)" was conducted in the
Department of Plant Breeding and Genetics, College of Agriculture, Vellayani,
Thiruvananthapuram during 2013-2015 with an objective of to identify high
yielding genotypes of bird chilli resistant to leaf curl. The study was carried out and

data collected from the two field experiments.

In the first experiment, 78 accessions of bird chilli collected from different
parts of Kerala were evaluated in the field for yield and resistance to leaf curl.
Observations were recorded on 17 characters viz., number of days to first
flowering, number of primary branches per plant, number of secondary branches
per plant, number of fruits per plant, average fruit length, average fruit width,
individual fruit weight, fruit yield per plant, number of seeds per fruit, plant height,
leaf pubescence, incidence of leaf curl disease (vulnerability index calculated on
the basis of leaf curl disease scoring), number of white flies per plant, number of

aphids per plant, number of thrips per leaf, number of mites per leaf.

The important findings from the experiment I are summarized below.

The accession 04 (Vandithadam-I ) showed highest mean values with respect
to number of primary branches, number of secondary branches, fruit length, plant
height and lowest number of white flies per plant and categorised as tolerant to leaf
curl. The accession 24 (Kakkamoola-1X) has taken lowest number of days to first
flowering. The number of thrips per leaf and number of mites per leaf had lowest
mean values for accession 28 (Kottakkal-IV) and accession 38 (Palakkad I)
respectively. The accession 50 (Kumarapuram-I) showed highest mean values for
number of fruits per plant, average fruit length, average fruit width and fruit yield
per plant and it had zero vulnerability index i.e. resistance to leaf curl. The accession
43 (Sreekurumbakkavu-1V) and accession 51 (Kanjikuzhi) had highest mean values

for individual fruit weight and accession 55 (Thamallakkal) showed highest mean
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value for number of seeds per fruit.

Genetic divergence analysis was carried out and the 78 accessions were
grouped into nine clusters. Out of the nine clusters, cluster Il was the largest one
comprising of twenty four genotypes. Maximum contribution towards genetic
divergence was noticed for fruit yield per plant. Cluster VIII had the maximum
cluster means for fruit yield per plant, followed by number of fruits per plant, plant
height and number of days to first flowering. Hence genetic divergence existing in
the population helps in the selection of suitable parents for utilization in crop

breeding programme.

In experiment II, leaf curl of 10 bird chilli genotypes (Capsicum frutescens
L.) were ensured artificially by growing susceptible varieties of C. annuum in a

field experiment in Randomised Block Design with three replications.

Significant differences among the genotypes for all the 17 characters studied
indicated high variability among genotypes. Kumarapuram-I was the highest
yielder followed by Vandithadam-I, Kumarapuram-II, Thamallakkal, Kottakkal-IV
and Kakkamoola-IX while the lowest yielder was Kalitthatu.

The genotypic variance values were close to the phenotypic variances for
almost all the characters, suggesting the predominance of genetic component over

environmental effect.

Phenotypic coefficient of variation (PCV) and genotypic coefficient of
variation (GCV) also showed a similar trend. A major portion of PCV was
contributed by GCV for characters. Highest estimate of phenotypic and genotypic
coefficient of variation were recorded for incidence of leaf curl disease and fruit
yield per plant. Except number of days to first flowering and average fruit length

all the other characters studied exhibited moderate to high PCV and GCV.
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High heritability coupled with high genetic advance exhibited for all the traits
except days to first flowering and average fruit length suggested additive gene

action for these traits.

Correlation analysis indicated that most of the character combinations had
higher genotypic correlation coefficient than phenotypic correlation coefficient
while environmental correlation coefficients were the lowest. High positive
correlation was recorded for fruit yield per plant with individual fruit weight,
number of fruits per plant, plant height, number of secondary branches, average
fruit width, number of primary branches, fruit length and number of days to first
flowering while significant negative correlation was observed with incidence of leaf

curl disease and number of mites per leaf.

Path coefficient analysis explained that individual fruit weight and number of
fruits per plant had high positive direct effect on fruit yield per plant while having
low negative direct effects with number of primary branches and incidence of leaf
curl disease. The low residual value (0.0237) indicated that the traits included in the
present investigation accounted for most of the variation present in the dependent
variable. The genotype T5 (Kumarapuram-I) was ranked first with respect to yield

and resistance to leaf curl and this can be developed as a superior bird chilli variety.
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ABSTRACT

The project entitled “Evaluation of genotypes for yield and resistance to leaf
curl in bird chilli (Capsicum frutescens L.)" was under taken with an objective to
identify high yielding genotypes of bird chilli with resistance to leaf curl. The data

for the investigation were collected from two field experiments.

In experiment I, 78 accessions of bird chilli collected from different parts of
Kerala were evaluated in the field for yield and resistance to leaf curl. The accession
A4 (Vandithadam-I ) showed highest mean values with respect to number of
primary branches, number of secondary branches, fruit length, plant height and
lowest number of white flies per plant and categorised as tolerant to leaf curl. The
accession A50 (Kumarapuram-I) showed highest mean values for number of fruits
per plant, average fruit length, average fruit width and fruit yield per plant and it
had zero vulnerability index i.e. resistance to leaf curl. The number of thrips per
leaf and number of mites per leaf were lowest for accessions A28 (Kottakkal-IV)

and A38 (Palakkad-I) respectively.

The genetic divergence among 78 genotypes, in experiment [ was studied and
the genotypes were grouped into nine clusters. Cluster Il accommodated maximum
number of genotypes (24) followed by cluster IV with 13 genotypes, cluster I with
11 genotypes, cluster V with 9 genotypes, cluster IX with 8 genotypes, cluster VI
with 7 genotypes, cluster VII with 3 genotypes, cluster VIII with 2 genotypes and
cluster III with 1 genotype. Cluster VIII and cluster [X were found to be superior
to the other clusters with respect to the desirable characters. It was observed that
there was no close correspondence between geographical distribution and genetic

divergence.

In experiment II, 10 accessions of bird chilli (Capsicum frutescens L.)
selected from experiment I, were studied. These genotypes showed significant
difference for all the biometric characters. They all showed high heritability

coupled with high genetic advance except for number of days to first flowering and



average fruit length for which the genetic advance was low and moderate
respectively. The maximum values for phenotypic coefficient of variation (PCV)
and genotypic coefficient of variation (GCV) were recorded for incidence of leaf
curl disease and fruit yield per plant and the minimum values were for number of

days to first flowering.

High positive correlation was recorded for fruit yield per plant with
individual fruit weight, number of fruits per plant, plant height, number of
secondary branches, average fruit width, number of primary branches, average fruit
length and number of days to first flowering. Path coefficient analysis revealed that
individual fruit weight and number of fruits per plant had high positive direct effect
on fruit yield per plant. Hence, through selection for these characters yield can be
improved. The genotype TS5 (Kumarapuram-I) was ranked first with respect to yield

and resistance to leaf curl and this can be developed as a superior bird chilli variety.





