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CHARACTERIZATION, CHARACTER ASSOCIATION AND 

DIVERSITY ANALYSIS IN CAPSICUM 

ABSTRACT 

An investigation was carried out to study characterization, character association and genetic 
diversity of capsicum at the Sher-e-Bangla Agricultural University, Dhaka, Bangladesh during 
2012-2015. Evaluation and morphological characterization of 24 Capsicum accessions were 
performed using different qualitative and quantitative characters. Wide range of variations 
among the accessions in respect of plant, leaf, flower, fruit and seed characters were observed. 

From the field performance it was evident that, the accessions CA-16, CA-20, CA-18 and CA 
05 were the higher yielder where as the accession CA-19 produced very shy yields. Correlation 
studies between yield and yield components indicated that fruit diameter, fruit length, plant 
height and seeds per fruit were significantly and positively correlated with yield. Genotypie 
correlation coefficient was higher than phenotypic ones in most of the cases, indicating strong 
inherent relation among the characters. From path coefficient analysis, it was observed that 
number of fruits/plant, diameter of fruits and fruit weight were the important components of 
yield of Capsicum. Based on multivariate analysis, 24 capsicum accessions were grouped into 
five clusters. The highest number of accessions (8) was in cluster Ill followed by cluster II (6) 

and the lowest (2) was in cluster IV. Principal component analysis revealed that the first four 

axes were accounted for 79.49% of total variation. Inter-genotypic distance was the highest 
(4.184) between CA-19 and CA-20 and lowest (0.420) was between CA-05 and CA-17. From 

the principal co-ordinate analysis, the highest inter-cluster distance (39.99) was estimated 

between cluster I and cluster IV, and the lowest ( 1 1 .5)  was between cluster II and cluster V. 
The inter-cluster distance was higher than the intra-cluster distance. Accessions CA-16, CA-18, 

CA-20 and CA-05 were selected as promising genotypes. RAPD analysis of 24 Capsicum 

accessions was done to detect genetic diversity at the DNA level. Selected five primers (0PB 
08, OPC-05, OPJ-13 and OPW-08) amplified 29 bands of which 25 were polymorphic. 
Similarity indices ranged from 5 1 .7 1  to 98.18%. Dendrogram based on Nei's (1972) genetic 
distance using UPGMA indicated that, different level of genetic identity and distance was 
present among the studied 24 Capsicum accessions. 
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A>"; General Introduction 

Sweet peppers (Capsicum annuum L.) belongs to the family Solanaceae. Members of the 

Solanaceae family are mostly herbs or semi-herbs while others are climbers. The family 

contains about 90 genera and nearly 3000 species (Vidyarth and Tripatha, 2002; Stenn, 

2000). The genus Capsicum contains about 20 species. Now five domesticated species are 

only recognized: Capsicum annuum, C. frutescens, C. chinense, C. baccatum and C 

pubescens, All cultivated species of Capsicum have 2n =24 chromosomes (Greenleaf, 

1986). The species Capsicum annuum includes eleven groups (Farris, 1988) which can be 

divided into sweet and hot peppers. 

The center of diversity for C. annuum L. is Mexico (IBPGR, 1983) from where it has 

become the most widely dispersed and cultivated Capsicum sp. In the fifteenth century, 

chile (Capsicum annuum var. annuum) was introduced into Europe by Columbus, and 

subsequently it was spread to Asia and Africa (Bosland and Votava, 2000). In Asia it was 

quickly incorporated into native cuisines. The complete acceptance of this new food crop in 

the region gave the erroneous impression to sixteenth century botanists that Capsicum 

originated in Asia (Fuchs, 1542). It is commonly accepted that Asia, southern central 

Europe, Africa, and parts of Latin America are secondary or tertiary centers for C. annuum 

(IBPGR, 1983). 

Sweet pepper is also known as bell pepper or green pepper either green or red may be eaten 

as cooked or raw as well as sliced in salads, It is also used for pickling in brine, baking and 

stuffing. The leaves are also consumed as salads, soups or eaten with rice (Lovelook, 1973). 

It was also discovered to be a good source of medicinal preparation for black vomit, tonic 

for gout and paralysis (Knott and Deanon. 1967). The sweet peppers are relatively non 

pungent with thick flesh and it is the world's second most important vegetables after tomato 

(Anon., 2003). 

As a food, sweet pepper has little energy value. But nutritive value of sweet pepper is high 

as it contains 1.29 mg protein, I H  mg calcium, 870 1.U. vitamin A, 175 mg ascorbic acid, 
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0.06 mg thiamine, 0.03 mg riboflavin and 0.55 mg niacin per 100 g edible fruit (Joshi and 

Singh, 1975). Capsicum contains an alkaloid that is a digestive stimulant used in ointment 

for relief of arthritic and neuropathic pains (Stenn, 2000). Sweet pepper has gained 

popularity probably due to its additional importance as it also contains a large amount of 

phytochemicals that have exceptional antioxidant activity and the production and 

consumption has increased worldwide. These phytochemicals include clorogenic acid, 

zeaxanthin, and coumeric acid. Capsicum are further used as pungent spices for domestic 

culinary purposes and by food manufacturing industries for seasoning of processed foods in 

the preparation of curry powder, hot sauce and in pickling (Tindall, 1986). 

Information about area and production of Capsicum in Bangladesh is not estimated yet, But 

information of Chilli (Capsicum fruescens) is available. About 22,8000 acres land of 

Bangladesh is under chilli cultivation in both Rabi and Kharifseasons and the production is 

about 123,000 M ton (BBS, 2015). During 1998-1999 to 2005-2006, the national average 

yield of sweet pepper was 0.89 ton/ha (BBS, 2007). Sweet pepper is considered a minor 

vegetable crop in Bangladesh, and its production statistics is not yet available. Small scale 

cultivation is found in peri-urban areas primarily for the supply to some city markets in 

Bangladesh (Saha and Hossain, 2001). It is now widely cultivated in America, Europe and 

some countries of the Asia-Pacific. It has great demand in Japan, Thailand, Philippines, 

Taiwan, Egypt and other countries even in Bangladesh. Presently, there is high demand of 

sweet pepper, especially as salad as in the preparation of various first food items. In 

Bangladesh, the demand of sweet pepper is gradually increasing and is grown mainly for 

local consumption. Its production is limited because there is no noticeable research works 

have been conducted on sweet pepper production and handlings. 

Characterization of the collected genotypes and studies on variability pertaining to physio 

morphological, yield and yield attributes are of prime importance for improvement and 

development of any crop (Saha et al., 1992). Further, Pandita et al. (1991) stated that before 

formulating any breeding programme for improvement of any crop, study of variability 

present in the material is essential. 

Yield is a complex character controlled by a large number of related characters and their 

interaction. As yield is dependent on many component characters, the total correlation is 
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insufficient to explain the true association between the characters. Knowledge of 

relationship among yield and yield contributing characters is an effective basis for 

phenotypic selection in plant population (Sharifuzzaman, 1998). The study of correlation 

between different quantitative characters is important to select a better type as opined by 

Dahiya et al, (1991). But sometimes the information on correlation may be misleading and 

under such situation the path coefficient analysis may prove to be more useful. 

The path co-efficient analysis helps to elucidate the intrinsic nature of the observed 

association and imparts degree of confidence in the selection practice adopted for a given 

situation. Path coefficient analysis helps for sorting out the total correlation into direct and 

indirect effects and useful in selecting high yielding genotypes available. 

In Bangladesh there are some introduced genotypes of Capsicum having diverse characters 

in different parts of the country. Those genotypes are available in the market without any 

uniformity and standardization in nomenclature. Genetic diversity has been considered as an 

important factor in any crop improvement program. Genetic diversity can be expressed as 

the extent to which heritable materials differ within a group of plants. The diversity of a 

crop in a plant population is the result of evolution. Alternatively, it is the result of natural 

selection, spontaneous mutation, dispersion and selection by human beings consciously or 

subconsciously. The genetic diversity of plant species is manipulated by plant breeder and 

made suitable for modem agriculture systems. In other words, it is the genetic stock of plant 

breeder. In recent years, scientists have been studying the genetic diversity of different crop 

species for their efficient utilization and conservation. The assessment of genetic diversity 

of plant population in the field may be carried out in different ways such as characterization 

and evaluation of morphological traits or by using DNA markers. Because of variable 

environmental factors in different locations, the field evaluation of morphological 

characteristics alone is not a completely reliable method. 

Molecular markers are important tool for breeding selection, genotype identification and 

studying the organization and evolution of plant genomes. Recently, use of DNA based 

markers is being used increasingly for this purpose. DNA-based markers have replaced 

enzyme markers in germplasm identification and characterization. Because of its plasticity, 

ubiquity and stability, DNA is the ideal molecule for such analysis (Caetano- Anolles et al., 
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1991a). The polymerase chain reaction (PCR) based technique; Randomly Amplified 

polymorphic DNA (RAPD) primarily based on primers of arbitrary sequences has been 

preferred in a variety of applications due to its simplicity (Mullis and Floona, 1987). 

Amplification of DNA using arbitrary I0-base oligonucleotides as primers has been 

described as a way to detect Random Amplified Polymorphic DNAS (RAPDs) (Williams el 

al., 1990). Unlike other polymerase chain reaction (PCR) based techniques, RAPD does not 

require target DNA sequence information for design of amplification primers. This 

technique is cost effective, fast and independent of environmental variations. 

Genetic markers are of great value in crop improvement. Traditionally, markers based on 

morphological characters have been used. Different biochemical and molecular markers 

have been employed for gennplasm characterization because of their added advantage over 

morphological markers. Apart from the techniques of haploid culture and genetic 

engineering, one of the tools which is making it easier to the scientist to select plant traits 

and develop new varieties is the use of molecular markers. Polygenic characters which are 

very difficult to analyze using traditional plant breeding methods can now be easily tagged 

using molecular markers. Molecular markers can be used for (a) characterization of 

germplasm (b) varietal identification and clonal fidelity testing (c) validation of genetic 

relationship and (d) marker-assisted selection (Anand, 1999). 

The use of morphological features has been found to be of immense interest in taxonomy. 

This study assesses the relevance of morphological features of Capsicum to evaluate the 

reliability of these characters in the systematic consideration of the Capsicum annum L. 

studied. The existence of uncharacterized cultivars within agricultural lands may serve as a 

valuable source of economically important genes. These resources could be utilized in 

transferring desirable traits to commercial cultivars. It has been reported that RAPD based 

characterization have shown agreement with morphological trait based characterizations 

(Prince et al., 1995) in Capsicum. Bangladeshi farmers are preserving some cultivars by 

growing them in their gardens. Some exotic collections are also introduced by the scientists. 

Systematic characterization and documentation of these have not been accomplished. 

Therefore, it would be beneficial to know the genetic diversity or this germplasm. In our 

country no systematic research work was done in this aspect. The present study were, 

therefore, undertaken for assessing the extent of genetic diversity and morpho-molecular 
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characterization of Capsicum with a view to finding out variety(s) having higher yield and 

other desirable traits for conservation. 

Objectives: 

i. to evaluate the Capsicum gennplasm; 

• to ex.amine the interrelationships among yield and important characters 

and their paths of contribution; 

iii. to study the genetic diversity of Capsicum following morphological 

characters; 

iv. to select promising genotypes aiming to release as variety; and 

v. to characterize Capsicum using RAPD markers. 
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CHAPTER II 

REVIEW OF LITERATURE 

Capsicum (Capsicum annuum) is an important crop of Bangladesh. It is grown in many 

countries of the world. There is very little published infonnation available on variability and 

genetic diversity of capsicum. However, available literatures on capsicum are presented 

here. 

Taxonomy of capsicum 

Capsicum (chilies and other peppers) belong to family Solanaceae (tribe Solaneae, subtribe 

Capsicinae), which also includes other economically important crops such as tomato, potato 

and tobacco (Dias et al., 20 13). They consist of annual or perennial herbs or shrubs and are 

native to South and Central America and the Galapagos (Walsh and Hoot, 2001). They are 

predominantly diploid (2n=24, infrequently 2n=26), except for a few. The genus Capsicum 

can be grouped into different categories based on the ability of members to successfully 

interbreed. These include Annuum, made up of the species C. anmuum (varieties 

glabriusculum and annuum), C. frutescens, C. chinense, C. chacoense and C 

galapagoensis; the baccatum group which consists of the species C. baccatum (varieties 

baccatum, pendulum and praetermissum) and finally C. tovari, and the pubescens group 

which is also made up of the species C. cardenasii, C. eximium and C. pubescens 

(Pickersgill, I 997). The genus has five major domesticated species of which C. anmuum is 

the most widely cultivated species worldwide (Andrews, 1984). Pepper, though a self 

pollinated crop has been considered as a cross-pollinated crop as a result of its high rate of 

out crossing which ranges from 7 to 90% (Allard, 1960). Natural inter-specific crosses 

among Capsicum species are very high, resulting in intermediary forms which are complex 

to categorize (Allard, 1960). 

Capsicum is a highly heterogeneous plant which exhibits considerable morphological 

variation, especially in fruit shape, colour, and size (Walsh and Hoot, 2001). Pubescence of 

leaves and stems range from glabrous to very pubescent. Pepper produces bisexual flowers 

which are borne at the intersection between the stem and leaves at points where the stem 

splits into a fork. The inflorescences may vary from solitary to seven flowers at one node 

(Berke, 2000). The calyx may range from long, green sepals to truncate sepals to spine-like 
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projections. The pedicel length varies among cultivars, ranging from 3 to 8 cm (Berke, 

2000). In the species C. anmuum the petals are usually white with five to seven individual 

stamens which vary in colour from pale blue to purple anthers. Shaw and Khan (I 928) 

observed greenish-white corolla in C. frutescens and added that corolla colour is one of the 

most consistent features of distinguishing Capsicum species. 

The pistil is made up of an ovary, which contains two to four carpels or locules, and a 

stigma borne at the tip of a slender style (Berke, 2000). The length of the style and relative 

position of the stigma and the anthers vary among genotypes, and it is an important factor 

determining the level of natural cross pollinations of the flowers. The flower colour, shape, 

length and relative positions of the styles also vary with different species and cultivars. The 

fruits are, botanically, classified as berries with different varieties of shapes, colours and 

sizes that vary among cultivars. Seeds are cream coloured, except for C. pubescens which 

has black seeds (Berke, 2000). 

Sweet peppers grow in a wide range of soils, but do well preferably in well-drained, sandy 

loam or loamy soil with a good water- holding capacity and rich in humus. Soils deeper than 

400 mm are needed. Plants can be planted on ridges in shallow soils with a poor drainage 

capacity (Coertze and Kistner, 1994). Their effective depth of root is between 400-700 mm. 

Soils with a p" (HO) range of between 5.5 and 6.8 is preferable for sweet pepper 

production. Sweet pepper is fairly sensitive to soil salinity. Soil with 50 percent or more 

electrical conductivity (EC) of 5 dS/m can reduce sweet pepper yield. Sweet pepper yield 

can also be reduced by certain nematode species which damage pepper roots (Bosland and 

Votava, 1999). 

Air and soil temperature has a great influence on the development and flowering of the 

pepper plant. The time interval between emergence and flowering increases as temperature 

drop. Plants, which grew under low temperature in any particular growth stage, developed 

an equal or greater number of leaves before the first flower than did plants growing under 

high temperature regardless of day length (Rylski, 1972). Capsicum annuum required 20 to 

28 days for first flowering depending on age of seeding (Maurya, 1990). 

Joshi et al. (1987) stated that Capsicum is the most important summer crop of temperate 

regions as it requires temperature ranging 25± 5.7C for its different phases of development 
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and are also grown in tropical and sub-tropical areas during winter months. Ali and Kelly 

(1982) conducted an experiment on sweet pepper genotypes and found that the fruit pericarp 

thickness varied from genotypes to genotypes and also it was affected temperature during 

growing season. 

Variability 

Natarajav et al. (1988) opined in his paper published in South Indian Horticulture is that the 

Evaluation of genotypes under different agro-climatic conditions will be useful to identify 

the best cultivar suited for the particular region". 

Pepper breeding, depending on the objectives, involves selection for traits such as high 

yield, pungency, fruit colour, fruit size and shape as well as disease resistance (Liu et al., 

2009). These traits require simple traditional breeding methods with few cases of 

incompatibility. It involves intra-specific hybridization between different cultivars to 

transfer simple phenotypic characters. However, limited genetic resources for breeding and 

increasing demand for better pepper varieties require new tools for pepper breeding. Wild 

relatives or distantly related species also serve as excellent sources of useful genes. In such 

cases, inter-specific hybridization has to be embarked upon (Hajjar and Hodgkin, 2007). 

Inter-specific hybridization has proven to be a useful tool for the transfer of genes for 

disease and pest resistance (Pickersgill, 1997). 

The first stage of every breeding programme is gennplasm assembling, evaluation and 

selection (Dixon et al., 1992). Gennplasm collection fonns an important pool of genetic 

diversity of agriculturally important crops. The materials may be obtained either from local 

or foreign sources. The main objective of assembling gennplasm is to acquire, preserve and 

make available as much genetic variation within a given gene pool to plant breeders and 

other users (Ramanatha et al., 1998). Broad-based gennplasm resources are necessary for 

sound and successful crop improvement programmes. For effective breeding, the genetic 

diversity of the test materials needs to be maintained in order to minimize the weaknesses 

inherent in growing uniform and closely related cultivars on large scale (Chang, 1991). The 

degree of success in improving any cultivar depends on the amount of diversity expressed 

by both improved and local cultivars as well as their wild relatives and weedy fonns. These 
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resources fonn invaluable sources of parental lines for developing improved cultivars 

(Agueguia, 1995). 

After assembling the germplasm, characterization of the materials was carried out to 

eliminate duplicates as well as closely related individuals to obtain a core collection of 

genetically distinct individuals (Yada et al., 2010). Removal of duplicates from closely 

related genotypes ensures that only genetically distinct genotypes were maintained helping 

to save space and funds in gennplasm conservation and maintenance (Yada et al., 2010). 

Morphological differences between the accessions were catalogued based on IPGRI 

descriptors (IPGRI 1995). 

The use of biochemical characters, such as dry matter, p-carotene, capsaicin, sugar, ash, 

oleoresin and ascorbic acid content, provide useful information for detecting differences 

among pepper genotypes (Ilic et al., 2013). Employing molecular markers allows the 

detection of more expressive genetic differences among closely related genotypes in 

contrast to morphological agronomic descriptors (Rimoldi et al., 2010). 

The objective of gennplasm conservation is the maintenance of high viability among the 

assembled materials for a long time (Chang, 1985). It is also aimed at preserving genetic 

resources for use in cultivar development to boost agricultural productivity and meet the 

needs of the future (AVRDC, 1993). Proper germplasm characterization and conservation 

either through in-situ (conservation in natural habitats) or ex-situ (gene banks and tissue 

culture) is very essential for the continued survival of these useful germplasm (Se-Jong er 

al., 2012). 

Characterization of conserved germplasm helps to identify and detect better genotypes and 

as well remove duplicates in breeding programmes, thereby improving the knowledge about 

these genotypes (Dias et al., 2013). In-depth understanding of the extent and magnitude of 

genetic variation within and between a breeding population is required to develop 

mechanisms for detecting purity and authenticity of parents and hybrids in commercial plant 

breeding programmes (Se-Jong et al., 2012). Information generated from germplasm 

characterization provides data on the potential usefulness of the accessions and the right 

identity during regeneration (Engle, 1994). 
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Efforts in germplasm collection and conservation need to be stepped up especially in 

developing countries because of the danger posed by genetic erosion (Sastrapradja and 

Kartawinata, 1975). Orobiyi et al. (2013) in studying varietal diversity in Benin reported 

that the mean rate of genetic erosion in pepper was 23.53% per community. 

Knowledge of the phenotype given by morphological descriptors is important in giving 

correct species identification (Dias et al., 2013). Morphological markers are readily 

available and very easy to identify and in most cases do not require special skills. They offer 

simple and straight-forward approaches to distinguishing different genotypes even at the 

farm level compared to molecular markers which in most cases require sophisticated 

laboratories. 

It is very essential in bringing to light traits of agronomic importance especially quantitative 

traits for crop improvement (Geleta et al., 2005). Even though morphological 

characterization is important in variety identification, its application is influenced by 

prevailing environmental factors (Gepts, 1993; Geleta et al., 2005) and, as such, make its 

use limited. It also falls short in its ability to detect differences between closely related 

individuals. 

Lack of polymorphism, environmental interference, dependence on the state of crop growth 

and masking of recessive characters, limit the effectiveness of phenotypic characters though 

they can be effective in some cases (Costa et al., 2009). 

Character association and Path analysis 

Thirty genotypes of chilli were evaluated by Yudhvir and Madhu (2008) in a randomized 

block design with three replications during the kharif season of 2005 and 2006 to study the 

extent of association and to understand the direct and indirect effects of component traits on 

yield, at the experimental farm of the Department of Vegetable Science and Floriculture, 

CSK HPKV, Palampur. In general, genotypic correlations were higher than the 

corresponding phenotypic ones for most of the traits indicating the existence of inherent 

association among these traits. Correlations and path analysis studies indicated that average 

fruit weight, number of total and marketable fruits plant' and fruit length contributed 

considerable for the marketable green yield. Among quality traits, ascorbic acid exhibited 

significant and positive association with TSS. 
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Genetic variability, heritability and genetic advance as a per cent of mean for 15 characters 

were assessed by Vijaya et al. (2014b) using 24 chilli genotypes at Post Graduate Centre, 

UHS Campus, GKVK, Bangalore. High degree of variation was observed for all the 

characters considered for the study. The difference between phenotypic and genotypic 

coefficient of variation was found to be narrow for all the characters. Higher phenotypic and 

genotypic coefficient of variation (%) were observed for number of fruits plant,' fruit dry 

weight plant', pericarp weight, capsaicin, capsanthin and oleoresin content in dry fruits. 

High heritability (bs) coupled with high genetic advance as per cent of mean was observed 

for aforesaid characters indicating the importance of these traits in yield and quality 

improvement of chilli. 

Ten genotypes including five lines (Kashi Anmol, Pant c-I, Japani Lingi, Kashi sinduri and 

Pusa Jwala) and five testers (R-Line, VR-339, AKC-89/38, DC-16 and Punjab Lal) of chilli 

were crossed to derive 25 F, hybrids (Alok et al. 2013). The 35 genotypes ( 10 parents and 

25 F, hybrids) were evaluated for yield and quality (capsaicin and oleoresin) traits. Highly 

significant correlation was observed between fruit yield plant' and average fruit weight (g). 

The direct and indirect effect on yield revealed that the maximum direct effect was 

exhibited by average fruit weight followed by number of fruits plant' via yield plant'. 

Masud (1995) reported that an understanding of the nature and magnitude of variability 

among the genetic stocks is of prime importance to the breeders. A good knowledge of 

genetic wealth might also helps in identifying desirable cultivars for commercial cultivation. 

Expression of different plant characters is controlled by genetic and environmental factors. 

It is often difficult to know the proportion of heritable and environmental variation. The 

progress of breeding is conditioned by the magnitude, nature and interaction of genotypic 

and environmental variations in the plant characters. The study of genetic parameters will 

provide valuable information on the mode of inheritance of different characters which 

would be useful in selecting plants with desirable characters to develop new varieties. 

Phenotypic and genotypic correlations between different economic traits in chilli (Capsicum 

annuum L.) were studied by Vijayalakshmi et al. (1988) in eleven varieties. Significant 

positive association between total yield and harvest index indicated the role of plant growth 

and yield. Positive association was observed among number of flowers/plant, percent fruit 
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set and number of fruits with total yield and a similar positive association was established 

between the average fruit weight and harvest index. They finally concluded that the number 

of flower, percent fruit set, number of fruits and average fruit weight might be resorted to 

for genetic upgradation of yield in chillies. 

Saha et al. (1992) wrote in one of their research articles that the knowledge of relationship 

among yield and yield contributing characters is effective basis for phenotypic selection in 

plant populations. They also mentioned that the path co-efficient analysis helps to elucidate 

the intrinsic nature of the observed associations and imparts a degree of confidence in the 

selection practice adopted for a given situation. 

Pandita et al. (1992) studied the genetic variability and heritability in chilli. They found that 

heritability in broad sense was higher for all the characters. Number of fruits per plant and 

yield per plant recorded high degree of heritability coupled with high genetic advance. 

Sing and Sing (1976) observed that the low estimates of heritability may be due to the 

greater role of dominance of non-allelic interactions which may have very low contribution 

towards fixable genetic variance. Panchal et al, (1979) stated that the low heritability may 

largely be due to environment, which could reduce the degree of correspondence between 

phenotypic and breeding values. 

Islam et al. (1991) threw opinion that information on the genetic architecture is essential for 

a particular crop that would help formulating an efficient breeding programme. This is 

important for improving the yield potential via its components (Dixit and Dubey, 1985), 

Chilli is predominantly a self pollinated crop and has a very little built in mechanism for 

self improvement (Thangariy and Muthukrishnan, 1991), Low heritability estimates for pod 

number, length and girth in chilli were reported by Sing and Sing (1970). They also reported 

that low variability, restricted exchange of favorable gene, limited recombination's and 

unreliability in the estimation and identification of genetic parameters are the impediments 

frequently encountered in the improvement of such crops. 

Jayasarkar et al. (1988) published a paper entitled "Heritability and genetic advance in the 

segregating generation of chilli (Capsicum anmuum L). They found that the different crosses 
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showing higher heritability estimates together with higher genetic advance could be 

subjected to selection exploit to the additive effect rapidly, while the improvement will be 

slower in those characters showing lower values of heritability and genetic gain. 

Phenotypic and genotypic correlation's heritability (broad sense) and genetic advance were 

estimated by Bhagyalakshmi et al. (1990) on six parents of 15 F, hybrids of chilli. 

Heritability and genetic advance were high for yield/plant, number of fruits/plant., I 00-dry 

fruit weight and ascorbic acid content in green chilli. In general, genotypic correlations were 

higher than phenotypic correlations for all the characters studied. They also found that the 

association of yield/plant with number of fruits/ plant, number of branches/plant was 

positive and significant, but was negative and significant for days to 50% flowering. So they 

formally suggested that more number of fruit/'plant and early maturity are important traits in 

increasing the yield potential in chilli. 

Dahiya et al, (1991) studied the correlation and path coefficient analysis in 36 genotypes of 

chilli (Capsicum frutescens) to assess the association between pairs of characters and their 

contribution towards yield. All the characters exhibited high correlation values with yield at 

both the levels. Positive correlation of number of fruits per plant with yield was recorded. 

Path analysis suggested that for selecting high yielding chilli genotype, stress should be 

given on number and size of fruit. The study of correlation between different qualitative 

characters is important to select a better plant type. Sometimes, the information on 

correlation may be misleading and under such situations the path co-efficient analysis may 

prove to be more useful. 

Genetic diversity using morphological character 

Five promising sweet pepper entries were trialed at the AVRDC, Taiwan which showed 

significant deference among them in respect of yield and its contributing characters. Mean 

fruit weight varied from 37 to 73g, being the lowest in 'Gypsy' and the highest in 'Blue 

Star' variety. Number of fruits harvested per plant also differed from 7 (Blue Star) to 22 

(Gypsy). Per hectare yield was found from as low as 13 tones in 'Beauty Bell' to as high as 

30 tones in 'Gypsy'. The cultivar 'Gypsy' produced fruits which were yellowish while in 

color with 2-3 locules (Anon, 1987). 
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Rong (1989) studied the performance of five sweet pepper varieties and reported that the 

varieties were harvested 80 days after sowing except for 'Pimiento' which was harvested 95 

days after sowing. 'California Wonder' had the heaviest mean fruit weight of 70 g and the 

thickest fruit wall of 0.54 cm. Zhong Jiao had thicker wall of 0.46 cm than that of other 

entries for 'California Wonder' whose wall thickness was measured 0.54 cm. Zhong Jiao 

had furrow cylindrical fruit, 7.5x5.2 cm in size, weighing 53 g turned red at maturity 

·Yellow Banana Sweet' had smooth blunt conical fruit and 9.11.9 cm in size, 12 g in 

weight and 0. 18 cm in wall thickness. 

Aliyu and Olarewaju (1994) obtained variation in morphological and agronomic characters 

of sweet pepper genotypes. The results indicated that plant height ranged from 30.98 cm to 

47.80 cm for, 'Ex-sabuwa' and 'Caloro' respectively. 'Ex-sabuwa' similarly had the lowest 

number of branches and leaves (8.83 and 43.56) respectively. Whilst 'L 5962-2' and 

'Santafe Grande' recorded the highest number of branches (11.83) and leaves (71.63) 

respectively. Fruit length and diameter ranged from 4 to 9 cm and 2 to 4.5 cm respectively 

for 'Cherry Red' and 'Santafe Grande'. Anaheim 'M' out yielded other cultivars while 

'Pipianto' had the lowest yield of(60.63 g). 

' Sweet pepper cultivar 'Maor' under heigh temperature and radiation conditions in the field 

of Israel produced fruits with mean weight of I 04 g when no shading was provided but the 

weight increased of percent light cut (Rylski and Spigelman, 1986b). The number of fruits 

per plant was 8.I when 5 plants /m' were accommodated. The length and diameter were 

found to be 72.4 cm and 66.4 cm respectively whereas per carp thickness was measured to 

be 41.7 mm. 

Maurer (1983) trialed 18 cultivars of sweet pepper under double poly-tunnel in British 

Columbia. The tunnel was maintained a minimum temperature 15C and maximum 

reaching upto 25"C depending on variable solar radiation. Vegetative growth under tunnel 

cultivation was much greater than in the field. Mean marketable fruit weight ranged from 

132-195 g and length differed from 9.4-11.7 cm while the width was found to vary from as 

low as 7.4 to as high as 9.0 cm. 

Valsikova et al. (1983) did some works on sweet pepper mainly in respect of morphological 

attributes of 28 cultivars. The results showed that plant height ranged from 25-45 cm, 
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irregular branching, four-edged shape of stalk in cross-out, green color of stalk and purple 

color of stalk-knee, egg-shaped leaves with dark green color, size of flowers 15-25 mm in 

white color hanging fruit on the plants, weight of fruits 60-100 g, dark green color of fruits 

in technological and dark red in physiological maturity and sweet taste of fruits without 

hotness. 

Ado et al. ( 1987) conducted an experiment to study the perfonnances of I 8  cultivars of 

pepper (Capsicum anmuum L.) in Nigeria. Significant differences were observed for yield, 

number of fruits, fruit weight, and days to maturity. Variation in heights of plants among 1 8  

cultivars was found from as low as 28-24 cm to as high as 47.78 cm while the number of 

fruits/plant varied from 8 to 63. 

Hegde (1998) reported that the average fruit weight of bell pepper cultivar 'California 

wonder' ranged from 28-31g under different soil moisture regime and 29-34 g at different N 

levels. He also found that the number of fruit produced per plant varied from 5-7 under 

different soil moisture and N levels applied. Yield was also found to differ from as low as 

7.75 to as high as 18.02 due to the difference in use of nitrogenous as well as differences in 

the application of irrigation water. 

Fifteen sweet pepper cultivars were trailed at the Research and Breeding Institutes for 

Vegetable and Special Plants, 947 01 Hurbanovo, Czechoslovakia by Valsikova (1990). 

Average plant height ranged from 32 to 72 cm. Length of fruit varied from 5.6-16.2 cm. 

Some physiological parameters were also recorded. 

Sanchez. et al. (1993) conducted an experiment on sweet pepper as influenced by various 

plants spacing and found that sweet pepper plant produced 6.6 to 12.4 fruits under different 

plant spacing. 

Thong (1989) carried out a study to see the performance of 14 sweet pepper and I9 hot 

pepper varieties during the cool season from November I 988 to February 1989 at 

TOP/AVRDC experimental field, Kamphaeng Saen Nakhon Pathom, Thailand. Potential 

yield of 6 sweet pepper varieties ranged from 7.50 to 13.46t/ha. The potential yield consists 

of average fruit weight, fruit number/plant and plant density. The sweet pepper lines 

'C00891-1' and 'C02419' produced large and heavy fruits weighing 53.6 t0 59.1 g/fruit. 
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However, they had few number of fruit/plant at 4.2-5.2 fruits/plant resulting to low yield 

when compared to that of 'CO 1 1 37' with 9.2 fruits/plant. Days to flowering ranged from 39 

to 58 days. The diameter of all sweet pepper varieties ranged from 39.0-62.5 cm within the 

experimental spacing of75 x 49 cm. 

Forty- eight sweet pepper genotypes were transplanted to the field on 6 June 1988 by the 

scientist of A VRDC. It was observed that flower per plant varied from 16-108 whereas, the 

number of fruit/plant differed from 3 to 39. Percentage of fruit set showed a marked 

variation among the entries (12-86%). Individual fruit weight ranged from 9.7-72.8 g and 

the number of seeds produced per fruit varied from 18-69 only (Anon, 1988). 

Bhatt and Rao (1996) through experimentation tried to find out the variation between the 

determinate and intenninate cultivars of bell pepper grown under natural environmental 

conditions in plastic bag. The study indicated that apart from the variation in morpho 

physiological characteristic, the better partitioning of photoassimilate to fruit attributed 

better yield in the determinate cultivars of bell pepper. 

Olufaloji and Makinde (1994) reported that the four bell pepper varieties under Nigerian 

condition varied remarkably in respect of plant height (cm) at flowering (30.3-37.7), height 

at maturity (36.2-39.0 cm), days to flowering (69-76), days to fruiting (73-84), fruit length 

(2-9 cm), fruit diameter (2-5 cm), average fruit weight (3-15 g), fruit number per plant (20- 

124) and fruit weight per plant (300-360 g). 

Growth and partitioning of dry matter of sweet pepper CV. 'Blue Star' was done at the 

Asian Vegetable Research and Development Centre (Anon., 1989). It was observed that the 

total dry matter production, marketable fruit yield and fruits size was significantly higher in 

the cool season (October planting) than in hot season (June planting). The number of 

flowers and fruits of sweet pepper in both the season were comparable. Yield differences of 

sweet pepper in both the seasons could be attributed to differences in the production and 

translation efficiency of dry matter. The number of fruits varied from 5-10 in hot season and 

8 . 3 - 8. 6  in cool season whereas mean fruit weight differed from 49.4- 57.9 gin  hot season 

and 75.8-84.6 g in cool season. The 'Blue Star' variety of sweet pepper produced 49-68 

flowers per plant (hot season) compared to 47-56 in cool season. Percent fruit set was also 

varied ranging from 36.3-57.4 in hot season to 29.3-34.8 in cool season. Significant 

variation was observed pertaining to the number of seeds produced per fruit, which varied 
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from 52.8-66.6 (hot season), to 279.8-303.2 (cool season). Pronounced yield variation was 

calculated between the two seasons. June planting yielded 5.32-13 t/ha whereas, October 

planting 13.6-28.1 tha. 

Berke (1998) opined that sweet pepper production in the tropics is limited by several biotic 

and abiotic stresses. Addressing these limitations requires a multidisciplinary approach, 

including screening for sources of resistance to such stresses, combining multiple stress 

resistance and high and stable yield into inbred lines, conducting trails in the field must be 

taken into due consideration. With this view in mind, 36 sweet pepper inbred lines were 

grown at the experimental field of the A VRDC. Ten lines were selected from 36 genotypes 

based on that trail. Among the ten lines, per plant yield varied from I 3 I to 250 g. Fruit 

length and width differed from 3.0-11.2 cm and 0.8-4.6 cm, respectively. 

Manchanda and Sing (1987) reported that bell pepper is important vegetable crop grown 

extensively throughout the world. They also added that the pungency in pepper is due to an 

alkaloid known as capsaicin and peppers are characterized as sweet, hot or mild depending 

on capsaicin content. 

The highest fruit yield (13.37 g/ha) was obtained with 250 ppm Ethrel application but at 500 

ppm adversely affected fruit yield and quality (Kabir et al., 1991). Spraying of Ethrel at 400 

ppm on pepper plants increased fruit set (Nagdy et al., I 979). Fortnightly application of 

IBA during flowering increased flowering and fruit set (Walley et al., 1971). Lyngdon and 

Sanyal ( 1992) obtained the highest number of fruit set/plant ( 14.0), number of fruit/plant at 

harvest (8.67), fruit weight (93.17 g) and yield /plant (809.83 g) with the 75 ppm NAA 

treatment. 

Pressman et al. (1998) conducted an experiment on Mazurka cv. of sweet pepper and stated 

that seeds per fruit up to 162 in numbers than three lines pollination were done and 3 I 9 

seeds per fruit under the same pollination pattern. 

An experiment was undertaken at Post Graduate Centre, University of Horticultural Science 

Campus, Gandhi Krishi Vigyana Kendra, Bangalore during rabi season of 20 1 1 - 1 2  to 

evaluate 24 chilli genotypes for different growth and yield parameters. The genotypes 

Chikballapur Local was found by Vijaya et al. (2014a) to have maximum plant height 
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(118.6 cm) and plant spread (0.48 m), while genotype Sankeshwar recorded higher number 

of primary branches plant'(7.47) and maximum fruit length (14.61 cm). Genotypes Byadgi 

Dabbi was observed for maximum fruit diameter (1.60 cm), pericarp weight (0.80 g), stalk 

weight (0.14 g) and number of seeds per fruit (98.42). The higher number of fruits plant' 

(186.30) and dry fruit yield (97.33 g plant') were recorded in the genotype Sankeshwar 

followed by genotype LCA-206. 

Results are presented of a heterosis study conducted in Kanpur, Uttar Pradesh, India, during 

2002-03 with 138 genotypes of chilli (Capsicum annuum). Data were recorded by Singh et 

al. (2004) on 1" flower bud initiation (32.76 t0 75%), 1 anthesis (16.36%-21.50%), plant 

height, days to 50% flowering (-0.10 to 15.22%), days to 50% fruiting, fruit length, fruit 

width (-11 .6% to 19.2%), thousand seed weight (-2.57 to -10.90%), canopy spread (8.36% 

to 18.50%), number of fruit plant', dry fruit yield plant', and dry fruit weight during the 

cropping period. The maximum variability was shown by yield plant', followed by number 

of fruits plant', fruit length, fruit width, plant height, days to 50% flowering and days to 

50% fruiting. On the basis of mean performance and range of varietal mean of yield and 

their components, the genetic materials have enough variability. Thus these materials may 

be utilized in hybridization for the improvement of chilli. 

Genetic variability, heritability and genetic advance as a per cent over mean for thirty two 

characters were assessed by Jogi et al. (2013) of fifty chilli accessions at College of 

Horticulture, Bangalkot (Karnataka) during 2010-11 .  High degree of variation was observed 

for all characters. The difference between phonotypic co-efficient of variation and 

genotypic co-efficient of variation were found to be narrow for most of the traits. The high 

estimates of heritability was found for plant spread (N-S) at 602 days (64.27%) and 120 day 

(65.47%) and (E-W) at 60 days (60.56%), number of fruits plant' at first picking (98.20%), 

early yield (94.67%) stalk length (81.04%) and ten fruit weight (96.44%), chlorophyll-a 

(95.45%), chlorophyll-b (97.52%), total chlorophyll (97.87%) and ascorbic acid (98.30%), 

fresh red chilli yield (95.18%) and dry red chilli yield (93.71%), hundred seed weight 

(70.67%) and number of seeds per fruit (94.67%) had also recorded high heritability. 

Following Tocher's method, the 50 varieties of chilli were grouped into 7 clusters by 

Sundaram et al. (1980). They found no relationship between genetic and geographic 

diversity in chilli. The relative contribution of characters towards total divergence revealed 
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that the number of branches and number of fruits per plant were the chief contributors 

towards genetic divergence. 

Mehra and Peter (1980) grouped 27 chilli genotypes into 9 clusters based on D values. 

They found maximum contribution (88.03%) of fruits per plant towards the diversity. The 

plant height contributed very little (0.28%) towards diversity whereas days to first fruit set, 

days to first fruit harvest, plant height, primary branches per plant, long and medium styled 

flowers (%), short and pseudostyled flowers (%), fresh weight of pods, dry weight of pods, 

seed weight of pods, pedicel to fruit ratio and locules per fruit were either negligible or nil. 

Thirty three genotypes studied were grouped into 1 1  clusters by Varalaxmi and Haribabu 

(1991). Out of IO characters studied, fruits per plant, leaf area index, fruit weight and total 

yield were reported to be the chief contributors towards genetic divergence. They also found 

no firm relationship between genetic divergence and geographical distances. 

Based on D statistic, Shirsat (1994) grouped 75 genotypes of chilli into 28 clusters. 

Maximum diversity was observed as inter cluster distance. Similarly, Warade et al. (1997) 

grouped 60 cultivars of chilli obtained from different ecogeographical regions into 9 

clusters and observed maximum diversity because of maximum cluster distances. The 

clustering pattern also revealed that geographie diversity did not seem to have direct 

association with genetic diversity. A comparison of cluster means for different characters 

indicated considerable differences between clusters for all the characters (Sundaram et al., 

1980; Gill et al., 1982; Shirsat, 1994 and). 

Mubarak (2002) grouped 46 chilli genotypes into 13 clusters which showed inter cluster D 

values ranging between 18.91 and 87.12. Three characters namely seed number per fruit, 

dry fruit yield per plant and number of fruits per plant was the chief contributors towards 

diversity. Maximum diversity revealed by intercluster distance revealed between cluster VI 

and XIII with D value 82.21. 

Prabhudeva (2003) grouped 36 genotypes into I H  clusters with D values ranging between 

34.02 to 102.13. He concluded that genetic diversity was not a index of geographical 

diversity by clustering pattern. In his study, maximum contribution of characters towards 

diversity was fruits per plant, followed by ten fruit weight and plant height. He observed 
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maximum diversity i.e., inter cluster distance between cluster I and 11, suggesting that the 

genotypes belonging to these clusters form ideal pairs for developing hybrids. 

Senapati et al. (2003) grouped 20 diverse chilli genotypes studied for 1 1  characters into 6 

clusters. Cluster I was the largest with 13 genotypes followed by cluster III and IV with 2 

genotypes each. They observed maximum genetic distance between cluster LI and cluster 

VI, suggesting wide diversity between these groups and four characters viz., fresh fruit 

weight, fruit girth, fruit length and fruit number per plant were the chief contributors 

towards genetic divergence. 

The ascorbic acid content was the highest at ripening stage of sweet pepper (Howlader et al 

I 997; Howlader and Hossain, 1997; Jha et al., 2001; Betlach, 1997). Khadi (1983) observed 

high heterosis for vitamin C content and found additive gene effect was more predominant 

than non- additive gene effect. Based on these observations he suggested that simple 

selection procedures could increase the vitamin C content in fruits. 

Fruit yield and quality attributes of 73 genotypes of sweet pepper (Capsicum annuum) were 

compared with the standard variety 'Pusa Jwala' by Rani (1997). They identified some 

entries with significantly higher values for fruit yield and ascorbic acid contents than 'Pusa 

Jwala'. The ascorbic acid content was estimated by Nawalagatti et al. (1999a) and found 

that it was the highest in hybrids H-1 and H-2, followed by the cultivars 'Byadagi 

Sankeshwar' and were the least in the lines ·GPC-80, GPC-69' indicating large genotypic 

variation among the various quality parameters studied. No definite relationship between 

yield and quality parameters was observed. Similarity Rajeshkumar et al. (2001) also 

observed hybrids showing higher levels of ascorbic acid content. The mean performance of 

hybrids was high compared to parental line 'Pusa Jwala'. 

Qualitative component of three local sweet pepper (Capsicum annuum) morphotypes viz. 

long (C-19-D, P-3), medium long and round were (Baromashi) assessed for sugar content at 

various stages of fruit development by Howlader et al. (1997). They opined that fruit size, 

free acid, total sugar and ascorbic acid contents increased with advancing maturity. 

Ninety four paprika accessions were evaluated by Kumari et al. (2014) for seventeen 

different characters for variability, heritability and genetic advance as percent of mean and 

genetic divergence. Higher phenotypic and genotypic coefficient of variation, heritability 
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coupled with high genetic advance was observed for number of fruits plant' including 

fresh fruit yield plant' dry fruit yield plant', 100 seed weight, number of seed per fruit, 

capsanthin, capsaicin, and oleoresin content. This indicates the higher magnitude of 

variability for these traits and consequently more scope for their improvement through 

selection. Plant height, plant spread and fruit diameter exhibited moderate PCV and GCV 

estimates suggesting the possible role of environment in expression of these characters. 

Mahalanobis D' analysis classified the genotypes into 10 clusters indicating considerable 

genetic diversity. Forty crosses are attempted in line x tester design using the diverse 

parents belonging to different groups. Among 14 parents, 7 parents have significant positive 

GCA effect for dry fruit yield plant' with maximum observed in 'LCA-428 (134.49) 

followed by 'LCA-436 ( 1 1 1 . 5 1 )  and 'LCA-432 (53,45). These parents had significant 

positive GCA effect for number of fruits plant', 100 seed weight, number of seeds per fruit, 

capsanthin content, days to 50 per cent flowering, days to maturity, fresh fruit yield plant', 

weight of dry stalk less fruit plant'. The parent 'LCA-422' exhibited the highest negative 

GCA effect for days to 50 per cent flowering, days to maturity and significant GCA effect 

in desired direction for number of seeds per fruit, I 00 seed weight, and capsanthin content. 

'LCC-422' is useful for incorporating earliness, low pungency and high color. 

Fifty three genotypes of Capsicum ammuum L. collected by Datta and Das (2013) from 

different parts of the West Bangal, India were characterized for 23 characters namely, stem 

colour, plant growth habit, branching habit, leaf size, leaf shape, leaf margin, leaf colour, 

leaf pubescence, pigment at node, flower per axil, corolla colour, another colour, calyx 

margin, mature fruit colour at intermediate stage, fruit shape, fruit position, fruit adherence 

to the calyx, fruit shape at pedicel attachment, blossom end fruit shape, ascorbic acid 

content of the fruit, capsaicin, red fruit and colour value of the ripe fruit. These genotypes 

upon cataloguing showed distinct variations with respect to vegetative, inflorescence, fruit 

and quality characters. A wide range of variation was also observed among the genotypes 

for several morphological, fruit and quality characters. Among the different characters, 

white corolla colour showed I 00% frequency and higher frequency was also recorded in 

single flower per axil (86.79%), number pigmentation at node (83.02%) and green fruit 

colour (69.81%) at intennediate stage. Predominance of single descriptor state was found in 

more than 50% genotypes for I5 characters. Based on the D value 53 genotypes were 

grouped into 17 clusters and results indicated that Cluster I and Cluster VII comprised with 
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29 and 9 genotypes respectively. Rest of clusters consisted of one genotype in each case. 

Variability studies revealed that there was a wide range of variability for all the characters 

studied. High heritability along with higher genetic advance (as a %  age of mean) was 

found in capsaicin content in fruit, number of fruits plant', yield plant' and primary 

branches plant'. These characters may be considered as reliable selection indices as they are 

possibly governed by additive gene effect. 

Six Brazilian sweet pepper cultivars were evaluated by Bhandari et al. (2013) at the ripe 

stage. Results showed significant differences among cultivars in all of the investigated 

parameters. The length, wide and weight of individual fruit ranged from 9.3 to 13.4 cm 6.9 

to 8.4 cm and 29.5 to 72.5 g, respectively. The ascorbic acid content ranged from 97 to 66 

mg 100g', the TSS ranged from 5.2 to 6.4% and the moisture content from 73.1% to 

81.7%. 

Genetic diversity using RAPD 

Marker or Genetic marker 

According to Oxford Advanced Learner's Dictionary, marker is a distinctive feature or 

characteristic indicative of a particular quality or condition. Markers are any trait of an 

organism that can be identified with confidence and relative easy way (Bhat et al., 20 I 0). 

Dana et al. (2011) defined genetic marker as a readily recognizable genetic trait, gene, ONA 

segment, or gene product used for identification purposes especially when closely linked to 

a trait or to genetic material that is difficult to identify. Genetic markers can be classified 

into three broad categories i.e. Morphological marker, Biochemical marker and Molecular 

marker or DNA marker. 

Morphological markers 

Morphological markers are specific and distinct morphological traits that arc scored visually 

(Datta et al., 2011 ;  Bhat et al., 2010). These are related to shape, size, colour and surface of 

various plant parts. Such characters are used for the varietal identification. Morphological 

markers differ among species, genus and varieties of plants and animals (Jiang, 2013; 

Bagali et al., 20 I 0). These traits are often susceptible to phcnotypic plasticity; conversely, 
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this allows assessment of diversity in the presence of environmental variation. However, 

morphological markers availability are limited, affected by environment, show low level of 

polymorphism, and many of these markers are not associated with important economic traits 

(e.g. yield and quality) and even have undesirable effects on the development and growth of 

plants (Jiang, 20 13; Bagali et al., 20 I 0). These types of markers are still having advantage 

and they are mandatory for distinguishing the adult plants from their genetic contamination 

in the field, for example, spiny seeds, bristled panicle, and flower/leaf color variant 

(Mondini et al., 2009). 

Biochemical markers 

Second type of genetic marker is called Biochemical markers. Any specific character that 

may be detected by a biochemical test, e. g. the presence or absence of a particular enzyme 

is called Biochemical marker (Oxford Dictionary of Biochemistry and molecular Biology). 

The use of Biochemical markers involves the analysis of seed storage proteins and 

isozymes. Isozymes are alternative forms or structural variants of an enzyme that have 

different molecular weights and electrophoretic mobility but have the same catalytic activity 

or function. Isozymes reflect the products of different alleles rather than different genes 

because the difference in electrophoretic mobility is caused by point mutation as a result of 

amino acid substitution (Xu, 2010). lsozyme markers can be genitica\ly mapped onto 

chromosomes and then used as genetic markers to map other genes. They are also used in 

seed purity test and occasionally in plant breeding (Jiang, 2013). 

Major advantages of Biochemical markers consist in assessing co-dominance, absence of 

epistatic and pleiotrophic effects, ease of use, and low costs (Mondini et al., 2009). But 

there are only a small number of isozymes in most crop species and some of them can be 

identified only with a specific strain. Therefore, the use of enzyme markers is limited (Jiang, 

2013). lsozymes have limitations in protein expression which is affected by changes in 

environment and plant development they also lack specificity and sensitivity to detect some 

genomic changes (Jiang, 2013; Bagali et al., 20 I 0). 

23 



Molecular markers or DNA markers 

The third and most widely used genetic marker type is molecular markers, comprising a 

large variety of DNA. Dana et al. (2011) defined Molecular markers are specific fragments 

of DNA that can be identified within the whole genome. Molecular markers are found at 

specific locations of the genome. 

A molecular marker is a DNA sequence that can be readily detected and whose inheritance 

can easily be monitored. The use of molecular markers is based on naturally occurring DNA 

polymorphism, which fonns the basis for designing strategies to exploit for applied 

purposes (Amin et al., 2010). 

Choudhary et al. (2008) stated that molecular markers are phenotypically neutral and it 

should not be considered as normal genes as they usually do not have any biological effect. 

Instead, they can be thought of as constant landmarks in the genome. 

There are mainly two types of molecular markers i.e. (i) Hybridization based or Non-PCR 

based marker for example Restriction Fragment Length Polymorphism (RFLP) (Botstein et 

al., 1980) and (ii) Polymerase chain reaction (PCR) based markers, e.g. Random Amplified 

Polymorphic DNA (RAPD) (Williams et al., 1990), Sequence characterized amplified 

regions (SCARs) (Michelmore et al., 1991) and Amplified Fragment Length Polymorphism 

(AFLP) (Vos et al., 1995). 

Molecular markers are used for development of saturated genetic maps, DNA 

fingerprinting, phylogenetic and evolutionary studies, heterotic breeding, gene tagging and 

marker assisted selection (MAS). They have proved to be excellent tools for assessment of 

genetic diversity in a wide range of plant species (Madhumati, 2014). 

Molecular markers can be used for molecular characterization and detecting genetic 

variation and relationship of plants. These markers can detect the variation that arises from 

deletion, duplication, inversion, and/or insertion in the chromosomes. Such markers 

themselves do not affect the phenotype of the traits of interest because they are located only 

near or linked to genes controlling the traits (Mondini er al., 2009). 

Amin et al. (2010) reported the use of molecular markers in identification of vegetables 

crop varieties like tomato, potato, onion, garlic and related species and linked to major 

disease resistance in tomato like Meloidogyne incognita and tomato mosaic virus. 
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Conventional breeding is time consuming and depends on environmental conditions. 

Breeding a new variety takes 8 to 12 years. Molecular marker technology offers a 

possibility by adopting a wide range of novel approaches to improve the selection strategies 

in plant breeding (Gosal et al., 2010; Choudhary et al., 2008). 

Concept of RAPD marker 

RAPD (pronounced 'Rapid'), for Random Amplified Polymorphic DNA, is a type of PCR 

reaction but the segments of DNA that are amp lified are random and discovered by 

Williams et al. in 1990. Here no knowledge of the DNA sequence for the targeted gene is 

required (Kumar and Gurusubramanian, 2011). 

Kumar and Gurusubramanian (2011) described the principle of RAPD marker as: a single, 

short oligonucleotide primer, which binds to many different loci, is used to amplify random 

sequences from a complex DNA template. This means that the amplified fragment 

generated by PCR depends on the length and size of both the primer and the target genome. 

The assumption is made that a given DNA sequence (complementary to that of the primer) 

will occur in the genome, on opposite DNA strands, in opposite orientation within a 

distance that is readily amplifiable by PCR. These amplified products (of up to 3.0 kb) arc 

usually separated on agarose gels (1.5-2.0%) and visualized by ethidium bromide staining. 

The use of single decamer oligonucleotide promotes the generation of several discrete DNA 

products and these are considered to originate from different genetic loci. Polymorphisms 

result from mutations or rearrangements either at or between the primer binding sites and 

arc detected as the presence or absence of a particular RAPD band. This means that RAPDs 

are dominant markers and, therefore, cannot be used to identify heterozygotes. The standard 

RAPD utilizes short synthetic oligonucleotides (JO bases long) of random sequences as 

primers to amplify nanogram amounts of total genomic DNA under low annealing 

temperatures by PCR. 

Madhumati (2014) mentioned in a review article that, several factors have been reported to 

influence the reproducibility of RAPD reactions i.e. quality and quantity of template DNA, 

PCR buffer, concentration of magnesium chloride, primer to template ratio, annealing 

temperature, Taq DNA polymerase brand or source, and thermal cycler brand. The concern 
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about reproducibility of RAPD markers, however, could be overcome through choice of an 

appropriate DNA extraction protocol to remove any contaminants. 

Main advantages of the RAPD technology include suitability for work on anonymous 

genomes, involves no blotting or hybridization steps, hence, it is quick, simple and efficient, 

applicability to problems where only limited quantities of DNA are available and Unit costs 

per assay are low compared to other marker technologies (Kumari and Thakur, 2014; 

Madhumati, 2014; Kumar and Gurusubramanian, 201 1) .  

The major drawback of RAPD method is that the profiling is dependent on reaction 

conditions which can vary between laboratories and even a difference of a degree in 

temperature is sufficient to produce different patterns. Additionally, as several discrete loci 

are amplified by each primer, profiles are not able to distinguish heterozygous from 

homozygous individuals (Madhumati, 2014; Bardakci, 2001). 

Bardakci (200 I) reported that, RAPD markers have found a wide range of applications in 

genetic diversity analysis, gene mapping, population genetics, molecular evolutionary 

genetics and plant and animal breeding. RAPD technique can be perfonned in a moderate 

laboratory for most of its applications. Despite the reproducibility problem, the RAPD 

method will probably be important as long as other DNA-based techniques remain 

unavailable in tenns of cost, time and labour. 

Molecular characterization with RAPD 

Germplasm characterization directly links plant genetic resource conservation and 

utilization by describing the genetic diversity of a germplasm collection. Molecular DNA 

techniques allow researchers to identify accessions at the taxonomic level, assess the 

relative diversity within and among species, and locate diverse accessions for breeding 

purposes. 

Molecular characterization which is based on the ability to recognize specific DNA 

sequences in organisms is very important in distinguishing between even closely related 

species with accurate results (Rocha et al., 2010). Kwon et al. (2002) report that molecular 

markers distinguish differences in nucleotide sequences which are independent of growth 
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stage, time, place and agronomic practices. Molecular techniques are useful in identifying 

quantitative trait loci which are of agricultural importance (Rocha et al., 2010). Phenotypic 

markers varying from flower to fruit characters are not many and their effects are usually 

masked by other markers (Geleta et al., 2005; Rodriguez et al., 1999). On the other hand, 

molecular markers are large in number, independent of environmental factors and are the 

best in evaluating genetic variability (Minamiyama er al., 2006; Oyama et al., 2006; Portis 

et al., 2004; Park et al., 2009). 

DNA markers have been used significantly in crop improvement programmes (Legesse et 

al., 2007). Tam et al. (2005) argue that knowledge of genetic variability assessed from 

different DNA marker technologies should offer plant breeders different degrees of 

information to address different needs of crop improvement programmes and gerrnplasm 

resources conservation. These molecular markers include lsozymes, Restriction fragment 

length polymorphism (RFLP) (Kang et al., 2001), Random amplified polymorphic DNA 

(RAPDs) (Baral and Bosland, 2002; da Costa et al., 2006), Amplified fragment length 

polymorphism (AFLP) (Aktas et al., 2009), Simple sequence repeats (SSR) (Se-Jong et al., 

2012) and Single nucleotide polymorphisms (SNPs) (Choi et al., 2007). DNA markers 

based on polymerase chain reaction (PCR) technology are efficient in genetic differentiation 

and varietal authenticity in crop plants and is simple and easy to use (Choi et al,, 2007). 

These molecular markers differ in their purpose, time requirements, ease of application, cost 

and ability to detect variability. 

RFLP markers have been developed and used in studying diversity in pepper but their use 

has been restricted, because it is cumbersome and involves the use of radioactive probes 

(Nahm et al., 1997; Kim er al., 2004). Similarly, RAPD and AFLP markers have been 

found to be dominant in nature (detecting only dominant alleles), show differences in band 

intensity and limited degrees of variability in some domesticated species (Weising et al., 

2005). 

DNA markers, such as isozymes, Restriction Fragment Length Polymorphisms (RFLP), 

Random Amplified Polymorphic DNA (RAPDs), Amplified Fragment Length 

Polymorphisms (AFLP) and Simple Sequence Repeats (SSR), have been used in studying 

genetic diversity in Capsicum species (Tam et al,, 2005). The knowledge of genetic 

variability estimated from isozymes, RAPD, AFLP, RFLP and SSRs markers provide plant 

27 



breeders with different levels of information that would cater for germplasm management 

and crop improvement programmes (Tam et al., 2005). 

DNA makers most commonly used are Restriction Fragment Length polymorphisms 

(RFLP). However, detection of RFLPs by Southern Blot Hybridization is laborious. A 

simple process of polymerase Chain Reaction (PCR), which is based on the amplification of 

random genomic DNA segments with single primers of arbitrary nucleotide sequence, has 

been proposed and named as Random Amplified polymorphic DNA (RAPD). So, RAPD 

makers were used with a view to examine the possible linkage between DNA polymorphism 

in tomato. Results of the study indicated that among four short primers ( 17 base pairs) of 

arbitrary oligonucleotide tested, the annealing and extension of primer API I with tomato 

template DNA failed. However, primer SK17 successfully amplified template DNAs from 

four parents but failed in one. Template DNAs of all the entries was successfully amplified 

with primer KS 17 . One band located between 6-5 kb was in all entries except CL949. The 

other bands > 7 kb were found only in CL1131-38,  CL 1 1 3 1-43  and L123. The number of 

fragments amplified with primer M13  was similar between CL5915-153 and its four 

parents. However, CL59!5-153 showed two extra bands around 7.5 and 3.0 kb, the later 

also presented in small amounts in CL1131-38.  Unique bands presented in DNA 

polymorphism amplified with KS 17 and MI3 primers were thought to be related to heat 

tolerant traits of tomato, such as fruit set, membrane thermo stability and pedicel abscission. 

However results threw a light on the potential of polymerase Chain Reaction with random 

primers to find DNA polymorphisms. 

Capsicum sp. has long been differentiated mainly on floral morphology (Hunziker, I 979). 

However, it is not always possible to discriminate among the different genotypes using only 

these traits and infer the interrelationship among accessions. Further-more, some 

morphological traits are influenced by environment. Recently, use of DNA based markers is 

being used increasingly for this purpose. Restriction fragment length polymorphism 

(Lefebre et al., 1993; Prince et al., 1992, 1995), randomly amplified polymorphic DNA 

(Las Heras et al., 1996; Prince et al., 1995; Rodriguez et al., 1999), and amplified fragment 

length polymorphism (Nam er al., 1997; Paran et al., 1998) are the DNA based techniques 

being used currently to study genetic diversity of Capsicum. 
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Tingey et al. (1992) stated that RAPD technology has quickly gained widespread 

acceptance and application because it has provided a tool for genetic analysis in biological 

systems that have not previously benefited from the use of molecular markers. Because of 

the stochastic nature of DNA amplification with random sequence primers, it is important to 

maintain consistent reaction condition that has been optimized for reproducible DNA 

amplification. Several factors, including template DNA concentration, magnesium 

concentration, primer annealing temperature, primer length, and primer base composition all 

affect the reaction and should be controlled carefully. The use of DNA-based molecular 

markers provides a high throughput method for assessing genetic heterogeneity among 

genotypes (Moreira et al, 2013). 

Thonnann and Osborn (1992) opined that DNA markers are simple to detect because they 

do not require DNA sequence infonnation or synthesis of specific primers. The ease of 

detecting RAPD markers makes them an attractive choice for determining genetic 

relationships. However, they stated that, because the fragments are amplified based on 

homology to a very short, random DNA sequence used to prime the PCR, there is some 

uncertainity about the genetic relationship of fragments from different genotypes and about 

the genome origin of the fragments. Also, because RAPDs behave as dominant genetic 

markers, one does not know the genome location of the amplified fragments unless each 

fragment is mapped by a separate segregation analysis. These characteristics of RAPD 

markers could affect their utility for determining genetic relationships within some groups 

of gennplasm. 

Baral and Bosland (2002) conducted research to document morphological as well as 

molecular characterization of C. annuum var. annuum landraces collected from Nepal. 

Genetic diversity in C. anmuum var. anmuum landraces from Nepal was investigated using 

randomly amplified polymorphic DNA (RAPD) markers and compared with that of C 

annuum var. annuum landraces from the center of diversity, Mexico. RAPD marker based 

cluster analysis of C. annuum var. annuum clearly separated each accession. All accessions 

of C annuum var. annuum from Nepal grouped into a single cluster at a similarity index 

value of 0.80, whereas, accassions from Mexico grouped into eight different clusters at the 

same similarity level indicating greater genetic diversity in Mexican accessions. RAPD 

analysis indicated that the Nepalese chile population went through an additional 

evolutionary bottleneck or founder effect probably due to intercontinental migrations. Some 
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Nepalese accessions had unique RAPD markers suggesting that additional sources of 

genetic variation are available in Nepalese gennplasm. 

Adetula (2006) stated that Pepper (Capsicum sp.) is one of the most popular and widely 

grown vegetables in Nigeria. A total of one hundred and fifty germplasm collections were 

characterised, evaluated and conserved in the National Horticultural Research Institute, 

Ibadan Nigeria. Random Amplified Polymorphic DNA (RAPD) analysis was perfonned on 

selected forty accessions of Capsicum annum and Capsicum fructences to estimate genetic 

diversity and taxonomic relationships. Cluster analysis using UPGMA seperated the 

accessions into four major groups. Based on the morphological and molecular data, 

remarkable difference was exhibited by the Capsicum accessions. 

Welsh and McClelland (1991) developed a new genetic assay. This procedure which is 

called RAPD assay, for Random Amplified Polymorphic DNA (RAPD), detects nucleotide 

sequence Polymorphisms in a DNA amplification-based assay using only a single primer of 

arbitrary nucleotide sequence. In this reaction, a single species of primer binds to the 

genomic ONA at two different sites on opposite strands of the DNA template. If these 

priming sites are within an amplifiable distance of each other, a discrete DNA product is 

produced through thenno cyclic amplification. The presence of each amplification product 

indentifies complete or partial nucleotide sequence homology, between the genomic DNA 

and the oligonucleotide primer, at each end of the amplification product. On an average, 

each primer will direct the amplification of several discrete loci in the genome, making the 

assay an efficient way to screen for nucleotide sequence polymorphism between 

individuals. For example, the frequency of finding RAPD polymorphism has been shown to 

be 0.3 per primer in Arabidopsis thaliana 0.5 per primer in soybean, I per primer in corn, 

and 2.5 primers in N. crassa. The major advantage of this assay is that there is no 

requirement for DNA sequence information. The protocol is also relatively quick and easy 

to perform, and uses fluorescence in lieu of radioactivity (Williams et al., 1990). Because 

the RAPD technique is amplification based assay, only nanogram quantities of DNA are 

required, and automation is feasible. 

Madhumati (2014) investigated the genetic diversity of ten different commercial varieties of 

chilli using random amplified polymorphic DNA (RAPD) analysis. The DNA extracted by 

CTAB method from the leaf sample was amplified by successive PCR cycles. Using 12 
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different primers, the amplified DNA solution was subjected to agarose gel electrophoresis. 

Around 500 different bands were observed under UV light. Seven were polymorphic for a 

specific primer and can be used as differential markers. This effort can serve detennining 

genetic diversity among ten commercial varieties of chilli in India. 

Prince et al. (1992) mentioned in his paper "Molecular mapping in pepper: An update" that 

much classical breeding work has been done to transfer disease resistance and desirable 

horticultural traits in pepper. Many traits especially those conditioned by genes with 

incremental effects, are not amenable to classical breeding approaches. In these a marker 

that is linked and easily selectable could increase the efficiency of gene transfer and 

selection. Morphological genes as tags are often difficult to use, as major genes may control 

a wide range of responses, may affect expression of the gene of interest, and may not be 

dominant and scoarble in all genetic backgrounds. Phenotype-neutral molecular markers 

such as isozymes and Restriction Fragment Length Polymorphism (RFLPs) can be used to 

tag genes and to construct genetic maps of the entire genome. Major genes can be tagged by 

one or more molecular markers for tracking in a breeding program (Tanksley er al., 1989), 

complex genetic traits can be dissected into their component parts (Osborn et al.,1987; 

Nienhuis et al., 1987, and Paterson et al.,1990), introgression of genes can be monitored 

(Young et al., 1988) genetic variation within and between species can be examined (Figdore 

et al.,1988; Wang and Tanksley, 1989 and Miller and Tanksley, 1990), and homologies 

among related genomes can be investigated (Bonierbale et al., 1988). 

Paran et al. (1989) found out the variation in annuum revealed by RAPD and AFLP 

markers. Twenty- one RAPD primers (Operon Technologies, Inc.) that gave robust 

amplification of the pepper genome were selected (C5, C6, CS, C9, C 10, C 1 1 ,  C  12, CI 5, 

C16, C18,C19, C20, EI,  E2, E3, E4, E5, E6, E8, E9, E12), Each DNA was amplified in a 

PT€-100 thermocycler, MJ Research Inc. Amplification products were resolved by 

electrophoresis using 1.5% agarose gels, and photographed after ethidium bromide staining. 

Each of the reactions was carried out twice and only bands that were reproducible, i.e. 

present or absent in both reaction were included in the analysis Genetic relationship were 

examined among thirty-four pepper (anmuum) cultivars of different types. Two types of 

PCR- based marker were used; RAPD and AFLP, and their relative effectiveness were 

compared. A dendrogram based on RAPD marker separated the large fruited sweet cultivars 
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from the small-fruited pungent pepper, and the former group showed less divergence than 

the later. The percentage of polymorphic markers was lower for AFLP than for RAPD 

markers (13 and 22% respectively). However, AFLP primers amplified on an average six 

times more products than RAPD markers. The average number of polymorphic products per 

primer were 1.6 and 6.5 for RAPD and AFLP primers, respectively i.e. AFLP-primers were 

four times more efficient than RAPD primers in their ability to detect polymorphism in 

pepper. While four blocky type cultivars were indistinguishable by RAPD, two AFLP 

primer pairs were sufficient to distinguish the four cultivars from each other. 

Villand et al. (1998) studied the variation among and within Capsicum species as revealed 

by RAPD marker- facilitated analysis. One hundred and ten Random Amplified 

polymorphic DNA (RAPD) markers were used in their study to characterize 134 accessions 

from six Capsicum species. The RAPD-based diversity among and within the 134 

accessions was described using multivariate techniques allowing researchers to focus on 

those accessions with maximum genetic diversity. Diagnostic RAPD markers were 

identifi ed for the Capsicum species studied for taxonomic identification of accessions, since 

many exceptions to morphological-based taxonomic identification exist. Six potentially 

misclassified Capsicum accessions were reassigned species status and three accessions 

never classified were assigned to a species based on the diagnostic RAPD markers. 

Capsicum annuum accessions from the collected germplasm were compared and no 

differences were found for RAPD variation or diversity. 

Caetano-Ano lies el al. (1991b) demonstrated the use of single arbitrary primers to amplify 

DNA. The amplification in similar to the polymerase Chain Reaction (PCR) and generates 

an almost infinite number of polymorphisms useful in cultivar identification (Caetano 

Anolles et al. (1991), in production of genetic markers (Martin et al., 1991), and in the 

study of evolution (Arnold et al., 1991) and population genetics (Chalmers et al.,1992). 

The amplification of DNA fragments using the polymerase chain reaction (PCR) (Saiki et 

al., 1988) found a remarkable number of uses in molecular biology. Certain of these 

amplifications, most particularly the use of short primers of arbitrary sequence to amplify 

unknown, but often highly polymorphic sequences (Welsh and McClelland, 1990; Williams 

et al., 1990), excited considerable interest among plant geneticists. These RAPD fragments 
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show great potential as genetic markers for genome mapping (Williams et al., I 990), gene 

tagging (Martin et al., 1991; Paran et al., 1991), chromosome tagging (Mulcahy et al., 

1992; Quiros et al., 1991), population and phylogenetic studies (Van Heusden and 

Bachmann, 1992) and variety identification (Caetano-Ano lies et al., 1991; Hu and Quiros, 

1991). 

Patterns of genetic diversity have been studied in crop species using a variety of molecular, 

chemical and morphological descriptors. The most commonly used molecular tools for 

measuring genetic relationship have been isozymes, seed proteins and molecular markers. 

Although informative and practical, the use of variable protein and isozyme markers has 

often been limited by their low frequency in many crop species (Goodman and Stuber, 

1980). Molecular markers provide an opportunity to more precisely measure genetic 

relationships compared to morphological and biochemical markers because they: (I) are 

potentially unlimited in number (2) arc not affected by the environment and (3) can be 

organized into linkage maps (Helentjaris et al., 1986). 

Weeden (1992) stated that there are a number of advantages of RAPDs over RFLP, most 

particularly the technical simplicity of the RAPD assay, the lower cost per data unit, and the 

generally higher level of polymorphism resolved. For these reasons, RAPD markers appear 

to be more applicable to plant breeding program than RFLPs. 
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1.2. MATERIALS AND METHODS 

1.2.1. Location of Experiment 

The research work was conducted at the research field of Horticulture Fann, Department of 

Horticulture, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. The experiment 

was carried out during the period from October 2012 to May, 2014. It was located between 

23"74'N latitude and 9035'E longitude (Anon., 1989). The altitude of the location was 8 m 

from the sea level (The Meteorological Department of Bangladesh, Agargaon, Dhaka). 

1.2.2. Climate 

The experimental site was under the subtropical climate, characterized by three distinct 

seasons, winter season from November to February and the pre-monsoon or hot season from 

March to April and the monsoon period from May to October (Edris et al., 1979). Details of 

the meteorological data during the period of the experiment was collected from the 

Bangladesh Meteorological Department, Agargoan, Dhaka and presented in Appendix II & 

II I. 

1.2.3. Soil 

The soil of the experimental area belongs to the Modhupur Tract (UNOP, 1988) under AEZ 

No. 28. The selected plot was medium high land and the soil series was Tejgaon (FAO, 

1988). The characteristics of the soil under the experimental plot were analyzed in the Soil 

Testing Laboratory, SRDI Farmgate, Dhaka and details soil characteristics are presented in 

Appendix I 

1.2.4. Plant materials 

Twenty-four Capsicum genotypes collected from different sources were used for this 

research work (Table 1 . I).  
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Table 1.1. List of genotypes with accession number 

SI. No. Accession No, Collected from Origin 

I. CA-0I Manik seed Co. Thailand 

2 CA-02 Personal contact Thailand 

3. CA-03 BARI mistimorich-I Bangladesh 

4. CA-04 Win all hi-tech seed Co. China 

5. CA-05 Known-you seed Co. Thailand 

6. CA-06 CMO 15 (BARI) AVRDC 

7. CA-07 Pashapashi seeds (California Wonder) Netherland 

8. CA-08 Bakker brothers (California Wonder) China 

9. CA-09 Manik seed Co. India 

10 CA-10 CMO 09 (BARI) AVRDC 

I I. CA-H Bakker brothers (Yolo Wonder) China 

12. CA-12 CMOI I (BARI) AVRDC 

13. CA-13 ABC seeds Denmark 

14. CA-14 Known-you seed Co.( Nang nual T-2008) Thailand 

15. CA-15 CMO 10 (BARI) AVRDC 

16. CA-16 Rajdhani seeds Denmark 

17. CA-17 R.K. seed fanns India 

18. CA-18 Win all hi-tech seed Co. China 

19. CA-19 Thai seed & agriculture Co. Ltd. Thailand 

20. CA-20 Known-you seed Co. Taiwan 

2 1 .  CA-2I California Wonder Taiwan 

22 CA-22 Pepper Marconi yellow Italy 

23 CA-23 Krisibid Nursery USA 

24 CA-24 Personal contact India 

1.2.5. Seedbed preparation 

Seedbed was prepared on October for raising seedlings of capsicum and the size of the 

seedbed was 3 m x I m. For making seedbed, the soil was well ploughed. Weeds, stubbles 

and dead roots were removed from the seedbed. Cow dung was applied to the prepared 

seedbed @ 10 tha. The soil was treated by Sevin 50WP @ 5 kg/ha to protect the young 

plants from the attack of ants and cutworms. 
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1.2.6. Sowing the seeds 

Seeds were sown on October 28, 2012 and next year November 03, 2013 in nursery bed in 

lines spaced at 5 cm distance. Seeds were soaked into water for whole night to facilitate 

germination and treated with Vitavex-200@ 5 g/100 g seed. The seeds were sown at I cm 

depth for easy emergence as suggested by Berke et al. (I 999). Thereafter, the beds were 

covered with polythene to maintain required temperature and moisture. Nursery 

management practices, such as shading, forking, thinning, watering and hardening off, were 

carried out appropriately to ensure that healthy seedlings were produced. 

1.2.7. Seedling emergence 

Seeds were germinated within 5-6 days after sowing. Seedlings were opened to sunlight in 

the morning but at the noon nursery bed were again covered with polythene for preventing 

damage by scorching sunlight. This practice was done for another 5 days. 

1.2.8. Seedling transfer to poly bag 

Eleven days after sowing when the seedlings attained 3 leaves stage, were transferred to the 

poly bag of 12.75 cm 10. 15  cm size. Poly bag was filled with potting mixture comprising 

of soil, cow dung and sand at the ratio of 3 : E : 1 .  The poly bag with seedlings was placed 

under the polyethylene shade to prevent them from excess transpiration as well as 

unexpected storm or heavy rainfall. Watering was done twice daily by fine meshed watering 

cane. After seven days, the seedlings were exposed to the open sunlight for hardening and 

were kept them for seven days. Seedling was free from insect pest and diseases, so, no 

protective measure were taken during hardening of seedlings. 

1.2.9. Design and layout of the experiment 

The experiment was laid out in a Randomized Complete Block Design (RCBD) with three 

replications. Twenty four different sweet pepper genotypes were considered as treatments. 

The treatments were randomly allotted in each block. The plot size was 2 m x I m and 

spacing was 50 cm x 40 cm. Block to block distance and plot to plot distance were 1.0 rn 

and 0.5 m, respectively. 
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1.2.10. Preparation of the main field 

The experimental plot was opened in November with a power tiller and left exposed to the 

sun for a week to kill soil borne pathogens and soil inhabitant insects. After one week the 

land was harrowed, ploughed and cross-ploughed several times followed by laddering. 

Clods were broken and weeds were removed from the field to obtain good tilth. The surface 

of plots was leveled smoothly and corners were shaped. The basal dose of manure and 

fertilizers were added during final land preparation. According to design and layout plots 

were prepared. The whole experimental area was divided into three blocks, representing 

three replications. Each block was divided into twenty four unit plots. Irrigation channels 

were made around the each block. The space kept between the block was I m and between 

two plots was 50 cm. The space between two blocks and two plots were made as drain 

having a depth of about 20 cm for irrigation and rapid drain out of water. As a result the 

plots were raised about I5 cm high from the soil surface. 

1.2.11.  Manure and fertilizers 

Standardization of the manures and fertilizers for sweet pepper has still not been done under 

Bangladesh conditions. Edison (1995) recommended manures and fertilizer doses for sweet 

pepper and till to-day. the Spices Research Centre of Bangladesh Agricultural Research 

Institute (BARI) has been following that in sweet pepper. Based on this, the manures and 

fertilizers and their methods of application for the present experiment were as follows: 

Elemental form Fertilizer form 

Cowdung IO tha 

N-100 kg'ha Urea-217 kg/ha 

P,0,-150 kgha TSP-333 kg/ha 

K,0-120 kg/ha MoP-200 kg/ha 

S-20 kg/ha Gypsum-111 kg/ha 

Zn-4 kg/ha Zn0-5 kg/ha 

Half of the quantity of cowdung was applied during final land preparation. The remaining 

half of cowdung, the entire quantity of TSP, Zn0, Gypsum and one third each of Urea and 
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MoP were applied during pit preparation. The rest of Urea and MoP were applied in two 

equal splits, 25 and 50 days after transplanting of seedling in the main field. 

1.2.12. Transplanting the Seedlings 

Thirty eight days old healthy seedlings were transplanted on 5 December, 2012 and on 1 1  

December, 2013 at spacing of 50 cm x 40 em in the experimental plot. Before planting, 

light sprinkler irrigation was given in the polybags containing the seedlings in order to easy 

removal of the polythene followed by good establishment in the field after transplantation. 

One seedling was planted in each pit. Planting was done in the afternoon. After 

transplanting, the whole experimental plot was semi-flooded by irrigation. Plots with 

transplanted seedlings were regularly observed to find out any damage and dead seedlings 

for its replacement. Gap filling was done as and when required. When the plants were well 

established, the soil around the base of each plant was pulverized. 

1.2.13. Other agronomic practices 

Necessary intercuhural operations were done during the crop period for proper growth and 

development of the plants. All the plots were covered with 60 mesh nylon net for the 

protection of mites and other insects. Top dressing of fertilizers was done 25 and 50 days 

after transplanting and it was followed by irrigation the same day of fertilizer application. 

After each irrigation soil of each plot were pulverized by spade for easy aeration. Weeds 

were manually controlled using hand hoe at three times during crop period for proper 

growth and development. Insecticides were sprayed to control white fly for virus control. 

Admayer@ 1.5 ml/L of water was sprayed for controlling aphids and Vartimac@ 1 . 5  ml/L 

of water was applied at I0 days interval against mites. Bavistine was sprayed at 7 days 

interval for controlling root rot disease. Other cultural operation such as irrigationg the crop 

at different growth stages, weeding and gap filling etc, were done as and when needed. 

1.2.14. Harvesting 

Fruits were harvested at maturity in several installments. Green fruits were harvested when 

they were relatively firm and crispy (Shoemaker and Teskey, 1955). Harvesting was done 

by hands or by using secateurs. 
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1.2.15. Collection of data 

Data were collected from the three randomly selected plants of each plot. 

1.2.15.1. Plant growth habit 

Plant growth habit was observed when 50% of the plants bear ripe fruits. 

I. Prostrate 

2. Intermediate (compact) 

3. Erect 

Y 

,/ 4¥ 
J, 

- 
i. 3 

2 

.. Fig.1.1. Plant growth habit 

1.2.15.2. Leaf shape 

I. Deltoid 

2. Ovate 

3. Lanceolate 
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Fig.1.2. Leaf shape 

1.2.15.3. Leaf colour 

Leaf colour was recorded when in 50% of the plants the first fruit has begun to ripen. 

Average of IO mature leaves (from the main branches of the plant) 

Yellow 

2 Light green 

3 Green 

4 Dark green 

5 Light purple 

6 Purple 

7 Variegated 

1.2.15.4. Flower position 

The position of flowers was recorded at anthesis. 

I .  Pendant 

2. Intermediate 
3. Erect 

Fig.1.3. Flower position 



1.2.15.5. Fruit colour at intermediate stage 

Colours of fruit at intermediate stage were recorded on fruits just before the ripening stage 

I. White 
2. Yell ow 
3. Green 
4. Orange 
5. Purple 
6. Deep purple 

1.2.15.6. Fruit colour at mature stage 

Fruit colour at mature stage were recorded on mature fruits in the first harvest. 

I. White 
2. Lemon-yellow 
3. Pale orange-yellow 
4. Orange-yellow 
5. Pale orange 
6. Orange 
7. Light red 

8. Red 

( 
(f(ma)j; 

r e 

. 

' 

9. Dark red 
10. Purple 
1 1 .  Brown 
12. Black 

The shape of mature fruit was recorded as 

I. Elongate 
2. Almost round 
3. Triangular 
4. Campanulate 
5. Blocky 

1.2.15.7. Fruit shape 

• 
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Fig.1.4. Fruit shape 

1.2.15.8. Fruit shape at pedicel attachment 

Fruit shape was classified into either 

I .  Acute 

2. Obtuse 

3. Truncate 

4. Cordate 

5. Lobate 



1.2.15.9, Fruit shape at blossom end 

Ten randomly selected fruits from the selected plants were taken. 

I. Pointed 

2. Blunt 

3. Sunken 

4. Sunken and pointed 

1 2 3 4 5 

Fig.1.5. Fruit shape at pedicel attachment 
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Fig.1.7. Fruit shape at blossom end 

1.2.15.10. Plant height 

The height of plant was taken in centimeter (cm) from the surface of the soil to the tip of the 

apical meristem of the plant at final harvest. 



1.2.15.11. Number of primary branches per plant 

The number of primary branches arising from the main stem above the ground level at 

harvest was counted. 

1.2.15.12. Number of secondary branches per plant 

Number of secondary branches arising from the primary branches was counted and recorded 

at harvest. 

1.2.15.13. Mature leaf length 

Length of five mature leaves was measured with slide caliper and average was calculated. 

1.2.15.14. Mature leaf width 

Measured on the widest part of the leaf. 

1.2.15.15. Days to 50 percent flowering 

Days to 50% flowering was estimated by counting from the date of seeding to 50 percent of 

the population of each genotype flowered. 

1.2.15.16. Fruit length 

The length of the fruit was measured with a slide calliper from the neck of the fruit to the 

bottom of the same from 5 selected fruits in each plot and their average was taken as the 

length of the fruit. 

1.2.15.17. Fruit diameter 

Diameter of fruits was measured at the middle portion of 5 selected fruits from each plot 

with the slide callipers and their average was taken as the diameter of the fruits. 

1.2.15.18. Stalk length 

Average fruit stalk length of five fruits was recorded from three plants in centimeters. 

1.2.15.19. Fruit weight 

Five fruits, harvested from three selected plants from each plot were used to record the 

individual fruit weight. 
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1.2.15.20. Number of seeds per fruit 

The numbers of seeds from the same five fruits per unit plot were used for counting the 

seeds. The average of the seeds of five fruits was considered as the number of seeds 

produced per fruit in case of each of the plot/replications. 

1.2.15.21. Number of fruits/ plant 

The total number of mature fruits from the selected plants were collected and recorded at 

different dates till the final harvest. The average of the total fruits produced in 3 plants 

represented the number of fruits produced per plant of each plot. 

1.2.15.22. Yield per plant 

Total weight of fruits (kg) harvested at different periods from the selected plants per unit 

plot was recorded. This value was divided by the number of the plants selected and the 

value as such obtained was considered as fruit yield per plant. The weight was taken by 

using a weighing balance. 

1.2.15.23. Yield per plot 

Yield per plot was calculated from yield obtained in each plot and expressed in kilogram. 

1.2.15.24. Yield per hectare 

The weight of fruits per plot was used to compute the weight of fruits per hectare and 

expressed in t h a .  

1.2.15.25. Ascorbic Acid 

Total Ascorbic acid was determined by Oxidation Reduction Titration Method: 

Principle: The method depends on the stoichiometric reduction of the dye, (2-6 

dichlorophenol indophenol) a colour compound, by L-ascorbic acid. The titration is 

conducted in the presence of acetic acid and metaphosphoric acid to inhibit aerobic 

oxidation. 

Reagents: 

l. Dye soluti on: 260 mg of dye (2-6- dichlorophenol indophenol) and 2 10 mg of sodium 

bicarbonate dissolved in 1000 ml of distilled water. 
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2. Metaphosphoric acid solution (3%): 

Thirty gms of metaphosphoric and 80 ml of glacial acetic acid diluted to 1000 ml with 
distilled water (in unavailability of metaphosphoric acid 5% oxalic acid solution may be 
used.) 

3. Standard L-ascorbic acid solution: 

One hundred mg of crystalline L-ascorbic acid dissolved in 1000 ml of metaphosphoric acid 

solution. 

Procedure: 

Five ml of the standard L-ascorbic acid solution was taken in a conical flask and titrate with 

dye. End point is the persistence (for at least 10 seconds) of slight pink color. The same 

operation should be repeated three times. The observations mean give the amount of dye 

required to oxidize 5 ml of L-ascorbic acid solution of known concentration. The same 

procedure with L-ascorbic acid solution of unknown concentration was followed. 

Experimental Data-I 
(For known L-ascorbic acid solution) 

No. of Amount of Burette reading for the Amount of Mean (ml) 
Observation L-Ascorbic amount of dye required dye required 

acid (ml) 
solution(ml) 

I 5 X Xx, X-X X 

2 5 x, X, Xe-X, 

3 5 X, X% X«-X, 

Experimental Data-2 

(For Unknown L-ascorbic acid solution) 
No. of Amount of Burette reading for the Amount of Mean (ml) 

Observation L-Ascorbic amount of dye required dye required 
acid Initial (ml) Final (ml) (ml) 

solution(ml) 

I 5 Y, Y, Y.-Y y 

2 5 Y, y. Ye-Y, 

3 5 , 

• 
Y«-Y, 
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Calculation: 

I) 1000 ml of known L-ascorbic acid solution contain 100 mg L-ascorbic acid 
I " " " " I 00/1000 
5 100x5/ 1000" »  

=0.5 mg L-ascorbic acid 
2) X ml dye required to oxidize 0.5 mg L-ascorbic acid 

I " " " " 0.5/X % 

y 0.5x Y/X " 

3) 5 m l  of L-ascorbic acid solution contains 0.5x Y/X mg L-ascorbic acid 
I " " 0 . 5 x Y / X 5  "» ·» 

5 

1.2.15,26. Total soluble solids 

0.5x Y x IO0/X x 5 mg L-ascorbic acid 

Total soluble solid content was determined by a Refracto-meter. Five mature fruits of each 

unit plot under different treatments were taken randomly. A drop of juice squeezed from the 

sample was placed on the surface of the prism of the refractometer (Model No. ATAGONI 

Brix 0-32) and percent Total Soluble Solid (TSS) was obtained from direct reading and 

means of five fruits were calculated. 

1.2.15.27. Statistical analysis 

The recorded data for different parameters were statistically analyzed with the help of 

MSTAT-C program to find out the variation among the different accessions. The mean 

comparison was done by Duncan's Multiple Range Test (DMRT) at 1% level of 

significance for interpretation of the results. 
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1.3. RESULTS AND DISCUSSION 

The results obtained from the experiment the 'Evaluation of Capsicum germplasm' have 

been presented under following heading and subheading and discussed simultaneously. 

1.3.1 Qualitative parameters 

Qualitative characters like plant growth habit, leaf colour, leaf shape, flower position, fruit 

colour at intermediate stage, fruit colour at mature stage, fruit shape, fruit shape at pedicel 

attachment and fruit shape at blossom end were recorded as per Descriptors for Capsicum 

(IPGRI, 1995). 

1.3.1.1. Plant growth habit 

Plant growth habit of the 24 Capsicum genotypes was studied (Table 1.2). Regarding 

growth habit of plants, the genotypes were categorized into three type's viz., prostrate, 

imtermediate and erect as per Descriptors for Capsicum (PGRI, 1995). A total of 15  

accessions (CA-01, CA-02, CA-03, CA-05, CA-06, CA-07, CA-09, CA-10, CA-13, CA-17, 

CA-18, CA-21, CA-22, CA-23 and CA-24) showed intermediate type of growth habit. Six 

accessions (CA-08, CA-I I, CA-14, CA-16, CA-19 and CA-20) exhibited erect type of 

growth habit and the rest 3 (CA-04, CA-12 and CA-15) were prostrate in nature. 

1.3.1.2. Leaf colour 

Leaf colour of Capsicum accessions categorized light green, green or deep green (Table 

1.2). A total of I 0  accessions (CA-01, CA-02, CA-03, CA-08, CA-09, CA-15, CA-17, CA 

22, CA-23 and CA-24) had green leaves, 9 (CA-04, CA-06, CA-07, CA-10, CA-16, CA-18, 

CA-20 and CA-21) were dark green and the rest 5 (CA-11,  CA-12, CA-13, CA-14 and CA 

19) were light green. Lankesh and Prakash (2008) found that plants of 'Puri red' were light 

green and Byadagidabbi' was dark green in nature. The present observations are similar to 

their findings. 
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Table 1.2. Qualitative growth characters of capsicum accessions 

Accessions Plant growth habit Leaf colour Leaf shape 
CA 0I Intermediate Green Deltoid 
CA 02 Intermediate Green Ovate 

CA 03 Intermediate Green Ovate 

CA 04 Prostrate Dark Green Lanceolate 

CA 05 Intermediate Dark Green Deltoid 

CA 06 Intermediate Dark Green Deltoid 

CA 07 Intermediate Dark Green Deltoid 

CA 08 Erect Green Deltoid 

CA 09 Intermediate Green Ovate 

CA 10 Intermediate Dark Green Ovate 

CA I I  Erect Light Green Ovate 

CA 12 Prostrate Light Green Ovate 

CA 13 Intermediate Light Green Ovate 

CA 14 Erect Light Green Lanceolate 

CA I5 Prostrate Green Lanccolate 

CA 16 Erect Dark Green Deltoid 

CA 17 Intermediate Green Ovate 

CA 18 Intermediate Dark Green Deltoid 

CA 19 Erect Light Green Ovate 

CA 20 Erect Dark Green Ovate 

CA 21 Intermediate Dark Green Deltoid 

CA 22 Intermediate Green Ovate 

CA 23 Intermediate Green Ovate 

CA 24 Intermediate Green Ovate 

1.3.1.3. Leaf shape 

Variation was observed in respect of leaf shape among the accessions (Table 1.2). Most of 

the accessions (CA-02, CA-03, CA-09, CA-10, CA-1 H ,  CA-12, CA-13, CA-17, CA-19, CA 

20, CA-22, CA-23 and CA-24) showed ovate type leaf shape. Leaves of accessions CA-01, 

CA-05, CA-06, CA-07, CA-08, CA-18 and CA-21 were deltoid and the rest CA-04, CA-14 

and CA-15 were lanceolate. Lankesh and Prakash (2008) recorded leaf shape of 'Puri red' 

and 'Byadagidabbi' were lanceolate and ovate respectively. 
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Plate 1.1. Photographs showing diversity of capsicum accessions 
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Plate 1.4. Photographs showing diversity of capsicum accessions 

54 



2 

Table 1.3. Flower position and fruit colour of 24 capsicum accessions 

Accessions Flower position Fruit colour at Fruit colour at 
intermediate stage mature stage 

CA 0I Intermediate Green Red 
CA 02 Intermediate Dark Green Red 
CA 03 Erect Green Dark Red 
CA 04 Pendant Dark Green Dark Red 
CA 05 Erect Dark Green Red 
CA 06 Intermediate Light Green Red 
CA 07 Erect Light Green Red 
CA 08 Erect Dark Green Red 
CA 09 Erect Light Green Light Red 

CA I0 Pendant Dark Green Yellow 

CA I H  Erect Dark Green Dark Red 

CA 12 Pendent Green Light Red 

CA 13 Intermediate Dark Green Dark Red 

CA 14 Intermediate Light yellow Red 
CA I5 Erect Yellowish green Red 
CA 16 Erect Dark Green Red 

CA I7 Intermediate Dark Green Dark Red 
CA 18 Erect Light green Dark Red 
CA 19 lntennediate Yellowish green Red 

CA 20 Pendant Green Red 
CA 2I Pendant Dark Green Red 

CA 22 Intermediate Green Yellow 

CA 23 Intermediate Green Orange-yellow 

CA 24 Intermediate Green Deep Yellow 

1.3.1.4. Flower position 

Position of flower was observed in 24 Capsicum accessions. Accessions CA-0I, CA-02, 

CA-06, CA-13, CA-14, CA-17, CA-19, CA-22, CA-23 and CA-24 had intermediate 

positioned flower. Among 24 accessions, erect positioned flowers were observed in 9 

accessions (CA-03, CA-05, CA-07, CA-08, CA-09, CA- 1 I ,  CA-15, CA-16 and CA-18) 

and pendant in the rest 5 accessions (Table 1.3 & plate 1.9). 
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Plate 1.5. Photographs of diversified fruits of capsicum accessions 
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Plate 1.6. Photographs of diversified fruits of capsicum accessions 
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Plate I. 7. Photographs of diversified fruits of capsicum accessions 
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Plate 1.8. Photographs of diversified fruits of capsicum accessions 
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Erect flower position 

Intermediate flower position 

Pendant flower position 

Plate 1.9. Different flower position of capsicum accessions 
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1.3.1.5. Fruit colour at intermediate stage 

Colour of the fruit at the intermediate stage was recorded which has got a significant 

importance of the breeder for further improvement of the crop. Green fruit colour was 

observed in 7 accessions i.e. CA-0I, CA-03, CA-12, CA-20, CA-22, CA-23 and CA-24. 10 

accessions (CA-02, CA-04, CA-05, CA-08, CA-10, CA-13, CA-16, CA-17 and CA-21) 

were dark green and 4 accessions (CA-06, CA-07, CA-09 and CA-18) were light green. 

While only genotype CA-14 produced light yellow, genotype CA-15 produced lemon 

yellow and the rest genotype CA-19 produced yellowish green coloured fruit at intermediate 

stage (Table 1.3 & plates 1.5 to 1.8). Lankesh and Prakash (2008) found fruits of 'Puri red' 

and 'Byadagidabbi' were deep green and green respectively. 

1.3.1.6. Fruit colour at mature stage 

Capsicum accessions showed differences in respect of fruit colour at mature stage (Table 

1.3 & plates 1.5 to 1.8). The mature fruit colour found red in 12 accessions as CA-01, CA 

02, CA-05, CA-06, CA-07, CA-08, CA-14, CA-15, CA-16, CA-19, CA-20 and CA-21. 

Dark red colour of mature fruit was observed in 6 accessions CA-03, CA-04, CA-1 H ,  CA 

13, CA-17 and CA-18. Accessions CA-09 and CA-12 were light red and accessions CA-10 

and CA-22 were yellow in colour at mature stage. Only one accession CA-23 showed fruit 

colour of orange yellow and one accession (CA-24) had the fruits with deep yellow. 

Lankesh and Prakash (2008) found mature fruit colour in 'puri red' and 'Byadagidabbi' as 

dark red and red respectively. The present observations are similar to their findings. 

1.3.1.7. Fruit shape 

Shape of Capsieum fruit is important not only from the breeding point of view to the 

breeder but also important from the consumer's preference point of view. Distinct variation 

was observed in fruit shape of different accessions (Table 1.4; Fig. 1 .8 and Plate 1 . 14) .  The 

fruits of the accessions CA-01, CA-02, CA-03, CA-05, CA-06, CA-07, CA-08, CA-10, CA 

H, CA-13, CA-16, CA-17, CA-18, CA-21, CA-22, CA-23 and CA-24 were found blocky. 3 

accessions CA-09, CA-12 & CA-15 were elongate; 2 accessions CA-14 & CA-20 were 

triangular; accession CA-04 was campanulate and only one CA-19 was almost round. 
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Table 1.4. Fruit shape of 24 capsicum accessions 

Accessions Fruit shape Fruit shape at pedieel attachment Fruit shape at blossom end 

CA 0I Blocky Cordate Sunken 

CA 02 Blocky Cordate Sunken 

CA 03 Blocky Cordatc Sunken 

CA04 Campanulatc Cordate Pointed 

CA 05 Blocky Lobate Sunken 

CA 06 Blocky Cordate Sunken 

CA 07 Blocky Cordate Sunken 

CA 08 Blocky Cordate Sunken 

CA09 Elongate Cordate Pointed 

CA 10 Blocky Lobate Sunken & pointed 

CA II Blocky Cordate Sunken 

CA 12 Elongate Obtuse Pointed 

CA 13 Blocky Cordate Sunken & pointed 

CA 14 Triangular Truncate Pointed 

CA I5 Elongate Cordate Pointed 

CA 16 Blocky Cordate Sunken 

CA 17 Blocky Lobate Sunken 

CA 18 Blocky Lobate Sunken 

CA 19 Almost round Lobate Blunt 

CA 20 Triangular Lobate Sunken 

CA 2I Blocky Lobate Sunken 

CA 22 Blocky Truncate Sunken & pointed 

CA 23 Blocky Cordate Sunken & pointed 

CA 24 Blocky Cordate Sunken 

1.3,1.8. Fruit shape at pedicel attachment 

Four kinds of fruit shape at peduncle attachment i.e. obtuse, truncate, lobate and cordate 

were found (Table 1.4). Seven accessions (CA-05, CA-10, CA-17, CA-18, CA-19, CA-20 

and CA-21) had the lobate fruit shape at peduncle attachment. Accessions CA-14 and CA- 

22 had truncate, CA-12 posses obtuse and the remaining 14 had cordate shaped fruit. 
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Fig.1.8. No. of capsicum accessions of different fruit shape 

1.3.1.9. Fruit shape at blossom end 

In respect of fruit shape at blossom end, wide variation was observed among the 

accessions. Fruit shape at blossom end was categorized into 4 groups such as pointed. 

blunt, sunken and sunken & pointed. Most of the accessions showed sunken type {Table 

1.4). The accessions CA-01, CA-02, CA-03, CA-05, CA-06, CA-07, CA-08, CA-11, 

CA-16, CA-17, CA-18, CA-20, CA-21 and CA-24 had sunken type. Pointed fruit shapes 

at blossom end were observed in 5 accessions (CA-04, CA-09, CA-12, CA-14 and CA 

15). 4 accessions (CA-10, CA-13, CA-22 and CA-23) were sunken and pointed and only 

one accession CA-I9 was blunt shaped. Lankesh and Prakash (2008) recorded pointed in 

'Puri red' and sunken fruit shape at blossom end in 'Byadagidabbi'. 

1.3.2. Quantitative parameters 

Results of quantitative characters. i.e. plant height, no. of primary branches, no. of 

secondary branches, days to 50% flowering. fruit length, fruit diameter, stalk length, no. 

of fruits/plant, fruit weight, no. of seeds/fruit, yield/plant, yield/plot, yield (tha), TSS, 

ascorbic acid (mg/100g). mature leaflength and mature leaf width are presented here. 
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1.3.2.1. Plant height 

Plant height was recorded at final harvest. Significant variation was reflected among the 

accessions in case of plant height (Appendix IV & V). Plant height ranged from 48.67 to 

127.30 cm in first year and 53.67 to 130.3 cm in second year (Table 1.5). The tallest plant 

was observed in accession CA-19, and it differed from other 23 accessions while the 

shortest plant was recorded in CA-17. The second highest height was recorded in CA-14. 

The accessions CA-20 (83.33 cm), CA-21 (79.67 cm) and CA-03 (79.67 cm) exhibited the 

medium height, which was statistically identical in first year. In second year, medium height 

accessions were CA-20 (89.67 cm), CA-07 (82.33 cm), CA-06 (80.00 cm), CA-03 (81.67 

cm) and CA-21 (81.67 cm) which was statistically different. The plant height reported in the 

present investigation was similar with findings of Ado et. al. (1987), Valsikova (1990). 

Olufolaji and Makinde (2004) obtained significant variation in plant height of bell pepper 

plants trialed in Nigeria, which varied from 36.80 t0 90.20 cm. Ry/ski and Spigelman 

(1986) obtained plant height of sweet pepper lower in the field condition (66.2 cm) and 

higher in the screen house where temperature was higher than open field (95.1 cm). 

1.3.2.2. Number of primary branches/plant 

The maximum number of primary branches per plant was observed in the accession CA-I9 

(5.00) and the minimum in CA-11 (2.33) and CA-16 (2.33) in first year. CA-07 and CA-15 

had the equal number of branches (3.33). Eighteen accessions bearing the branches ranged 

from 2.66 to 3.00 and they are statistically similar. In second year, the accession CA-I9 also 

exhibited the highest (5.33) no. of primary branches followed by CA-14 (4.67) which was 

statistically similar, while the lowest no. of primary branches was observed in CA-10 (Table 

1.5). Rong (1989) obtained the number of primary branches/plant varying from 1.89 to 3.52 

plant in different accessions which was more or less similar to the findings of the present 

study. Srilakshmi (2006) found the maximum number of 3.72 and a minimum number of 

2.00 primary branches. 
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CA- 10 

CA- 12 

CA- 15 

Plate 1 .10.  Different fruit shape at pedicel attachment of capsicum 

accessions 
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CA- 24 

Plate 1 . 1 1 .  Different fruit shape at pedicel attachment of capsicum 

accessions 
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CA- 02 
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CA- 05 

CA- 10 

CA- 12 

CA- 15 

Plate 1.12. Different fruit shape at blossom end of capsicum accessions 
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CA- 16 
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CA- 20 

CA- 17 

CA-19 

CA- 21 

CA- 24 

Plate 1.13. Different fruit shape at blossom end of capsicum accessions 
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Table 1.5. Plant height, number of primary branches/plant and number of secondary 

branches/plant of cap sicum 

Accessions Plant Plant Number of Number of Number of Number of 
height height primary primary secondary secondary 
(cm) (cm) branches/ branches/ branches/ branches/ 

plant plant Plant plant 
" year 2"ear 1year 2" year I"year 2" ear 

CA-0I 72.674.f 80.67 de 2.66 be 3.33b-d 5.33 £h 7.96 d-f 

CA-02 63.67 g-i 63.00 ij 2.66 be 3.00 de 5.00 gh 7.23 d-i 

CA-03 79.67 cd 81.67 de 2.66 be 2.90d-f 6.66 c-f 8.16d-f 

CA-04 57.33 i 69.33 gh 2.66 bc 3.90 b 6.66 c-f 8.33 de 

CA-05 60.67 hi 70.33 gh 2.66 be 2.90 d-f 6.66 c-f 7.33 d-h 

CA-06 75.00 de 81.00 de 2.66 be 3.10c-e 7.66 b¢ 8.76 cd 

CA-07 70.67e-g 82.33d 3.33 b 2.66 ef 7.00c-e 6.66 f-i 

CA-08 63.67 g-i 70.67 gh 2.67 be 3.00 de 5.66 e-h 6.33 g-i 

CA-09 65.67 gh 72.00 f-h 2.67 b¢ 2.66ef 5.33 £h 5.66 ij 

CA-10 73.00 d-f 74.00 g 3.00 be 2.33f 6.33c-g 5.00j 

CA-II 59.33 hi 55.331 2.33¢ 2.67 cf 4.33 h 6.00 h-j 

CA-12 69.00 e-g 74.00 fg 3.00 b¢ 3.67 b¢ 6.66c-f 8.33 de 

CA-13 58.67 hi 58.00j-1 2.66 be 3.00 de 6.00 d-g 7.33 d-h 

CA-14 102.00 b I 12.30 b 3.00 b¢ 5.67 a 8.66 b 12.00b 

CA-15 61.00 hi 66.67 hi 3.33b 3.33b-d 7.00c-e 7.00 e-i 

CA-16 60.67 hi 66.67 hi 2.33¢ 2.66 ef 5.00 gh 7.66 d-g 

CA-17 48.67 j 53.67 3.00 be 2.66 ef 6.33¢-g 5.66 ij 

CA-18 72.00 d-f 77.00 d-f 3.00 bc 3.00 de 7.33 cd 10.00 c 

CA-19 127.30 a 130.30 a 5.00 a 5.33 a 12.60a 14.30 a 

CA-20 83.33 C 89.67¢ 3.00 b¢ 2.67 cf 6.66 c-f 6.66 f-i 

CA-2I 79.67 cd 81.67 de 2.67 b¢ 2.66 ef 5.66 e-h 6.66 f-i 

CA-22 61.00 hi 62.00 i-k 2.67 b¢ 3.00 de 6.00 d-g 6.00 h-j 

CA-23 56.00i 57.33 k 3.00 be 2.66 ef 7.66 be 8.66 cd 

CA-24 65.67 gh 76.33 ef 2.66 be 2.66 ef 6.33c-g 5.66 ij 

LSD%%s 6.810 5.090 0.583 0.542 I.I 70 1.340 

CV(%) 5.90 4.12 12.30 10.49 10.80 10.73 
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1.3.2.3. Number of secondary branches/plant 

Among the accessions, maximum number of secondary branches per plant was observed in 

the accession CA-19 (12.60) followed by CA-14 and the minimum no. of secondary 

branches per plant was observed in CA-11 (4.33) followed by CA-02 and CA-16 (5.00) in 

first year. In second year, the maximum secondary branches was also observed in CA-19 

(14.30) followed by CA-14 (12.00) and CA-18 (10.00). The lowest no. of secondary 

branches was found in CA-10 (5.00) followed by CA-09 and CA-17 (5.66). Srilakshmi 

(2006) recorded no. of secondary branches with a range of 4.45 t0 10.23. 

1.3.2.4. Mature leaf length 

Significant variation of leaf length was found among the capsicum accessions. The highest 

leaf length was observed in accession CA-18 followed by CA-20, which was statistically 

different and the lowest leaf length was found in CA-04, CA-13 and in CA-23 which was 

statistically similar. The moderate length of leaf was found in accessions CA-06, CA-10, 

CA-14 and CA-21 in first year and in CA-10 and CA-21 in second year. 

1.3.2.5. Mature leaf width 

There was significant variation in leaf width of capsicum accessions (Appendix VIII & IX). 

The plants of accession CA-06 showed maximum leaf width followed by CA-18 and CA 

20. The plants of CA-04 had the lowest leaf width followed by CA-22 and CA-23 (Table 

1.6). 

1.3.2.6. Days to 50% flowering 

The accessions differed statistically from each other as to the requirement of days to 50% 

flowering (Table 1.6). The minimum days were required by CA-07 (64.67) while, CA-1 H  

took the maximum (88.33) days to 50% flowering followed by CA-24, CA-19, CA-13, CA 

I0 and CA-06 in first year. About 33% of the accessions (CA-01, CA-15, CA-16, CA-17, 

CA-18, CA-21, CA-22 and CA-23) required 76-80 days to 50% flowering. 
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Table 1.6. Mature leaf length, width and days to 50% flowering of capsicum 

Accessions Mature Mature Mature Mature Days to Days to 

leaf length leaf length leaf width leaf width 50% 50% 

(cm) (cm) (cm) (cm) flowering flowering 

1"year 2" year 1"year 2" ear 1"year 2"ear 

CA-0I 9.33 kl 9.50 h 4.67h-j 4.36 k 79.67 b-e 80.33 c-e 

CA-02 10.17i-4 10.83 g 5.36 fg 5.63 e-h 69.00 h-j 72.00 hi 

CA-03 13.20 de 1 1 .27g 5.86 de 6.03c-e 68.33 ij 72.67 g-i 

CA-04 6.500 m 7.00 i 3.26 m 3.43 1 65.33 j 69.33 ij 

CA-05 12.40e-g 12.47ef 5.16 fg 5.20 ij 71.33 £-j 76.33 d-h 

CA-06 15.00 c 14.33 d 7.50 a 7.43 a 80.33 b-e 82.33 bc¢ 

CA-07 1 1 .80 gh 10.83 g 5.93 de 5.80d-g 64.67 j 68.33 ij 

CA-08 10.37 i-k 12 . 17f  5.53 cf 5.93c-f 73.33 e-i 75.67e-h 

CA-09 12.90 d-f 13 . 10e 6.00 de 6.00c-f 70.33 g-i 71.67 hi 

CA-10 15.73 C 15.50e 6.33b-d 6.30 C 81.00b-d 80.33 ¢-e 

CA-IH 10.07j-1 9.57 h 4.93 g-j 5.03 j 88.33 a 85.67 ab 

CA-12 9.83j-l 9.77 h 4.56 jk 4.50 k 71.00 f-j 71.67 hi 

CA-13 7.00 m 7.63 i 4.63 ij 4.50 k 81.67a-d 82.33 b¢ 

CA-14 15.63 ¢ 16.07 be 6.03 d 6. I0cd 70.33 g-j 77.33 ¢-g 

CA-15 12.77 d-g 1 1 .43 g 5.96 de 5.76 d-g 76.67 d-g 77.33¢-g 

CA-16 1 1. 1 7  hi 1 1 .27g 5.20 fg 5.40g-j 76.00 d.-h 73.33 g-i 

CA-17 9.100 I 9.300 h 5.13f-h 5.26 h-j 78.00 c-f 79.67c-f 

CA-18 18.87 a 19.00 a 6.60 be 6.83 b 77.33¢-g 74.67 £.h 

CA-19 12. 13  £-h 12.20 f 5.10 f.j 5.13 j 84.33 a-c 88.33 a 

CA-20 17.53 b 16.60 b 6.73b 6.70 % 67.33 ij 64.67j 

CA-2I 15.10 c 15.43 C 6.26 b-d 5.96c-f 76.00 d-h 76.00 d-h 

CA-22 10.70 ij 10.87g 4.16 kl 4.10 k 80.33 b-e 80.00 c-e 

CA-23 6.80 m 7 . 1 3 i  4.00 I 4.26 k 79.67be 81.00 b-d 

CA-24 13.67 d 13.07e 6.13 cd 5.56 f-i 86.00 ab 85.67 ab 

LSD%%s 0.956 0.720 0.441 0.381 6.450 4.450 

CV(%) 4.85 3.67 4.92 4.26 5.19 3.52 
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Table 1.7. Fruit length, fruit diameter and stalk length of capsicum 

Accessions Fruit Fruit Fruit Fruit Stalk Stalk 

length length diameter diameter length length 

(cm) (cm) (cm) (cm) (cm) (cm) 

1"year 2" year 1year 2" year 1"year 2"ear 

CA-0I 7.33 gh 7.83e-g 5.96 de 6.17 fg 3.03 b-d 3.33 de 

CA-02 10.97 d ] 1.47 C 5.93 de 6.00 fg 3.06 b-d 3.73 be 

CA-03 8.40 ef 8.70 4-f 6.33 cd 6.93 cd 2.46 e 2.53j 

CA-04 12 . 13¢ 1 1 . 47¢  4.73 gh 4.63 k 3.00 cd 2.93g-i 

CA-05 8.77e 9.00d 7.33 a 7.63 a 2.90d 3.16 e-h 

CA-06 8.93e 9.10d 6.46 cd 7.07 bc 3.26 a-c 4.03 ab 

CA-07 6.83 h 6.77 gh 5.10 f-h 5.43 hi 2.76 d 2.93 f-i 

CA-08 7.90 fg 7.67 fg 6.26 cd 6.47 d-f 2.80 d 3 . 13  e-h 

CA-09 10.73 d 12.07¢ 5.16 fg 5.17ij 2.40e 3.40c-e 

CA-10 7.871g 8.37d-f 5.43 ef 5.90 gh 2.96d 3.43c-e 

CA-1H 7.00h 8.33d-f 6.06d 6.90c-e 2.23 ef 2.63 ij 

CA-12 8.0e-g 9.00d 3.60 i 3.271 2.43e 2.86 hi 

CA-13 10.80d 11.27 C 6.00d 6.23 fg 3.03b-d 3.30ef 

CA-14 8.20 cf 8.500 d-f 3.46 i 3.331 3.36 a 3.73a-c 

CA-15 12.87 b 14.00b 4.56 h 4.60 k 2.93 d 3.26e-g 

CA-16 8.63 cf 8.93 de 7.16 ab 7.17a-c 2.86d 3.10e-h 

CA-17 8.83 e 9.33 d 7.33 a 7.47 ab 3.26 a-c 3.70 bc 

CA-18 8.47ef 8.83 de 6.73 be 7.03 be 3.30 ab 4.06 a 

CA-19 2.33j 2.30i 3.36 i 3.471 3.36 a 3.66 cd 

CA-20 15.47 a 15.93 a 6.33 cd 6.43 ef 3.00 cd 3.73a-c 

CA-2I 8.80e 8.97 de 7.33 a 7.60a 2.90d 3.10e-h 

CA-22 6.10 i 6.13 h 5.13 fg 5.43 hi 2.10 f 2.33jk 

CA-23 5.93i 5.97 h 4.96 f-h 4.90 jk 2.10f 2.13 k 

CA-24 7.07 h 6.80 gh 5.96 de 5.87 gh 2.86d 3.16 e-h 

LSD%%s 0.722 0.990 0.501 0.444 0.254 0.316 

CV(%) 5.06 6.68 5.36 4.60 5.41 5.98 
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1.3.2.7. Fruit length 

Significant variation in fruit length was observed among the accessions of capsicum. The 

longest fruits was produced by accession CA-20 followed by CA-15 and the fruits of CA-19 

were the shortest in both the years. In first year, the medium fruit holder accessions were 

CA-04 ( 12 . 13  cm), CA-02 (10.97 cm) and CA-13 (10.80 em) which are statistically 

different. In second year, the medium fruit holder accessions were CA-02 ( 1 1 .47 cm), CA- 

04 (11 .47 cm), CA-09 (12.07 cm) and CA-13 ( 1 1 .27 cm) which were statistically identical. 

The fruits of CA-07, CA-22, CA-23 and CA-24 were the shorter compared to other 

accessions. 

Fruit length of bell pepper varied from 21 to 90 nun as reported by Olufolaj i and Makinde 

(1994). Fruit length of 8 sweet pepper genotypes recorded in Thailand ranging from 56 mm 

to 91 mm (Anon, 1989). Srilakshmi (2006) observed a wide range of fruit length; the 

general mean was 8.25 em with the lowest fruit length 1.20 cm and highest 1 1 . 50  cm. 

1.3.2.8. Fruit diameter 

Diameter of fruits differed significantly among capsicum accessions under study. In the first 

year, the fruits of accessions CA-05, CA-17 and CA-21 had the highest diameter of fruit. 

The lowest was found in accession CA-19 (3.36 cm) followed by CA-14 (3.46 cm) and CA 

12(3.60 cm), which were statistically identical (Table 1.7). In second year, the widest fruits 

were found in CA-05 (7.63 cm) followed by CA-21 (7.60 cm). The second highest diameter 

was recorded in CA-17 (7.47 cm) followed by CA-16 (7.17 cm), CA-06 (7.07 cm) and CA 

18(7.03 cm). The accession CA-12 showed the lowest (3.26 cm) fruit diameter which was 

statistically similar with CA-14 (3.33) and CA-19 (3.47 cm). Only in accession CA-19, the 

diameter of fruit exceeds the length of the fruit. Olufolaji and Makinde (1994) found fruit 

diameter of bell pepper ranging from 20 to 40 mm. 

1.3.2.9. Stalk length 

Accessions of sweet pepper under investigation had displayed significant variability as 

regards to the stalk length. In first year, the longest stalk (3.36 cm) was measured in CA-14 

and CA-19 and longer stalk was observed in CA-06, CA-17 and CA-18. But in case of 

second year, the longest was found in CA-18 followed by CA-06. Nearly seventy percent of 

the accessions had the stalk length higher than 3.00 em and the lowest length was found in 
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the accessions of CA-23 and CA-22. Srilakshmi (2006) observed stalk length varied 

between 1.25 cm to 3.45 cm among I 02 gennplasm entries of capsicum in Devihosur. 

Table 1.8. Individual fruit weight, number of seeds/fruit and yield/plant of capsicum 

Accessions Individual Individual Number of Number of Yield/ Yield/ 
fruit fruit seeds/fruit seeds/fruit Plant (kg) Plant (kg) 

weight (g) weight (g) 
1"year 2"ear 1"year 2" year 1"year 2" year 

CA-0 95.00 g 93.00j 94.00 f-h 102.00 gh 1.12 hi 1.07 j 

CA-02 109.70 e 121.70 fg 95.67 e-h 119.00 e-g 1 .3le-g 1.40 fg 

CA-03 96.00 fg 101.00 i  106.00 e 146.30 b-d 1.24 £-h 1.30 gh 

CA-04 56.33j 56.00 n 58.33 j 61.00 jk 1.42 e 1.39 fg 

CA-05 152.00b 171.00 ab 88.33 h 99.00 g-i 1.81 c 1.88 be 

CA-06 124.30 d 134.70 e 132.00 cd 147.00 b-d l.40ef 1.41 fg 

CA-07 67.67 i 76.331 77.33i 85.67 h-j 0.83 k-m 0.86 kl 

CA-08 95.67 fg 108.00 h 146.30 b 164.30 ab 0.90kl 0.89 kl 

CA-09 69.67i 66.00 m 73.33 i 65.67 jk 1.20 g-i 1.12 ij 

CA-10 68.00 i 75.331 90.00 h 106.00 gh 0.76 Im 0.79 kl 

CA-1 137.70 C 125.70f 92.00 gh 114.00 e-g 1.22 g-i 1.23 hi 

CA-12 31.67 I 31.83 p 42.00 k 59.33 k 0.93 jk 0.91 k 

CA-13 101.70 f 118.30g 140.00 be 154.00 b-d 1.65 d l.72de 

CA-14 24.33 m 25.670 67.67 i 75.33 i-k 0.84 k-m 0.92 k 

CA-15 65.67i 71.671 102.00e-g 121.00 e-g 1.43 e 1 .45f 

CA-16 166.00 a 168.30 b 96.33 e-h 116.00e-g 2.25 a 2.37 a 

CA-17 158.00 b 157.70 c 96.00 e-h 82.33 h-k 1.88c 1.80 cd 

CA-18 135.30 ¢ 142.00 d 170.30 a 184.00 a L.84 c 1.88 be 

CA-19 14.33 n 15.67 r 99.33 e-h 113.30 fg 0.28 n 0.28 m 

CA-20 171.30 a 175.70 a 148.70 b 159.70 be 2.07% 2.01b 

CA-2I 136.00 C 141.70 d 128.70 d 132.70 d-f 1.62 d l.66e 

CA-22 58.33j 55.33 n 105.30 ef 119.70 e-g 0.78 k-m 0.87 kl 

CA-23 45.67 k 42.67 o 102.30e-g 74.33 jk 0.71 m 0.751 

CA-24 86.33 h 87.67k 126.00 d 139.00 c-e 1.07 ij 1.24 hi 

LSD,%s 6.030 5.120 9.790 21.930 0.147 0.127 

CV(%) 3.88 3.16 5.77 11.68 6.82 6.13 
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1.3.2.10. Individual fruit weight 

Analysis of variance table reflects the variability of the accessions with respect to fruit 

weight (Appendix VI & VII). In first year, the fruits of CA-20 were the heaviest (171.30 g) 

of all the accessions which were statistically similar to the accession CA-16 (166.00 g) 

While the accession CA-I9 produced fruits with minimum weight (14.33 g). The second 

highest fruit weight was obtained from CA-17 (158.00 g) followed by CA-05 (152.00 g), 

CA-I I (137.70 g) and CA-18 (135.30 g). 

In second year. the highest fruit weight (175.70 g) was obtained from accession CA-20 

followed by CA-05 ( 17 1 .00 g). The second highest fruit weight was observed in CA-16 

(168.30 g) which was statistically different from other accessions, whereas CA-I9 also 

produced fruits of the lowest weight (15.67 g) (Table 1.8). During off season in Cuba when 

the average temperature was 28"C, some sweet pepper genotypes produced fruit in the field 

where the mean individual fruit weight ranged from 24.78 g to 136.12 g (Depestre and 

Gomez, 2005). The low fruit weight of bell pepper under different moisture regmes season 

the average fruit weight varied from 27.9 10 90.5 g (Anand and Deshpande, 1986). On the 

other hand, Ry/ski and Spigelaman (1986) observed mean weight higher than 100 g under 

different shading situation. Further, Bakker (1989) recorded mean fruit weight of sweet 

pepper ranging from 119.70 to 1 3 1 .  70 g under different humidity treatments. 

1.3.2.11. Number of seeds per fruit 

Wide significant variation was observed among 24 accessions of capsicum in respect of 

number of seeds per fruit (Table 1.8). The total number of seeds produced per fruit when 

grown in season I was found to vary from as high as 170.30 in CA-18 to as low as 42 in 

CA-12. Two accessions produced seeds per fruit lower than 70 and they are CA-04 and CA 

14 (67.67). On the other hand ten accessions produced seeds higher than 100. 

When those accessions were grown in second year, the fruits of the accession CA-18 which 

also ranked first in first year produced the highest number of seeds (Table 1.8). It indicated 

that the germplasm CA-18 is a good seed producer likewi se, CA-12 (59.33) was also found 

to perform poorly in respect of seed production. Other lower seed producing accessions 

were CA-04 (61.00) and CA-09 (65.67). On the contrary, sixteen accessions produced seeds 
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higher than 100. Srilakshmi (2006) reported that seed number varied from 42 per fruit in 

DCA 105.00 to 124.50 seeds per fruit in genotype DCA 2. Rylski and Spigelaman (1986) 

observed the number of seeds fruit' to be 149 in open field conditions using the variety 

'Maor' pressman et al, (1998) found up to 162 seeds fruit' in the variety Mazurka' of 

sweet pepper when three lines pollination were done and 3 19  seeds fruit'under the same 

pollination pattern. Ry/ski and Spigelaman (1986) found 244 to 304 seeds fruit' under 

different shading percentage. On the country, Bakker (1989) the number of seeds fruit' 

varied from 79.20 t0 119.20 at different day/night temperature conditions. 

1.3.2.12. Number of fruits/plant 

The number of fruits per plant differed significantly among the 24 accessions under study 

and ranged from 9.33 t0 37.67 in first year and 8.33 to 36.67 in second year. In both the 

year, the plants of CA-14 produced the highest number of fruits, which was statistically 

different with rest of the accessions. The second highest number of fruits was produced by 

the accession CA-12 followed by CA-04. In first year, eight accessions produced fruits 

which ranged from 16.33 t0 37.67 and the minimum numbers of fruits were produced by the 

accessions CA-I I (9.33) and CA-08 (9.66). In second year. nine accessions produced fruits 

which varied from 15 . 10  to 36.67 in number and the minimum number of fruits were 

produced by the CA-08 (8.33) followed by CA-06, CA-10 and CA-11 .  Olufolaji and 

Makinde (I 994) reported the highest variability among the bell pepper germplasm. The 

number being varied from 20 to 124 whereas; Depesotre and Gomez (1995) recorded 10.50 

to 18.38 number of fruits plant' in Cuba during off-season. But Rylski and Spigelman 

(1986) harvested, on an average, around 8.5 fruits in bell pepper per genotype 'Maor' on an 

average. Contrasting to this, Hegde (1998) recorded only 6.80 to 7.70 fruits plant' in variety 

under different moisture levels at Bangalore in India. 
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Fig.1.9. Number of fruits of different accessions in two years 

1.3.2.13. Yield/Plant 

Among the 24 capsicum accessions, variation of yield per plant was found significant. 

The highest per plant yield was achieved by the accession CA-16 and the lowest being 

produced by CA-19, which was statistically different with other accessions under study. 

It was evident from table 1.8 that per plant yield variation among the accessions was 

very high. When the twenty four accessions were raised in first year, per plant yield 

differed from 0.28 to 2.25 kg and when grown in second year, per plant yield varied from 

0.28 to 2.37 kg. Cochran (1932) obtained per plant yield under warm condition ranging 

from I 0.00 to 795.00 g. The range being very high compared to the present investigation. 

But when Cochran studied under normal day length condition, yield varied from 65.90 to 

803.30 g which was also very high. This high yield might be due to the differences in the 

genotypes as well as variation in other environmental conditions. 

1.3.2.14. Yield/plot 

Significant variation was exhibited regarding per plot yield of 24 capsicum accessions 

(Appendix VI & VII. In first year, it varied from 2.81 to 22.49 kg and in second year, it 

ranged from 2.81 to 23.70 kg (Table 1.9). The trend was found more or less similar to the 

trend obtained in per plant yield. The accession CA-16 yielded the highest among the 

accessions and CA-19 yielded the lowest. The poor yielder was CA-23, CA-10, CA-07, 

CA-22 and CA-08. Accession CA-20 yielded about 20 kg fruits per plot whereas CA-05, 

CA-17 and CA-18 produced more than 18 kg per plot. Rylski and Spigelman (1986) 
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and CA-18 produced more than 18 kg per plot. Rylski and Spigelman (1986) recorded 16.50 

kg fruits/plot on an average due to different shading conditions in 'Maor' cultivar. 

Table 1.9. Yield/plot, TSS and Ascorbic acid content of capsicum 

Accessions Yield/ Yield/ TSS (%) TSS (%) Ascorbic acid Ascorbic acid 

plot (kg) plot (kg) (mg/ I OOg) (mg/lOOg) 

1"year 2" year 1"year 2" year 1" year 2" ear 

CA-0 1 1 .22i 10.74 i 5.48 ab 5.57 ab 37.59 b 38.12 b 

CA-02 13.19 fg 14.07 fg 5.37a-c 5.07a-c 47.49 a 46.33 a 

CA-03 12.47 gh 13.06 gh 4.86 b-d 4.97a-c 35.46 C 35.89 bc 

CA-04 14.20 e 13.94 fg 5.44 a-c 5.43 ab 25.98 i 26.41 d-h 

CA-05 18 . 16¢ 18.83 C 5.49 ab 5.47 ab 26.19 h-j 26.41 d-h 

CA-06 13.99ef 14.18 fg 5.62 ab 5.59 a 17.68 m 17.57j 

CA-07 8.35 Im 8.57j-1 4.65 cd 4.77 be 30.51 e 29.82 de 

CA-08 9.02 kl 8.91 jk 5.33a-¢ 5.40 ab 27.71 £% 18.77 i 

CA-09 12.04 hi 1 1 . 1 8  i  4.30 d 4.36 c 15.76 n 16.29j 

CA-10 7.58 mn 7.92 kl 5.48 ab 5.47 ab 20.981 20.87 h-j 

CA-1H 12.24 h 12.33 h 5.70 a 5.67a 22.57 kl 23.00 g-i 

CA-12 9.29 k 9.08j 5.42a-c 5.46 ab 27.27g-i 27.69 d-g 

CA-13 16.49 d 17.26 de 5.58 ab 5.58 a 37.17bc 36.63 b¢ 

CA-14 8.46 k-m 9.25j 5.40 a-c 5.38 ab 32.38 d 31.84 cd 

CA-15 14.29 e 14.50f 5.67 ab 5.67a 36.21 bc 35.67 b¢ 

CA-16 22.49a 23.70 a 5.48 ab 5.48 ab 20.981 20.98 h-j 

CA-17 18.86 c 17.99 cd 5.57 ab 5.58 a 23.32k 23.85 f-i 

CA-18 18.49¢ 18.84¢ 5.51 ab 5.48 ab 29.39 ef 30.03 de 

CA-19 2 .8 10  2.81 m 5.47 a-c 5.43 ab 25.67 j 25.77e-h 

CA-20 20.66 b 20.13 b 5.13 a-c 5.05 a-c 28.11 f-h 27.46 d-g 

CA-21 16.19 d 16.59 e 5.52 ab 5.47 ab 27.27g-j 27.35 d-g 

CA-22 7.88 mn 8.77j 5.47 ab 5.47 ab 30.03 e 30.24 de 

CA-23 7.15 n 7.54 1 5.58 ab 5.58 a 28.75 e-g 29.39d-f 

CA-24 10.76 j 12.42 h 5.05 a-c 5.07a-c 22.79 kl 23.75 Fi 

LSD,%, 0.858 1.030 0.681 0.667 1.760 4.880 

CV(%) 4.09 4.82 7.75 7.59 3.81 10.65 
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1.3.2.15. Yield 

The performance of twenty four sweet pepper accessions was accomplished under the 

agro-climatic and edaphic conditions of Bangladesh. Yield was found to be influenced 

significantly among the accessions in both the years. In first year, it ranged from 6.25 to 

49 .98 ton and in second year, it ranged from 6.24 to 52.10 ton. In both the years, the 

highest yield was achieved by the accession CA-16 and the lowest yield was obtained by 

CA-19. The second highest yield was calculated in CA-20 followed by CA-05 and CA 

I 8. The poor yielder was CA-10 and CA-23. The intermediate yields were in CA-02, 

CA-03, CA-04, CA-06, CA-11, CA-13, CA-15, CA-17, CA-21. Appireddy et al. (2008) 

reported that performance of US Agril. 18 1  was significantly higher in fruit yield (25.42 

t/ha in 2005 and 28.82 t/ha in 2006) as compared with other varieties. 
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Fig,1.10. Fruit yield of different capsicum accessions 

1.3.2.16. Total soluble solids (%) 

Percent total soluble solids (TSS) varied significantly, and ranged from 4.30% to 5.70% 

in first year and 4.36 to 5.67% in second year. The highest TSS was obtained from the 

accession CA-I I and the lowest percent of total soluble solid was found in CA-09 (Table 

1.9). Tsegay et al. (2013) found that TSS of sweet pepper varied from 5.4 to 6.2%. 
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1.3.2.17. Ascorbic acid content 

A remarkable significant variation was observed among capsicum accessions in respect of 

ascorbic acid content. In both the year, the highest amount of ascorbic acid was calculated 

in accession CA-02, followed by CA-01, CA-03, CA-13 and CA-14. The lowest amount 

was found in CA-09 followed by CA-06. Tsegay et al. (2013) stated that vitamin C content 

of sweet pepper genotypes varied significantly. Sachidananda et al. (2013) reported that 

ascorbic acid content varied from 37 to I 04 mg/I 00g among fifteen sweet pepper cultivars. 

Conclusion 

From the results of the experiment, it was observed that there was wide range of variability 

among the accessions of capsicum in both qualitative and quantitative characters under 

study. The shortest days were required for first flowering by the accessions CA-04, CA-07 

and CA-20 and the longest days were required by the accessions CA-I I and CA-19. The 

maximum plant height was attained by CA-19 and minimum was attained by CA-17. The 

maximum number of branches per plant was observed in CA-19 and the minimum was 

found in CA-I 1 .  The longest fruit was produced by CA-20 and the shortest in CA-19. 

Accessions CA-21, CA-16 and CA-17 had the widest diameter while it was the lowest in 

CA-12, CA-14 and CA-19. The highest average fruit weight was recorded in CA-20 

followed by CA-16 and the lowest in CA-19. Among the accessions, CA-02 contained the 

highest amount of ascorbic acid and the lowest amount was recorded by CA-09. The seed 

production potentiality of the accession CA- I 8 topped the list and CA-12 showed the poor 

performance. Yield was the highest in CA-16 and was the lowest in CA-19. From the field 

performance study it was evident that, the accessions CA-16, CA-20, CA-18 and CA-05 

were the higher yielder while the accession CA-I9 produced very shy yields. 
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Expt. No. 2. Character association and path analysis in Capsicum 

2.1. INTRODUCTION 

The development of an intensive breeding and improvement program needs detailed 

biological information and understanding of variation of yield and its components. The path 

coefficient analysis was originally developed by Wright (1921), but the technique was first 

used in plant breeding by Dewey and Lu ( 1959). It is a technique used to find the relative 

contribution of component characters directly on the main characters and indirectly through 

other characters to increase the efficiency in selection programmes. Of the correlation 

between dependent and independent characters is due to the direct effect of the characters, it 

reflects a true relationship between them and selection can be practiced for such a character 

in order to improve dependent variable. Otherwise, broadly speaking a breeder has to select 

for the later through which the indirect effect is exerted. 

Improvement in any crop is based on the extent of genetic variation and magnitude of 

available beneficial genetic variability. The proportion of genotypic, environmental 

variance and their interaction ( G E ) ,  can be determined by employing useful biometrical 

and genetical methods. Some of these parameters include genotypic (GCV) and phenotypic 

(PCV) coefficients of variation. Genotypic, phenotypic and environmental correlations 

reveal the degree of association between different characters. Thus it helps to base selection 

procedure to a required balance when two opposite desirable characters affecting the 

principle character are being selected. It also helps to improve different characters 

simultaneously (Falconer, 1981). Path analysis gives the cause and effect relationship. It 

critically breaks up different direct effect and indirect effect which finally makes up 

correlation coefficient. The correlation values decide only the nature and degree of 

association existing between pairs of characters. A character like plant yield is dependent on 

several mutually associated component characters and hence change in any one of the 

components is likely to affect the whole network of cause and effect. This is tum might 

affect the true association of component characters both in magnitude and direction and 

tends to vitiate the association of yield and yield attributes. Hence it is necessary to partition 
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the correlation of component characters into direct and indirect effects through components. 

In the present study path analysis was worked out to find out the direct and indirect effect. 

Objective: 

to examine the interrelationships among yield and its important morphological characters 

and their paths of contributions to fruit yield. 

83 



• 

2.2. MATERIALS AND METHODS 

2.2.1. Location of Experiment 

The present study was carried out at the research field of Horticulture Fann, Department of 

Horticulture, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. 

2.2.2. Climate and soil 

The climate and soil of the experimental field was same as in experiment I .  

2.2.3. Plant materials 

The twenty-four Capsicum genotypes were used in the experiment as planting material 

same as described in experiment I 

2.2.4. Data recorded 

Character association and path analysis in Capsicum was assessed using the collected data 

from Expt. No. 1 .  For this study, data on different parameters viz. days to 50% flowering, 

plant height, No. of primary branches, No. of secondary branches, fruit length, fruit 

diameter, stalk length, No. of fruits per plant, individual fruit weight, No. of seeds per fruits, 

TSS, Ascorbic acids, mature leaf length, mature leaf width and yield per plant were 

recorded. 

2.2.5. Correlation and path co-efficient analysis 

Association of characters and cause effect relationship were studied for yield and some of 

its component characters. For analysis of the association of different characters and their 

contribution to fruit yield, the data obtained from 24 capsicum accessions on days to 50% 

flowering, plant height, number of primery branches, no. of secondary branches, fruit 

length, fruit diameter, stalk length, fruits per plant, individual fruit weight, seeds per plant, 

mature leaf length, mature leaf width, TSS: ascorbic acid content and yield per plant were 

used. 
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2.2.5.1. Estimation of gcnotypic and phenotypic correlation 

Association of different characters under study was analyzed by working out simple 

correlation co-efficient for all possible pairs of character combinations at phenotypic and 

genotypic levels following Hayes et al. (1955). 

2.2.5.2. Estimation of path co-efficient 

In order to find a clear picture of the inter-relationship between fruit yield and other 

components, direct and indirect effects were worked out using path analysis at genotypic 

level following Dewey and Lu ( 1957). After calculating the direct and indirect effects of 

characters, the residual effect was calculated using the formula suggested by Singh and 

Chaudhary (I 985). 
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2.3. RESULTS AND DISCUSSION 

Correlation between different characters is an important aspect for better planning of 

selection programmes. The adequate knowledge of interrelationship among various traits 

and the practices of unilateral selection for agronomic traits frequently end up in retrograde 

or less than an optimum result in plant breeding (Bhatt, 1973). The correlation and path 

analysis studies are important assets to the breeder; especially in case of a crop like 

capsicum where both quality and quantity are important. The information on the nature and 

magnitude of variability and correlation in a population owing to genetic and non genetic 

factors is one of the prerequisites in any hybridization programme for selecting parents with 

desirable characters. 

2.3.1 Correlation between yield and yield contributing characters 

For yield improvement, relationships between yield and yield contributing characters are 

very important in choosing a suitable selection criterion. The relationship between yield and 

component characters may be due to genetic linkage, pleiotrophy or developmental causes 

(Shamsuddin, 1990). In the selection process for crop improvement, knowledge of 

association of various characters is the most important tool (Desai et al. 1994). 

Genotypic and phenotypic correlation co-efficient between yield and its contributing 

characters in Capsicum are presented in Table 2. 1 .  In majority of the cases, the genotypic 

correlation co-efficient were higher than corresponding phenotypic correlation co-efficient. 

Higher genotypic correlations than phenotypic ones might be due to modi fying or masking 

effect of environment in the expression of these characters under study (Nandpuri et al 

1973). Johnson er al. (1995) also reported higher genotypic correlation than phenotypic 

correlation which also indicated an inherent association between various characters. 

The results indicated that there had a negative insignificant correlation for yield plant with 

days to 50% flowering. Days to 50% flowering had positive significant correlation with 

total soluble acids both genotypic and phenotypic levels but with fruit lengths showed 

negative significant correlation only at genotypic levels. It has positive association with 
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plant height, number of primary branches, no. of secondary branches, fruit diameter and 

with seeds per plant. On the other hand negative association with fruit length, stalk length, 

fruits per plant, fruit weight, ascorbic acid content, mature leaf length and width. 

Plant height has positive significant association with number of primary branches, number 

of secondary branches, stalk length. and mature leaf length and width both at genotypic and 

phenotypic levels and positive non-significant association with fruits I plant, seeds per plant 

and mature leaf width. Negative significant association was observed with fruit length, fruit 

diameter and fruit weight and non significant negative association was found with total 

soluble solids and amino acids contents in both the genotypic and phenotypic levels. 

Significant positive correlation was notified for number of primary branches with number of 

secondary branches, number of fruits per plant and with mature leaf length, but the negative 

correlation was for fruit diameter and fruits weight. Non significant positive correlation was 

found with TSS and ascorbic acid contents and negative non significant correlation was 

observed with seeds per plant and mature leaf width. 

Number of secondary branches exhibited positive significant association with number of 

fruits per plant and with fruit weight both at phenotypic and genotypic levels but significant 

positive correlation co-efficient was observed with stalk length only at genotypic level. 

Negative significant correlation with fruit diameter at both the levels and with fruit length 

only at genotypic level. 

Positive significant correlation was also noticed for fruit length with fruit weight both at 

phenotypic and genotypic levels but with fruit diameter showed positive correlation only at 

genotypic level. This trait had also positive but insignificant genotypic and phenotypic 

correlations with stalk length, seeds per plant, and with mature leaf length and leaf width. 

Genotypic and phenotypic correlation coefficients revealed that diameter of fruit had highly 

positive significant correlations with fruit weight and seeds per plant. It was found positive 

and significantly correlated with yield per plant. Positive but insignificant genotypic and 

phenotypic correlations were observed with stalk length, total soluble solids content and 

with mature leaf length and width. On the other hand, negative non significant genotypie 
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and phenotypic correlations were observed between diameter of fruit and number of fruits 

per plant, as well as between diameter of fruit and ascorbic acids content (Table 2.1 ). 

Stalk length was positive and significantly associated with mature leaf length and with 

mature leaf width both at genotypic and phenotypic levels, Stalk length was also associated 

positively with all the characters at both the levels. 

Correlation coefficient of number of fruits per plant was highly positive and significant with 

number of primary and secondary branches both genotypically and phenotypically. It was 

significantly and negatively correlated with average weight of fruit and seeds per plant. 

Positive but insignificant association was observed with TSS and Ascorbic acid contents. 

Individual fruit weight showed significant negative correlation with plant height and 

number of primary branches. Strong positive significant correlation was found with fruit 

diameter, fruit length, and seeds per fruit at both phenotypic and genotypic levels. 

It was observed that number of seeds per fruit had significant positive correlation with 

diameter of fruit and average weight of fruit in both levels. Negative and significant 

association was observed for this character with number of fruits per plant. This character 

was positively correlated with all other the characters except number of primary and 

secondary branches. 

TSS has positive and significant association with days to 50% flowering. Positive but 

insignificant association with ascorbic acid contents and yield/plant. Ascorbic acid contents 

have insignificant association with all the characters. These traits are positively associated 

with number of branches, numbers of fruits/plant; stalk length and seeds per plant. All other 

characters showed negative association with this trait in both levels. 

Mature leaf length was positively and significantly associated with plant height, number of 

primary branches, stalk length and seeds per plant. Negative and non-significant association 

was observed with days to 50% flowering, number of fruits/plant, TSS and with ascorbic 

acid contents in both the levels. Mature leaf width have positive and significant association 

with mature leaf width, seeds per plant and stalk length. Positive but no significant 

association was observed with plant height, number of secondary branches, fruit length, 

fruit diameter and fruit weight. 
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Table 2.1. Genotypic and phenotypic correlation co-efficients between yield and yield contributing characters in capsicum 

• 

Characters PH NPB NSB FL FD SL F/p FW SIF TSS AA MLL MLW YIP 

OF G 0.0287 0.105 0.144 -0.580 0.033 -0.012 -0.229 -0.096 0.228 0.524 -0.192 -0. 1 04  -0.090 -0.327 

p 0.0325 0.106 0.128 -0.332 0.029 -0.024 -0.220 -0088 0.200 0.495 -0.194 -0.094 -0077 -0.308 

PH G 0.890° 0.828 -0451 -0.451 0.436 0.328 -0.378° 0.034 -0.154 -0005 0.482° 0.325 0.401 

p 0.685° 0.744 -0.215 -0.445 0.397 0.319 -0.370 0.029 -0.145 -0.003 0.471 0.312 0.393 

NPB G 0.962 -0.585° -0.798 0.411 0.679° -0.686 -0.260 0.119 0.151 0 676 .. -0.096 -0.305 

p 0.836° -0.241 -0.61g° 0.284 0.513 -0.529 .. -0.198 0.086 0.117 0.502° -0.073 -0.229 

NSB G -0.557 -0.557° 0.380 0.494 0.494 -0054 0.160 0.079 0.160 0022 0.386 

p -0.222 -0.509 0.320 0.446 0.446° -0.040 0.138 0078 0.156 0.030 0.353 

FL G 0.446 0.195 -0.012 0.753 0.076 -0.045 -0063 0.079 0.150 0.496 

p 0.216 0.099 0.005 0.359° 0.072 -0.026 -0.023 0.039 0.114 0.248 

FD G 0.101 -0.788 0.923 0.548 0.100 -0.132 0.173 0.309 0.709° 

p 0.098 -0.773° 0.912° 0531° 0.100 -0.127 0.163 0.302 0.700 

SL G 0.029 0.259 0.305 0.102 0.017 0.520 0.557°° 0.292 

p 0.025 0.242 0.276 0.083 0.019 0.485 0.515° 0.268 

FIP G -0.659 -0.580 0.032 0.121 -0.087 -0.289 -0.243 

p -0.657 -0.556 0.031 0.120 -0.086 -0.282 -0.237 

FW G 0.526 0.128 -0.103 0.239 0.360 0 223 

p 0.508 0.124 -0.104 0.236 0.352 0 222 

SIF G 0.154 0.082 0469 0.519° 0.354 

p 0.146 0.073 0.434 0.488 0343 

TSS G 0.105 -0.183 -0.257 0.132 

p 0103 -0.183 -0.254 0.128 

AA G 
-0.212 -0.229 -0.013 

p -0 209 -0.226 -0.013 

MLL G 
0.855° 0.175 

p 0.841 0.170 

MLW G 
0.216 

p 0.211 

• indicate the level of significance at 5% and 1% level, respectively 
1. DF- Days to 50% flowering 2. PH- Plant height 3. NPB- No, of primary branches 
6. FD-Fruit diameter 7. SL-Stalk length 8. F/P- No. of fruits per plant 
11.TS-Total Soluble Solids 12. AA-Ascorbic acids 13.MLL-Mature leaf length 
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4. NSB-No. of secondary branches 
9. FW-Fruit weight 

14. MLW-Mature leaf width 

5.FL- Fruit length 
10. S/F- Seeds/Fruits 

15. Y/P-Yield/ Plant 
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Yield per plant showed significant and positive genotypic and phenotypic correlation 

with fruit length, fruit diameter, plant height and seeds per fruit. Singh and Singh ( I 970) 

obtained significant and positive genotypic correlation in pea between pod yield per plant 

and pod width which is in consonance with the present result and also the finding of 

Sharifuzz.aman (1998). Number of fruits per plant had no any significant effect on yield 

in sweet pepper which is in agreement with the findings of Monda! et al. (1992) in 

bittergourd and in Capsicum. 

Strong significant positive correlation of fruit diameter with yield per plant in papain was 

reported by Magdalita et al. (1984) and in capsicum by Sidrat (2005) and Seemanthani 

and Balakrishnan (1964) and these results are in agreement with the result of this 

experiment. In the present finding positive insignificant correlations were observed for 

yield per plant with number of secondary branches. stalk length, fruit weight, TSS 

content, mature leaf length and width but negative insignificant correlation was noted 

with days to 50% flowering, number of primary branches and ascorbic acid content. 

These findings were in accordance with the findings of Sidrat (2005) and Srilaskmi 

(2006). 

2.3.2. Path co-efficient analysis 

Association of characters determined by correlation coefficient might not provide an 

exact picture of the relative importance of direct and indirect influence of each of the 

yield components on yield. In order to find out a clear picture of the interrelationship 

between yield and yield attributes. direct and indirect effects were worked out using path 

analysis at genotypic level which also measured the relative importance of each 

component. Partitioning of correlations into the direct and indirect effects of each 

characteristic through path coefficient analysis is necessary when more variables are 

included in correlation studies (Dewey and Lu, 1959). 
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From path coefficient analysis, it was observed that number of fruits/plant had the 

maximum direct effect (2.670) followed by diameter of fruits (2.208), plant height 

(2.122) and average fruit weight (1.974) (Table 2.2). The contribution of yield 

components like fruit diameter, number of fruits/plant and fruit weight were higher in the 

present study. These findings are in agreement with the findings of Sidrat (2005). Saha 

(2004) found maximum positive direct effect for average weight of fruit. The maximum 

positive direct effect of number of fruits per plant in okra was also reported by Mondal 

and Dana (1994 a), Dhall et al. (2000) and Saifullah (2007). 

Days to 50% flowering had direct negative effect (-2.166) on yield. Negative indirect 

effects were seen through characters viz, fruits/plant, number of branches, fruit weight, 

stalk length and mature leaf width. Days to 50% flowe ring has high positive indirect 

effect on yield through fruit length (2.090). Other positive indirect effect on yield through 

plant height (0.061), fruit diameter (0.072), seeds per plant, TSS (0.572), ascorbic acid 

content ( 0 . 1 1 3 )  and mature leaf length (0.119). The contributions of negative and positive 

indirect effects via different parameters were responsible for exhibiting the negative total 

genotypic correlation with yield. 

Plant height had high direct positive effect on yield (2.122). Indirect positive effects were 

through fruits length, stalk length, number of frui ts/plant , seeds per fruit, mature leaf 

width and ascorbic acid content. High indirect negative effect was through number of 

secondary branches (-1.727) followed by fruits diameter (-0.996) and fruits weight ( 

0. 747), mature leaf length (-0.555), number of primary branches (-0.279), TSS (-0.168) 

and days to 50% flowering (-0.062). 

Number of primary branches had negative direct effect on yield (-0.314), while indirect 

positive effects were observed for plant height (1.891), fruit length (2.107), stalk length 

(0.257), fruits per plant ( 1 .813) and TSS contents. Indirect negative effects were through 

days to 50% flowering, number of secondary branches, fruit diameter, fruit weight, seeds 

per fruits, mature leaf length, width and ascorbic acid content. On the other hand, number 
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of secondary branches had high negative direct effect on yield (-2.085) but this was made 

up by high positive indirect effect of fruit length (2.005), plant height (1.758) and fruits 

per plant (1 .318) .  The other positive indirect effects were through stalk length, TSS 

contents and mature leaf width. 

The direct effect of fruit length on yield was negative and high (-3.603) but this was 

supplemented by high positive effect of fruit weight (1.486), days to 50% flowering 

(1.257) and number of secondary branches (1.160) on yield indirectly. In this study, the 

correlation coefficient was positive, but the direct effect was negative. In such situations, 

the indirect effects seem to be cause of correlation and these indirect causal factors are to 

be considered simultaneously for selection. Other positive indirect effects were number 

of primary branches, fruit diameter, stalk length, seeds per fruit and ascorbic acid 

contents. Negative indirect effects were through plant height, fruits per plant, TSS 

content and mature leaf length. 

Fruit diameter had high positive direct effect (2.208) on yield supplemented by a high 

positive indirect effects through fruit weight (1.822), number of secondary branches 

(1.161) followed by number of primary branches, stalk length, seeds per plant, TSS, 

ascorbic acid contents and mature leaf width: But this is counteracted by the high 

negative indirect effects through fruits/plant (-2.103), fruit length (-1.606), plant height ( 

0.957), days to 50% flowering (-0.071) and mature leaf length. 

Stalk length exhibited positive direct effect (0.624) on yield. Indirect positive effects 

through plant height, fruit weight, seeds per plant, fruit diameter, days to 50% flowering. 

fruits per plant, TSS and mature leaf width. Negative indirect effects were through 

number of primary branches, number of secondary branches, fruit length, ascorbic acid 

content and mature leaf length. 

Number of fruits per plant showed direct positive effect (2.670) on yield. But high 

negative indirect effects via fruit diameter, fruit weight, number of secondary branches, 
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number of primary branches, seeds per fruit, amino acids content and mature leaf width 

brought about net effect of negative correlation of yield. The positive indirect effects 

were plant height, days to 50% flowering, fruit length, stalk length, mature leaf length 

and TSS content. 

Weight of fruit showed high positive direct effect of l.974 on yield and had high positive 

indirect effects through fruit diameter (2.038) and number of secondary branches (1.012). 

Other positive indirect effects were days to 50% flowering, number of primary branches, 

stalk length, mature leaf length, TSS and ascorbic acid content. The negative indirect 

effects were fruit length, fruits per plant, plant height and mature leaf length. 

A positive direct effect of seed number of frui t on yield (0.778). High positive indirect 

effects through fruit diameter and fruit weight (1.039). Other positive indirect effects 

were observed through plant height, number of primary branches, number of secondary 

branches, stalk length, TSS and mature leaf length, ascorbic acid content. High negative 

indirect effects were fruits/plant followed by days to 50% flowering and mature leaf 

length. 

TSS had high direct positive effect on yield (1 .091) .  Indirect positive effects were 

through fruit length, fruit diameter, stalk length, mature leaf length, fruits per plant, fruit 

weight and seeds per fruit. Negative indirect effects were through days to 50% flowering, 

plant height, number of branches, ascorbic acid content and mature leaf width. Ascorbic 

acid contents had direct negative effect on yield (-0.590). Other negative indirect effects 

were through plant height, number of branches, fruit diameter and fruit weight. 

A high negative direct effect of mature leaf length on yield ( - 1 . 1 5 1 )  was observed. On the 

other hand positive direct effects were found through plant height (1.024) followed by 

days to 50% flowering, fruit diameter, stalk length, fruit weight, seeds per fruit, amino 

acid content and mature leaf length. Mature leaf width had positive direct effect (0.129) 
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Table 2.2. Genotypie path coefficient analysis showing direct (bold) and indirect effect of yield contributing characters toward yield 

Characters DF PH NPB NSB FL FD SL FIP FW S/F TSS AA MLL MLW YIP 

DF -2.166 0.061 -0.033 -0.301 2.090 0.072 -0.007 -0.6 II -0.189 0.177 0.572 0.1 13  0.119 -0.012 -0.327 

PH -0.062 2.122 -0.279 -1.727 1.627 -0.996 0.272 0.875 -0.747 0.027 -0.168 0.003 -0.555 0.042 0.401 

NPB -0.227 1.891 -0.314 -2.006 2.107 -1.761 0.257 1.813 -1.354 -0.202 0.129 -0.089 -0.778 -0.012 -0.305 

NSB -0.313 1.758 -0.302 -2.085 2.005 -1.230 0.237 1.318 -0.958 -0.042 0.175 -0.047 -0.184 0.003 0.386 

FL 1.257 -0.958 0.183 1.160 -3,60.3 0.984 0.122 -0.032 1.486 0.059 -0.049 0.037 -0.091 0.019 0.496 

FD -0.071 -0.957 0.250 1.161 -1.606 2.208 0.063 -2.103 1.822 0.427 0.109 0.078 -0.199 0.040 0.709 

SL 0.026 0.926 -0.129 -0.791 -0.704 0.224 0.624 0.078 0.512 0.237 0.1 I 1 -0.010 -0.598 0.072 0.292 

FIP 0.496 0.695 -0.213 -1.029 0.043 -1.740 0.018 2.670 -1.300 -0.451 0.035 -0.072 0.100 -0.037 -0.243 

FW 0.208 -0.803 0.215 1.012 -2.714 2.038 0.162 -1.758 1.974 0.409 0.139 0.061 -0.275 0.046 0.223 

SIF -0.493 0.073 0.081 0.1 13 -0.273 1 .2 1 1  0.190 -1.549 1.039 0.778 0.168 -0.048 -0.540 0.067 0.354 

TSS - 1 . 135  -0.328 -0.037 -0.334 0.162 0.220 0.064 0.086 0.252 0.173 1.091 -0.062 0.210 -0.033 0.132 

AA 0.415 -0.010 -0.047 -0.166 0.228 -0.291 0.01 I 0.324 -0.203 0 . 1 1 9  0. 1 15  -0.590 0.244 -0.030 -0.013 

MLL 0.225 1.024 -0.212 -0.334 -0.286 0.381 0.325 -0.232 0.472 0.064 -0.199 0.125 -1.151 0. 1 10  0.175 

MLW 0.195 0.689 0.030 -0.045 -0.286 0.683 0.348 -0.772 0.710 0.365 -0.280 0. 1 3 5  -0.984 0.129 0.216 

R 0.377 

I. DE- Days to 50% flowering 

6. FD-Fruit diameter 

L.TSS-Total Soluble Solids 

2 . P H -  Plant height 

7. SL-Stalk length 

12. AA-Ascorbic acids 

3. NPB- No. of primary branches 

8. FP- No. of fruits per plant 

13.MLL-Mature leaf length 
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4. NSB-No. of secondary branches 

9.FW-Fruit weight 

I4. MLW-Mature leaf width 

5. FL- Fruit length 

I0. SF- Seeds/Fruits 

I5, YIP-Yield Plant 
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on yield but this was made up by positive indirect effects of days to 50% flowering, plant 

height, number of primary branches, fruit diameter, stalk length, fruit weight, seeds per 

plant and ascorbic acid contents. 

The estimated residual effect was 0.377 indicating that about 70% of the variability in 

Sweet pepper yield/plant was contributed by the characters studied in path analysis. This 

residual effect towards yield in the present study might be due to other characters which 

were not studied, environmental factors and sampling errors. 

Conclusion 

The results of correlation studies between yield and yield contributing characters revealed 

that the genotypic correlation coefficient values were greater than corresponding 

phenotypic ones for most of the characters under study (Table 2.1), indicating the 

presence of a strong inherent relationship among them. These findings were in agreement 

with the findings of Ahmed (2005) and Rahman (2006). From correlation studies it was 

observed that fruit diameter. fruit length. plant height and seeds per fruit were 

significantly and positively correlated with yield of capsicum both genotypically and 

phenotypically. Numbers of secondary branches, fruits per plant, fruit weight, stalk 

length, mature leaf length, mature leaf width and TSS were positively correlated with 

yield but all were insignificant. 

Plant height had positive significant association with number of primary branches and 

with secondary branches and positive association with fruits/plant and seeds per fruit. 

Positive significant correlation was also noticed for fruit length with fruit weight both at 

phenotypic and genotypic levels. 

Genotypic and phenotypic correlation coefficients revealed that diameter of fruit had 

highly positive significant correlations with fruit weight and seeds per plant. Number of 

fruits per plant was highly positive and significant with number of primary and secondary 
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branches. It was significantly and negatively correlated with average weight of fruit and 

seeds per fruit. 

The result of the path analysis revealed that number of fruits/plant had the maximum 

direct effect (2.670) followed by diameter of frnits (2.208), plant height (2.122) and 

average fruit weight (1.974). Positive direct effect was also exhibited for the characters 

stalk length, leaf length, seeds per fruit, TSS and mature leaf width. Days to 50% 

flowering, number of branches, fruit length and ascorbic acid content showed negative 

direct effects toward yield. The contribution of negative and positive indirect effect via 

different parameters were responsible for the exhibiting the negative total genotypic 

correlation with yield. The estimated residual effect was 0.377 indicating that about 70% 

of the variability in sweet pepper yield was contributed by the characters studied in path 

analysis. On the basis of path analysis it is therefore, suggested that the number of 

fruits/plant, fruit diameter and fruit weight are the important component of yield for 

Capsicum. 
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Expt. No. 3. Genetic diversity of Capsicum using morphological 

characters. 

3.1. INTRODUCTION 

Capsicum is one of the world's most popular and widely grown vegetable. The fruit of 

Capsicum plants have a variety of names with reference to place and type. They are 

commonly known as chilli pepper, capsicum, red or green pepper, or sweet pepper in 

Britain, and typically just capsicum in Australia and India. 

A critical estimate of genetic variability is a prerequisite for initiating appropriate breeding 

procedures in crop improvement programmes. The variability observed in any population 

could be due to two factors the genetic and environmental, which were discussed in the 

early part of last century by Johannsen (1909), who attributed the variation in a segregating 

population to both heritable and non-heritable factors and variation with in pure line to only 

environmental factors. Nelson Ehle (1909) and East (1916) later confirmed Johannsen's 

work and showed that continuous variation also conforms to Mendelian Genetics. 

Pandita et al. (1991) stated that before formulating any breeding programme for 

improvement of any crop, study of variability present in the material is essential especially 

for Capsicum. Sweet pepper is grown in all over the world and in Bangladesh, some 

germplasms are cultivated. The yield of these germplasms is low. But these gennplasms are 

heterogeneous and serve as a reservoir of genetic variability for the plant breeder. The 

existence of numerous uncharacterized chile cultivars within agricultural lands may serve as 

a valuable source of economically important genes. Bangladeshi farmers are preserving 

some germplasms by growing them in their gardens. Systematic characterization and 

documentation of these gennplasms has not been accomplished. To meet the present ever 

increasing demand it is necessary to develop high yielding varieties. Since there exists a 

considerable variability of this crop. Therefore, the present investigation was undertaken 

with the following objective. 

1 .  to study the genetic diversity of qualitative and quantitative characters in Capsicum. 
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3.2. MATERIALS AND METHODS 

3.2.1. Location of Experiment 

The research work was conducted at the research field of Horticulture Fann, Department of 

Horticulture, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. The experiment 

was carried out during the period from October 2012 to May 2013. It was located between 

2374'N latitude and 90'35'E longitude (Anon.,1989). The altitude of the location was 8 m 

from the sea level (The Meteorological Department of Bangladesh, Agargaon, Dhaka). 

3.2.2. Climate and soil 

The climate and soil of the experimental field was same as in experiment I .  Details of the 

soil characteristics under the experimental plot are presented in Appendix I. The weather 

data regarding air temperature, relative humidity and rainfall during the study period are 

presented in Appendix 

3.2.3. Plant materials 

The twenty-four Capsicum genotypes were used in the experiment as planting material 

same as described in experiment I. 

3.2.4. Collection of data 

Genetic diversity of 24 Capsicum accessions was assessed using the collected data from 

Expt. No. I .  For this study, data on different parameters, viz. days to 50% flowering, plant 

height, No. of primary branches, No. of secondary branches, fruit length, fruit diameter, stalk length, 

No. of fruits/'plant, individual fruit weight, seed no./fruit, TS$(%), Ascorbic acid (mg/100g), mature 

leaf length, mature leaf width and yield (tVha) were recorded. 

3.2.5. Genetic diversity analysis 

The genetic divergence of 24 Capsicum accessions were estimated following Mahalanobis 

(1936) generalized distance (D) extended by Rao (1952). Tocher's method (Rao, 1952) 

was followed for determining the group constellations. Canonical analysis was also done 
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according to Rao (1986) to confirm the results of cluster and D analysis. Mean data for 

each character were subjected to multivariate analysis techniques for principal component 

analysis (PCA), Principal Coordinate Analysis (PCO) and Canonical Vector Analysis 

(CVA). Cluster Analysis (CLSA) was done by computer using GENSTAT 5.13 software 

programme. 

3.2.5.1. Principal Component Analysis (PCA) 

Principal component analysis is one of the multivariate techniques which is used to 

determine the interrelationship among several characters and can be done from the sum of 

squares and products matrix for the characters. This technique displays most of the original 

variability of a set of variable in a smaller number of dimensions. The principal components 

were computed from the correlation matrix and genotypic scores. The genotypic scores are 

obtained from the first and succeeding components with latent roots greater than unity. 

Latent roots are termed as 'Eigen values'. The first component has the property of 

accounting for maximum variance. The PCA displays most of the original variability in a 

similar member of dimensions, since it finds linear combinations of a set of variate that 

maximize the variation contained within them. Contributions of different characters towards 

divergence are discussed from the latent vectors of the two principal components. 

3.2.5.2. Principal Coordinates Analysis (PCO) 

Principal coordinate analysis is equivalent to principal component analysis but is used to 

calculate inter-genotypic distances. Using similarity matrix, PCO gave the minimum 

distance between each pair of the N points through the use of all dimensions of P (Digby et 

al., 1989). 

3.2.5.3. Canonical Vector Analysis (CVA) 

Principal coordinate analysis is a sort of multivariate analysis. Canonical vectors and roots 

representing different axes of differentiation and the amount of variation accounted for each 

axis, respectively, is divided. This vector analysis determined the linear combination of 

original variability, which maximizes the ratio between groups to within group variation. It 

provides two-dimensional plots that help in separating the different populations involved. 
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3.2.5.4. Clustering analysis (CLSA) 

On the basis of a data set, clustering analysis divides the accessions into some mutually 

exclusive groups. The clustering is done using non-hierarchical classification. In Genstat, 

the algorithm is used to search for optimal values of the chosen criterion. The algorithm 

perfonns some initial classification of the accessions into required number of groups, and 

then repeatedly transfers accessions from one group to another so long as such transfer 

improve the value of the criterion. After completion of transfer, the algorithm switches to a 

second stage that examines the effect of swooping two accessions of different groups, and 

soon. 

3.2.5.5. Computation of average intra-cluster distances 

Computation of average intra cluster distance for each cluster was calculated by taking 

possible D' values. Within the members of a cluster obtained from the PCO after the 

clusters are formed. The formula ut i l ize? here )D2 is the sum of distances between 
n 

all possible combinations, (n) of the accessions included in a cluster. The square root of the 

average D values represents the distance (D) within cluster. 

3.2.5.6. Computation of average inter-cluster distance 

The clusters were taken one by one and their distances from other clusters were calculated. 

The process of calculating inter-cluster distances is between cluster I and 11, cluster I and 

III, cluster I and IV, cluster I and V, cluster U and III, cluster II and IV, and so on. 

3.2.5.7. Cluster diagram 

The values of inter-cluster distance were used to draw cluster diagram. Such a diagram 

presents the pattern of diversity of accessions included in a cluster. 
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3.3. RESULTS AND DISCUSSION 

Results on analysis of genetic diversity among the capsicum accession under study using 

multivariate techniques are presented and discussed here. 

3.3.1. Principal Component Analysis (PCA) 

In genetic diversity studies using morphological traits, the most important variables 

describing phenotypic variation are defined by Principal Component (PC) analysis. 

Diversity studies using principal component analysis have been carried out in Sweet pepper 

by several authors to understand and prioritize the most essential traits which explain much 

of the variability among the studied accessions (Portis et al., 2006; Bozokalfa et al., 2009; 

Rohami et al., 201 0; Lah bib, 2012; Ilic et al., 20 I 3). Eigen values of principal component 

axis, percent of total variation and cumulative variation were obtained from principal 

component analysis are presented in Table 3. 1 .  Fifteen characters were considered for 

genetic diversity analysis. 

The results revealed that the first principal axis ( days to 50% flowering) largely accounted 

for the variation among the 24 accessions which alone contributed 37.69 % of the total 

variations followed by plant height, no. of primary and secondary branches . The total 

contribution of the first four principal component axes of the study was higher (79.49%) 

than what was observed by Bozokalfa et al. (2009) where the first six principal component 

axes contributed 54.29% to total genetic variance among 48 pepper accessions. Lahbib et al. 

(2012) also observed 87% of the total genetic variance taking into account the first three 

principal component axes. In the present study, it can be deduced that days to 50% 

flowering, plant height, no. of branches, fruit length and diameter were the most important 

traits which accounted for much of the variability among the accessions. More or less 

similar types results were observed by other researchers such as Agyare (2013) and 

Dandunayak (2008). 
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Table 3.1. Latent roots (Eigen values) and percent of variation in respect of 15 characters in 

Capsicum 

SI. Principal component axis Latent roots %of total variation Cumulative 
No. accounted for percent 
I Days to 50% flowering 6.407 37.69 37.69 

2 Plant height 3.159 18.58 56.27 

3 No. of primary branches 2.259 13.29 69.56 

4 No. of secondary branches 1.688 9.93 79.49 

s Fruit length 1.069 6.29 85.78 

6 Fruit diameter 0.735 4.32 90.10 

7 Stalk length 0.464 2.73 92.83 

8 No. of fruits /plant 0.371 2.18 95.01 

9 Fruit weight 0.259 I.SI 96.52 

10 Seed noJ fruit 0.240 1.41 97.93 

11 Yield (tVha) 0.047 0.28 99.74 

12 TSS(%) 0.026 0.16 99.90 

13 Ascorbic Acid (mg/100g) 0.018 0.11 100.00 

14 Mature leaf length (cm) 0.000 0.00 100.00 

15 Mature leaf width (cm) 0.000 0.00 100.00 

3.3.2. Mean performance of 24 accessions 

Range, mean, standard deviation and co-efficient of variation of different characters of the 

studied accessions are presented in Table 2.2. Maximum variation was found in fruit weight 

(g), followed by seed number per fruit, plant height, yield per ha and ascorbic acid 

(mg/l00g) content. Hence, there is enough scope for selection of potential accessions. 

3.3.3. Non-hierarchical clustering 

The analysis of variance revealed highly significant differences among the hybrids for all 

the fifteen characters indicating the existence of genetic variability among the experimental 

accessions. The twenty-four accessions were grouped into five different clusters using the 

non-hierarchical clustering method by Genstat Version 3 software programme in such a way 
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that the accessions within the cluster had smaller D' values among themselves than those 

belonging to different clusters (Table 3.3). Pattern of distribution of genotypes among 

various clusters reflected the considerable genetic variability present in the accessions under 

study. The maximum number of accessions (8) was comprised in to cluster Ill indicating 

overall genetic similarity among them which was followed by cluster II (6), cluster I (4) and 

V (4). The minimum accessions (2) comprised into cluster IV. Srilakshmi (2006) assessed 

genetic diversity by using D' statistic, 102 genotypes were grouped into15 clusters. 

Table 3.2. Mean performances of 24 accessions 

Characteristics Mean Range Standard CV% 

Min. Max. deviation 
Days to 50% flowering 75.68 64.67 88.33 6.56 8.67 

Plant height 70.26 48.67 127.33 16.45 23.41 

No. of primary branches 2.89 2.33 5.00 0.52 17.99 

No. of secondary branches 6.61 4.33 12.67 1.62 24.50 

Fruit length 8.69 2.33 15.47 2.6l 30.05 

Fruit diameter 5.70 3.37 7.33 1.18 20.71 

Stalk length 2.85 2.10 3.37 0.38 13.33 

No. of fruits /plant 16.12 9.33 37.67 6.89 42.74 

Fruit weight 94.44 14.33 171.33 45.76 48.45 

Seed no./fruit 103.20 42.00 170.30 30.33 29.39 

Yield (ha) 28.36 6.25 49.98 10.77 37.98 

TSS(%) 5.36 4.30 5.70 0.34 6.35 

Ascorbic Acid (mg/100g) 28.22 15.76 47.49 7.09 25.12 

Mature leaf length (cm) 1 1 .99 6.50 18.87 3.26 27.19 

Mature leaf width (cm) 5.46 3.27 7.50 0.97 17.76 

3.3.4. Average intra and inter cluster distance 

Vector analysis was carried out to compute the inter-cluster distance (Mahalanobis D 

values). The values of inter-cluster distance and intra-cluster distance obtained through PCO 

analysis, 24 capsicum accessions were grouped into five clusters. The inter and intra cluster 

distance are presented in Table 3.4. The results revealed that the inter-cluster distances 
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between the different clusters of capsicum accessions differed widely. The inter-cluster 

distances were greater than the intra-cluster distance suggesting wider genetic diversity 

among the accessions of different groups. The highest inter-cluster distance (39.99) was 

observed between cluster I and cluster IV indicating wide range of genetic diversity 

between these two clusters, which was followed by distance between cluster III and IV 

(28.39), cluster IV and V (25.39), cluster I and Ill (23.33), cluster I and II (22.83) and 

cluster II and IV (20.47). The maximum value of inter-cluster distance indicated that the 

accessions belonging to cluster I was far away from those of cluster IV. Similarly, the 

higher values of inter-cluster distance between Ill and IV, cluster IV and V, cluster III and I, 

cluster I and II and cluster II and IV indicated that the accessions belonging to each pair of 

cluster were more diverse. Intermediate inter-cluster divergence was found between cluster 

Ill and V and cluster I and Vindicating moderate genetic diversity among the accessions. 

The lowest inter-cluster distance (11.50) was observed between cluster II and V, followed 

by cluster II and Ill (11 .88) indicated that accessions of these clusters were genetically less 

diverse. Higher inter and intra-cluster distances indicated higher genetic diversity among 

accessions between and within the clusters, respectively. The lower inter and intra-cluster 

distances indicated that the accessions of two clusters are closed and within the cluster also. 

These relationships were also reflected in the scatter distribution (Fig. 3.1 ). These findings 

were supported by Srilakshmi (2006). 

Table 3.3. Distribution of 24 accessions in five different clusters 

Cluster 

II 

Ill 

IV 

V 

No. of different genotypes 

4 

6 

8 

2 

4 
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Genotypes in different clusters 

5, 1 1 , 1 6 ,  17 

1 ,2 ,  3, 8, 13, 24 

4, 7, 9, 10, 12, 15, 22, 23 

14, 19 

6, 18, 20, 21 



Table 3.4. Intra (bold) and inter-cluster distances of 24 Capsicum accessions 

Clusters II Ill IV V 

al 0.715 

II 22.83 0.801 

lll 23.33 11.88 1.193 

IV 39.99 20.47 28.39 2.075 

V 15.84 11.5 18.8 25.39 0.724 

3.3.S Principal Coordinates Analysis (PCO) 

Principal coordinate analysis was performed to get the inter-genotypic distance (D') for all 

possible combinations between pairs of accessions. The results obtained from PCO showed 

that the highest inter-genotypic distances were made with CA-19 (Table 3.5). The highest 

inter-genotypic distance (4.148) was observed between the accessions CA-19 and CA-20, 

which was followed by CA-16 and CA-19 (4.116), CA-17 and CA-19 (3.915), CA-5 and 

CA-19 (3.805), CA-18 and CA-19 (3.732). The lowest distance was 0.420, which was 

observed between CA-05 and CA-17 followed by CA-05 and CA-16 (0.508), CA-16 and 

CA-17 (0.510). The difference between the highest and lowest inter-genotypic distance 

indicated the presence of genetic diversity among 24 capsicum accessions. 

Table 3.5. Five highest and five lowest inter genotypie distances between pair of 
accessions 

Inter genotypic distance 

SI. Accession Highest SI. Accession Lowest 
No. combination distance No. combination distance 

I CA 19 and CA 20 4.148 I CA 05 and CA 17 0.420 

2 CAI6 and CA 19 4.116 2 CA 05 and CA 16 0.508 

3 CA 17 and CA 19 3.915 3 CA 16 and CA 17 0.510 

4 CA 05 abd CA I9 3.805 4 CA I8 and CA 2I 0.521 

5 CA 18 and CA 19 3.732 5 CA 0I and CA 03 0.549 

According to Singh and Chaudhary (1985), the intra-cluster distance was computed using 

the value of inter-genotypic distance from distance matrix. In the current study although the 

cluster Ill and II were composed of highest number of accessions (Table 3.3), their intra 

cluster distance was not the highest indicating that the magnitudes of the intra-cluster 

distances were not always proportional to the number of accessions within the cluster. The 
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highest intra-cluster distance (2.075) was observed for cluster IV (Table 3.4). The lowest 

intra-cluster distance (0.715) was found in cluster I. 

3.3.6. Cluster means 

Cluster I was composed of 4 accessions (Table 3.6) having the highest mean value for the 

characters days to 50 % flowering (78.41), fruit diameter (6.97), fruit weight (153.40 g), 

yield and TSS (%). The cluster had also the lowest mean values for no. of branches, no. of 

fruits/ plant and ascorbic acid content. The dwarf accessions were also included in this 

cluster. 

Cluster II was composed of 6 accessions. The mean value ranked first for the character 

ascorbic acid content (34.70 mg/l00g}. The cluster attained secondary mean value for days 

to 50 % flowering (77.33) and number of seeds per fruit ( 118.00). This cluster had also the 

lowest mean value for mature leaf length {I 0.62). 

Table 3.6. Cluster means for I5 different characters of 24 accessions 

Characters Clusters 

I I II I Ill I IV I V 

Days to 50% flowering 78.41 77.33 73.62 77.JJ 75.25 

Plant height 57.34 67.34 64.21 114.66 77.50 

No. of primary branches 2.58 2.67 2.96 4.00 2.83 

No. of secondary branches 5.58 5.83 6.58 10.67 6.84 

Fruit length 8.31 8.75 8.82 5.26 10.42 

Fruit diameter 6.97 6.08 4.84 3.42 6.71 

Stalk length 2.82 2.88 2.59 3.37 3.12 

No. of fruits /plant 11.91 12.89 19.29 28.50 12.66 

Fruit weight 153.40 97.39 57.88 19.33 141.75 

Seed no./ fruit 93.16 118.00 81.33 83.50 144.92 

Yield (t/ha) 39.86 27.08 22.44 12.53 38.52 

TSS(%) 5.58 5.28 5.25 5.41 5.44 

Ascorbic Acid (mg/l00g) 23.26 34.70 26.94 29.03 25.61 

Mature leaf length (cm) 10.69 10.62 10.88 13.88 16.62 

Mature leaf width (cm) 5 . 1 1  5.37 5.03 5.56 6.77 
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Cluster III was comprised of 8 accessions (Table 3.3). None of 15 characters had exhibited 

the highest mean value in cluster III (Table 3.6). There were secondary cluster mean values 

for the characters no. of primary branches, fruit length (8.82) and no. of fruits/ plant (19.29). 

Five characters showed the lowest mean values for cluster Ill such as seed no. per fruit 

(81.33), TSS (5.25 %), days to 50% flowering (73.62), mature leaf width (5.03 cm) and 

stalk length (2.59 cm). 

Cluster JV was composed of only 2 accessions (Table 3.3). The cluster had the highest mean 

value for the characters plant height (1 14.66 cm), no. of primary branches (4), no. of 

secondary branches (10.67), stalk length (3.37 cm) and no. of fruits per plant (28.50). Four 

characters attained secondary cluster mean values in this cluster such as ascorbic acid 

content (29.03), Days to 50% flowering (77.33), mature leaf length (13.88 cm) and mature 

leaf width (5.56 cm). Fruit length, fruit diameter, fruit weight and yield characters showed 

the lowest mean value for this cluster (Table 3.6) 

Cluster V was composed of four accessions. Out of I5 characters, 4 characters showed the 

highest cluster mean values for this cluster such as fruit length (10.42 cm), seed no. per fruit 

(144.92), mature leaf length (16.62 em) and mature leaf width (6.77 cm). The cluster 

attained secondary mean values for plant height (77.50), no. of secondary branches (6.84), 

fruit diameter (6.71), stalk length (3.12), fruit weight (141.75) and yield/ha (38.52). None of 

the characters had the lowest mean value in this cluster. 

The cluster mean value for days to 50% flowering ranged from 73.62 t0 78.41 which were 

showed by cluster Ill and cluster I, respectively. The dwarf accessions were included in the 

cluster I (57.34 cm) followed by cluster Ill (64.21) and the tall accessions include in the 

cluster JV (114.66 cm). Moderate cluster mean values for plant height were in cluster V 

(77.5 cm) cluster II (67.34 cm) and cluster Ill (64.21 cm) (fable 3.6). Number of primary 

and secondary branches varied from cluster to cluster and it ranged 2.58 (cluster I) to 4 

(cluster IV) and 5.58 (cluster I) to 10.67 (cluster IV) respectively. 

Average fruit length varied from cluster to cluster and it ranged 5.26 cm to 10.42 cm which 

were exhibited in cluster IV and cluster V, respectively. The secondary or moderate cluster 

mean value for this character was observed in cluster 111, II and I. Cluster mean value for the 
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character fruit diameter differed from 3.42 cm (cluster IV) to 6.97 cm (cluster I). Moderate 

mean values were found in cluster V (6.71 cm) and cluster II (6.08 cm). Average stalk 

length ranged from 2.59 (cluster III) to 3.37 cm (cluster IV). Cluster mean value for number 

of fruits/plant varied from 11 .91  (cluster I) to 28.50 (cluster IV). The cluster Ill showed 

moderate mean value ( 19.29) (Table 3.6). Wide variation was exhibited for the character 

fruit weight and it varied from 19.33 (cluster IV) to 153.40 g (cluster I). Moderate fruit 

weight was attained by the cluster V (141.75 g). Cluster mean value for number of seeds per 

fruit varied from 81.33 (cluster ITI) to 144.92 (cluster V). 
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Fig.33.1. Scatter distribution of 24 capsicum accessions based on principal component 
scores superimposed with clustering (1-24= serial no. of capsicum 

accessions). 

Percent total soluble solids (TSS) content of fruit varied from 5.25 (cluster IV) to 5.58% 

(cluster I). The rest of the clusters showed moderate mean values in respect ofTSS. Wide 

variation was observed for ascorbic acid content and ranged from 23.26 to 34.70 mg/lOOg 

in cluster I and cluster II, respectively. 

Marked variation was exhibited for the yield and it ranged from 12.53 to 39.86 t/ha. The 

highest fruit yield was demonstrated by cluster I, whereas the lowest was in cluster IV. 

Moderate yields were attained by the rest of the cluster V, II and III. 
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3.3.7. Contribution of different characters towards divergence 

The contribution of different characters responsible for genetic divergence, are presented in 

Table 3.7. From the results of canonical vector analysis (CVA), it was revealed that in 

vector I, the important characters responsible for genetic divergence in the major axis of 

differentiation were, yield per ha (0.075), yield per plant (1.888), fruit weight (0.165), 

mature leaf length (0.40 I), mature leaf width (0.344), no. of primary branches (4.275) and 

no. of secondary branches (0.172). 

Table 3.7. Contributions of characters towards divergence 

Characters Vector I Vector II 

Days to 50% flowering -0.111 0.284 

Plant height -0.305 0.267 

No. of primary branches 4.275 -3.108 

No. of secondary branches 0.172 1 . 1 1 8  

Fruit length -0.753 -0.290 

Fruit diameter -1.000 1.554 

Stalk length -6.242 3.225 

No. of fruits /plant -0.171 1.052 { g' f 

Fruit weight 0.165 0.292 'lo}  
Seed noJ fruit -0.1 17  0.073 '\ ... 

yield (t/ha) 0.075 -0.205 
e 

TSS(%) 6.325 -3.567 

Ascorbic Acid (mg/100g) -0.264 0.150 

Mature leaf length (cm) 0.401 -0.619 

Mature leaf width (cm) 0.344 0.533 

In vector 11, which was the second axis of differentiation, the fruit weight (0.292), fruit 

diameter (1.554), no. of fruits per plant ( 1.052), days to 50% flowering (0.284), plant height 

(0.267), no. of secondary branches (1 . 1 18), stalk length (3.225), no. of seeds per fruit 

(0.073), mature leaf width (0.533) and ascorbic acid content (0.150) played major roles, 

while the rest of the characters played minor roles in determining genetic divergence. Fruit 
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weight, no. of secondary branches and mature leaf width were positive for both the vectors, 

indicating the important components of genetic divergence among the characters studied. 

Negative values for both the vectors for length of fruit indicated that this made the lowest 

contribution towards total divergence of the capsicum population under study. 

Conclusion 

Determination of genetic variability among genotypes is highly desirable for selection 

towards crop improvement and production. D' statistic has found favour as a tool estimating 

the genetic divergence in plant breeding program. Being a numerical estimate it has the 

added advantages over other criteria permitting precise comparison among all possible pairs 

of population in any group. Such analysis revealed that the 24 accessions included in the 

present study, varied significantly for all the characters under evaluation. The results of the 

present study point out a positive contribution of genetic divergence and yield components, 

this can be of considerable help in selection for yield and other economic traits. Highest 

contribution to diversity is days to 50% flowering followed by plant height, number of 

branches, fruit length and fruit diameter. 

Based on the range of means for each character, it is possible to know the character 

influencing the divergence. It also helps to group the clusters according to their average 

performance for a particular character clusters I and V can be categorized under high fruit 

yield bearing group. Whereas clusters IV were low yielding and rest of the cultivars (in 

cluster ll and 111) were medium yielding. 

Twenty four accessions were grouped into 5 clusters. Maximum inter cluster distance 

(39.99) was observed between IV (CA-14 and CA-19) and I (CA-05, CA-11, CA-16 and 

CA-17) indicating that accessions belonging these clusters are highly divergent. These two 

clusters revealed substantial difference in the means for important yield contributing trait 

like fruit length, fruit diameter and fruit weight suggesting that the accessions belonging to 

these clusters form ideal pairs for initiating hybridization in future breeding programme. 

Endang et al. (1971) stated that the clustering pattern could be utilized in choosing parents 

for cross combination which likely to generate the highest possible variability for effective 

selection of various economic traits. 
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Expt. No. 4. Genetic diversity of Capsicum using Randomly 
Amplified Polymorphic DNA (RAPD) markers 

4.1. INTRODUCTION 

Crop improvement largely depends on the existence of variability and its exploitation by the 

plant breeder. The plant breeder has to identify sources of favourable genes, incorporate 

them into breeding populations/lines and select for a combination of desirable traits that 

might result in the isolation of productive genotypes. To achieve these goals, plant breeder 

needs to know the extent of variability present in a population. Evaluation of large number 

of germplasm lines is the first step towards the goal. This improvement in any crop is based 

on the extent of genetic variation and magnitude of available beneficial genetic variability. 

From the agricultural perspective, the most important species is Capsicum annuum, which 

originated in Mexico and contains both the large fruited bell peppers and small pungent 

types. It has become the dominant pepper globally, in part because it is the first pepper 

discovered by Columbus and introduced to the rest part of the world. The evolutionary 

relationship among and within the cultivated species have been investigated in several 

studies, using morphological, cytological and molecular markers (Con ice Ila et al., 1990; 

Lefebvre et al., 1993; Loaiza-Figueroa et al., 1989; Pickersgill, 1988; Prince et al., 1992, 

1995). Their studies indicated that the level of variation among domesticated peppers, and 

that the variation among the large-fruited peppers is limited compared with that among the 

domesticated pungent peppers. When different types of markers were compared with 

respect to their capability to measure variation {e.g. RFLP vs. isozymes and RFLP vs. 

RAPD), similar patterns of relationship were detected (Prince et al., 1992 , 1995). Most of 

the studies that evaluated the level of variation in C. annuum emphasized that the pungent 

types are mostly wild forms. 

Capsicum sp. has long been differentiated mainly on floral morphology (Hunziker, 1979). 

However, it is not always possible to discriminate among the different genotypes using only 

these traits and infer the interrelationship among accessions. Further-more, some 

morphological traits are influenced by environment. Molecular markers are important tool 

for breeding selection, genotype identification and studying the organization and evolution 
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of plant genomes. Recently, use of DNA based markers is being used increasingly for this 

purpose. Restriction fragment length polymorphism (Lefebre et al., 1993; Prince er al., 

1992, 1995), randomly amplified polymorphic DNA (Las Heras er al., 1996; Prince el al., 

1995; Rodriguez et al., 1999), and amplified fragment length polymorphism (Nam et al., 

1997; Paran et al., 1998) are the DNA based techniques being used currently to study 

genetic diversity of Capsicum. 

The development of Polymerase Chain Reaction (PCR) has provided methods for detecting 

DNA polymorphisms by amplifying specific DNA fragments and separating the fragments 

by gel electrophoresis to visualize polymorphism. Amplification of DNA using arbitrary 10 

basc oligonucleotides as primers has been described as a way to detect Random Amplified 

Polymorphic DNAs (RAPDs) (Williams et al., 1990). Unlike other polymerase chain 

reaction (PCR) based techniques, RAPD does not require target DNA sequence information 

for design of amplification primers. This technique is cost effective, fast and independent of 

environmental variations. RAPD markers are mostly dominant. Presence or absence of one 

RAPD band is diagnostic of variation in the sequence within the primer binding sites in the 

target genome (Williams er al., 1990). 

It has been reported that RAPD based characterizations have shown agreement with 

morphological trait based characterizations (Prince et al., 1995) in Capsicum. The RAPD 

approach produces one to ten fragments from a single primer PCR (Reiter et al., 1992) 

which are highly polymorphic and can be easily detected on ethidium bromide-stained 

agarose gels (Winter and Kahl, 1995). The random amplification process introduces some 

difficulties in reproducing RAPD patters in different laboratories and in different 

thermocyles but it is claimed that these problems arise from impurities in DNA preparations 

and thus may be solved (Micheli et al., 1994). Because of its ability to amplify DNA from 

dispersed polymorphic loci (Williams et al., I 990) and its power to detect small genetic 

differences, the RAPD method was used to characterize the genetic differences among the 

accessions. Keeping this in mind, the present investigation was undertaken with the 

following objective: 

To study genetic diversity of Capsicum at DNA level. 
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4.2. MATERIALS AND METHODS 

The details of different materials and methodologies followed for the study have been 

described 

4.2.1. Experimental site and duration 

This experiment was carried out at the Biotechnology laboratory of the Department of 

Biotechnology, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. The period of 

the experiment was October, 2013 to November, 2014. 

4.2.2. Name and source of study materials 

Twenty-four Sweet pepper genotypes were used in this study. The sources of the collected 

genotypes were presented in Exp. No. I 

4.2.3. Seedling raising 

Seedling raising were same as mentioned in experiment I .  

4.2.4. Collection of leaf sample 

All management practices were done for raising good quality seedlings. In order to carry 

out PCR amplification, fresh and young leaf samples were collected from each genotype 

and used as the source of genomic DNA. 

Initially, each sample was washed carefully in running tap water and preserved in airtight 

polythene packet separately. Finally, the samples were brought to the laboratory, wrapped 

by aluminum foil and stored at -20'C freezer. 

4.2.5. Extraction of genomic DNA 

Total genomic DNA was isolated from Sweet pepper plant leaves following Phenol: 

Chloroform: lsoamyl alcohol purification and ethanol precipitation method with a few 

modification. 
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4.2.5.1. Reagents used in this study 

I .  Extraction buffer, pH=8.0 

Compositions of extraction buffer are as follows: 

I M  Tris-HCI 

0.5 M EDTA (Ethylene diamine tetra-acetic Acid) (pH=8.0) 

5 M NaCl 

D.HO 

I% SDS (Sodium Dodecyl Sulphate) 

2. Phenol: Chlorofonn: lsoamyle Alcohol= 25: 24: 

3. TE (Tris-EDTA) buffer, pH=8.0 

Compositions of extraction TE buffer are as follows: 

I M Tris-HCI 

0.5 M EDTA 

D.HO 

4. Isopropanol 

5. 0.3 M Sodium Acetate 

6. Absolute (100%) ethanol 

7. Ethanol (70%) 

8. RNAase 

9. Ethidium Bromide solution 

4.2.5.2. Reagent preparation for DNA extraction (Stock solution) 

Extraction buffer (1000 ml) 

For the preparation of I 000 ml DNA extraction buffer, I 00 ml I M Tris-HCI (pH=8.0) was 

mixed with 40 ml of 0.5 M EDTA and added to 100 ml 5 M NaCl in a 1000 ml measuring 

cylinder. Finally, Sterilized ddHO was added to make the volume up to 1000 ml, then 

mixed well and autoclaved. 
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IM Tris-HCI (pH=8.0) (250 ml) 

30.28 g Tris was taken in a volumetric flask (5000 ml). 100 ml dd.HO was added and pH 

was adjusted to 8.0 by adding HCI. Then sterilized dd.HO was added to make the volume 

up to 250 ml. The solution was autoclaved. 

0.5 M EDTA (pH=8.0) (250 ml 

46.53 g EDTA.2HO was added in a volumetric flask (5000 ml) and 100 ml dd.HO was 

added. Then 4 g NaOH was added. Then pH was adjusted to 8.0 with NaOH. Then 

sterilized dd.HO was added to make the volume up to 250 ml. Then the solution was 

autoclaved. 

5 M NaCl (250 ml) 

For the preparation of 5 M NaCl, 73.05 g of NaCl was added in 250 ml dd.HO in a 500 ml 

volumetric flask, mixed well and autoclaved. 

I% SDS (100 ml) 

One gram of SDS was added in 100 ml dd.HO in a 250 ml beaker. As SDS is hazardous, 

the mixture was mixed by a hot top magnetic stirrer well but not autoclaved. 

1 x TE Buffer (100 ml) 

One ml Tris (pH=8.0) was taken in a volumetric flask (250 ml). Then 0.2 ml EDTA 

(pH=8.0) was added. Sterilized dd.HO was added to make the volume up to 100 ml. 

5 x  TBE buffer (1 litter) 

At first 54 g Tris-HCI was taken in a volumetric flask (1000 ml) containing about 200 ml 

D.HO. Then 27.5 g of Boric acid and 4.65 g of EDTA was added separately. The volume 

was made I L adding D.HO up to the mark. At last pH was adjusted at 8.3. 

Phenol: Chloroform: Isoamyl Alcohol=25: 24: 1(100 ml) 

At first 50 ml phenol was taken in a volumetric flask (250 ml). Then, 48 ml Chloroform was 

added. Then, 2 ml Isoamyl Alcohol was also added and mixed well. The solution was stored 

at 4c. 
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RNase A/H 

10 mg of RNAse was added to I ml of dd.HO. Then it was dissolved completely with the 

help of necessary heat (at 50'C in water bath for 30 minutes). 

70% Ethanol (1000 ml) 

700 ml absolute ethanol was mixed with 300 ml dd.HO. 

4.2.6. Method of DNA extraction 

The following steps were followed for DNA extraction 

I) For the isolation of genomic DNA, young, vigorous. actively growing fresh leaf 

tissues were collected from Sweet pepper genotypes. 

2) The youngest leaves were selected in order to make the tissue grinding process easy. 

Initially, healthy youngest leaves were washed thoroughly by tap water followed by 

deionized water. Then sterilized by ethanol to remove wastes and any source of 

foreign DNA and leaves are then dried on tissue paper. 

3) Approximately 200 mg of young leaves were cut into small pieces and then taken in 

morter. 300 µL of extraction buffer were added and then leaf tissues were ground 

manually with the help of a pestle. 

4) The sample was then taken into eppendorftube and 300 L of extraction buffer was 

added to it. The ground sample was then vortexed for 20 seconds in a vortex mixture 

and then incubated at 65"C for 20 minutes in hot water bath. 

5) Equal volume (500 uL) of chloroform: Isoamyl alcohol (24: I) was added to the 

tube and then it was vortexted for IO seconds. 

6) The solution was then centrifuged for IO minutes at 13000 rpm. The supernatant was 

recovered using a pipette tip without disturbing the lower portion and transferred 

into a new eppendorf tube. Then, 250 L of lsopropanol (0.6 volume of the liquid) 

was added to it. It was then tapped by finger for 20/30 seconds (The genomic DNA 

was visible as cotton like structure) 

7) After tapping the sample was again centrifuged at 13000 rpm for I5 minutes.  The 

liquid was discarded completely and re-precipitation of the DNA solution was done 

by adding 500 L of absolute (100%) cold ethanol plus 20 µL 0.3 M sodium acetate. 
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8) It was shaken gently. Tapping was done to separate pellet. The sample was 

centrifuged at 13000 rpm for 15 minutes. The liquid was removed completely by 

pouring and blotting the open tube end on fresh tissue paper. 

9) The DNA pellet was then air dried for 2 to 3 hours. It was then dissolved in an 

appropriate volume (30 to 40 L) of TE buffer and treated with 3 L of RNAase for 

removing RNA. Then it was spinned for 4-5 seconds. 

I0) Finally, the DNA samples were stored in freezer at -20C. 

4.2.7. Confirmation of DNA preparation 

Sometimes isolated genomic DNA contains a large amount of RNA and pigments which 

usually cause over estimation of DNA concentration on a spectrophotometer. To confirm 

DNA preparation, I% agarose gels were used for assessing the quality of the genomic DNA 

and the amount of RNA present. 

4.2.8. Preparation of 1 % agarose gel 

One gram of agarose powder was taken in a 500 ml Erlenmeyer flask containing 100 ml 

electrophoresis buffer (I x TBE buffer) prepared by adding 20 ml of 5 TBE buffer in 80 

ml of sterile deionized water. The flask was enclosed with aluminum foil paper to prevent 

excessive evaporation. It was melted for about 5 minutes into a microwave oven with 

occasional swirling until complete disappearance of agarose particles to generate 

homogeneous and crystal clear suspension. The agarose solution was cooled to about 50'C 

(flask was cool enough to hold comfortably with bare hand) and 1 µL (10 mg/ml) ethidium 

bromide (DNA stain) was added and mixed well by gentle shaking to make the DNA visible 

under ultraviolet light box (trans-illuminator). The molten gel was poured immediately on 

to a clean gel bed (15 15 x 2 cm'; in size), that was placed on a level bench and 

appropriate comb was inserted parallel to the plate's edge with the bottom of the teeth about 

2 mm above the plate. Air bubbles were removed by pushing away to the side using a 

disposable tip. After 45 minutes to one hour gel became completely cooled at room 

temperature and solidified and the comb was removed gently. The gel was then ready for 

loading the DNA samples. 
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4.2.9. Preparation of DNA samples for electrophoresis 

The samples were all in the same concentration of buffer. For each sample, 6 L TBE 

buffer was placed on a piece of aluminum foil paper and 2 µL loading dye (0.25% xylene 

cyanol, 0.25% bromophenol blue, 30% glycerol and I mM EDTA) was added to it using 

0.5-10 L adjustable micropipette. Loading buffer was used for monitoring loading and the 

progress of the electrophoresis and to increase the density of the sample so that it stayed in 

the well. Finally, 2 µL extracted DNA was added to it and mixed well using same 

micropipette. The samples were then added slowly to allow them to sink to the bottom of 

the wells. The gel was placed in the gel chamber (Continental Lab product Inc.) containing 

I x  TBE buffer. The final level of buffer was 5 mm above the gel. The power supply (EPS 

301) was then connected and turned on to move the DNA from negative to positive 

electrode (black to red). Electrophoresis was carried out at 90V for about 45 minutes. After 

the bromophenol blue dye had reached three-fourths of the gel length, the electrophoresis 

was stopped and the power supply was disconnected. 

4.2.10. Documentation of the DNA samples 

The gel was taken from the gel chamber and was placed on an ultraviolet light box (UY 

transilluminator) to examine and photographed by a Gel Cam Polaroid camera. Better 

quality band showing DNA samples were taken for quantification and working solution 

preparation. 

4.2.11. Quantification of DNA 

The concentration of DNA is one of the important variables for PCR amplification. Because 

different DNA extraction methods produced DNA of widely different purity it may be 

necessary to optimize the amount of DNA used in the RAND assay to achieve 

reproducibility and strong signal. Below a certain critical concentration of genomic DNA, 

RAPD amplification is no longer reproducible (Williams et al., 1993). So, it is necessary to 

stay above this critical concentration. Moreover, excessive DNA concentration is likely to 

produce poor resolution or "smears" resulting in a lack of clearly defined bands in the gel. 

Therefore, quantification of DNA in each sample was determined spectrophotometrically. 
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Concentration of genomic DNA was examined by calculating the ratio of the optical density 
measured at 260 nm using a spectrophotometer (Spectronic" Genesis "") and stored in 
freezer. In the beginning of the quantification of DNA samples, spectrophotometer UV 
lamp was turned on and after it had wanned up, the wavelength was set at 260 nm. One 
cuvette (the Zero" or blank" cuvette) was filled with 2 ml sterile distilled water and 

placed in spectrophotometer. The test samples were prepared by taking 2 ml of each sample 
in a cuvette containing 2 ml sterile distilled water. The sample was uniformly mixed and 
placed in spectrophotometer and the absorbance reading was taken at 260 nm. Then the 
cuvette was rinsed out with sterile water, for measuring the absorbance of every sample. 

DNA concentration in each sample was then determined according to the following 

formula: 

Concentration of DNA (L) 

=Absorbance x Volume of distilled water/Amount of DNA (L) 

Conversion factor (0.05) 1 00 
Where, 
Absorbance = Spectrophotometer reading 

Volume of distilled water = 2000 L 

Amount of DNA = 2 L 

Conversion factor = 0.05 

4.2.12. Preparation of working solution of DNA samples 

DNA concentrations were adjusted to 25 ng/ uL for conducting PCR using the following 

fonnula: 

V , X S = V , x  S, 

Where, 
V, =Initial volume of DNA solution (L) 

S=Init ial  DNA concentration (ng/ L) 

V =  Final volume of DNA solution (L) 

S,= Final DNA concentration (ng/ L) 

4.2.13. Amplification of RAPD markers by PCR 

4.2.13.1. Principle of the amplification of RAPD 

For performing amplification of RAPD, a single oligonucleotide of arbitrary DNA DNA 

sequence is mixed with genomic DNA in the presence of a thermo-stable DNA polymerase 
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and a suitable buffer and then it is subjected to temperature cycling conditions typical to the 

Polymerase Chain Reaction (PCR). The product of the reaction depends on the sequence 

and length of the oligonucleotide, as well as the reaction conditions. At an appropriate 

annealing temperature the single primer binds to sites on opposite strands of the genomic 

DNA that are within an amplifiable distance of each other and a discrete DNA segment is 

produced. The presence or absence of this specific product, although amplified with an 

arbitrary primer, will be diagnostic for the amplified with an arbitrary primer, will be 

diagnostic for the oligonucleotide binding sites on the genomic DNA. In practice, the DNA 

amplification reaction is repeated on a set of DNA samples with several different primers, 

under conditions that result in several amplified bands from each primer. Often a single 

primer can be used to identify several polymorphismd, each of which matches to a different 

locus. 

4.2.13.2 Primer selection 

Seven decamer RAPD primers viz. OPA-18, OPB-08, OPC-05, OP1-13, OPP-13, OPW.-08 

and OPD-02 (Operon Technologies, Inc., Alameda, California, USA) were screened for 

PCR reaction in 24 genotypes of Sweet pepper. List of RAPD primers are given in Table 

4.1. 

Table 4.1. Name, sequence and GC cont ent of RAPD primers 

SI. No. Primer name Sequence (5' to 3) (G+€)% 

I OPA-18 AGGTGACCGT 60 

2 0PB-08 GTCCACACGG 70 

3 0PC-05 GATGACCGCC 60 

4 0P1-13 CCACACTACC 60 

5 0PP-13 GGAGTGCCTC 70 

6 OPW-08 GACTGCCTCT 60 

7 0PD-02 GGACCCAACC 70 

4.2.13.3. PCR amplification 

PCR reactions were performed following two methods. 
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I) Using individual PCR chemicals (each reagent is measured separately and prepared 

a mixture) and 

2) Using 2 x Taq Mastermix (Gene ON, Germany) 

4.2.13.4. Using individual PCR chemicals 

PCR reactions were performed on each DNA sample in a 25 L reaction mix containing 4 

µL of \Ox Ampli Taq polymerase buffer, 2.5 L of 10 M primer, 2 L  of 250 µM dNTPs, 

1 µL of Ampli Taq DNA polymerase (Bioneer, Korea) and 4 uL (100 ng) of genomic DNA 

and rest amount of sterile deionized water. DNA amplification was performed in an oil-free 

thermal cycler (Esco Technologies Swrn" Mini Thermal Cyclers). The reaction mix was 

preheated for 4 mins at 94"C for pre-denaturation and then 33 cycles consisted of I min 

denaturation at 94C, 50 sec at 36C for annealing and 2 min at 72C for elongation or 

extension. After the last cycle, a final step of 7 min at 72"€ was added to allow complete 

extension of all amplified fragments. PCR reactions were perfonned on each DNA sample 

in a25 L reaction mix containing following reagents (Table 4.2). 

Table 4.2. Reaction mixture composition for PCR 

SI. No. Reagents Amount 

I Taq DNA polymerase buffer (10x) 4 L 

2 Primer (10 M) 2.5 L 

3 dNTPs (250 µM) 2 L 

4 Taq DNA polymerase I µL 

5 Genomic DNA (25 ng/ L) 4 L  

6  Sterile de-ionized water 1 1 .5  L 

7 Total reaction volume 25 L 

From frozen stocks the PCR buffer, dNTPs, primer and DNA samples solutions were taken 

and thawed, mixed by vortexing and kept on ice. DNA templates were pipetted first into 

PCR tubes compatible with the thermo cycler used (0.5 ml). A pre-mixture was then 

prepared in the course of the following order: reaction buffer, dNTPs, DNA template and 

sterile distilled water. Taq polymerase enzyme was then added to the pre-mixture. The pre 

mixture was then mixed up well and aliquoted into the tubes that already containing primer. 
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The tubes were then sealed and placed in a thermo cycle and the cycling was started 

immediately. 

4.2.13.5. PCR reaction with 2 x Taq Master Mix (Geneon, Germany) 

Ready mix Taq DNA polymerase and other composition were used for PCR reaction. The 

ratio of each chemicals were given below: 

Table 4.3. Ready mix PCR mixture for amplification of capsicum accessions 

SI. No. Reagents Amount (L) 

I 2Taq Master Mix 12.5 

2 RAPD primer 2.5 

3 Sterile de-ionize water 7.5 

4 Genomic ONA (25 ng/µL) 2.5 

5 Total reaction volume 25 

From the frozen stocks the Master Mix, primer and DNA samples solutions were taken and 

thawed, mixed by vortexing and kept on ice. DNA templates were pipetted first into PCR 

tubes compatible with the thermo cycler used. The required amount of 2 x Taq Master Mix, 

RAPD primer and sterile de-ionized water were then added into it. The mixture was then 

mixed up well. The tubes were then sealed and placed in a thenno cycle and the cycling was 

started immediately. 

4.2.13.6. Thermal profile 

DNA amplification was performed in an oil-free thermal cycler (Esco Technologies Swift TM 

Mini Thermal Cyclers). The PCR was programmed with some modifications of Khatab and 

EI-Banna (2011) and Afrasiab and Iqbal (2012b) used for potato DNA amplification. 

According to them the reaction mixture was pre-denatured at 95C for 5 min followed by 3 

cycles of 45 sec denaturation at 95"C, 30 sec annealing at 30'C and elongation or extension 

at 72'C for 1 minute. After the last cycle, a final step of 5 minutes at 72C was added to 

allow complete extension of all amplified fragments. After completion of cycling program, 

reactions were held at4€. 
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4.2.13.7. Electrophoresis of the amplified products 

From each sample PCR products were confinned by running 1.5% agarose gel containing I 

L ethidium bromide in I x TSE buffer at 85V for 50 minutes. Loading dye (5.0 L) was 

added to the PCR products and loaded in the wells. Two molecular weight markers I 00 bp 

(B!ONEER, Cat. No. D-1030, South Korea) and I kb (BIONEER, Cat. No. D-1040, South 

Korea) DNA ladder were also loaded on left and right side of the gel respectively. Under 

Ultra Violet (UV) light on a trans-illuminator RAPD bands were observed and documented 

by taking photograph using a Gel Cam Polaroid camera. 

4.2.13.8. Documentation of the DNA samples 

After staining, the gel was taken out carefully from the gel chamber and was placed on high 

performance ultraviolet light box (UV trans-illuminator) of gel documentation for checking 

the DNA was observed as band and photographed by a Gel Cam Polaroid camera. 

4.2.14. RAPD data analysis 

Since RAPD markers are dominant, we assumed that each band represented the phenotype 

at a single allelic locus (Williams et al., 1990). One molecular weight marker, 100 bp 

(BIONEER, Cat. No. D-1030, South Korea) DNA ladder was used to estimate the size of 

the amplification products by comparing the distance traveled by each fragment with known 

sized fragments of molecular weight markers. All distinct bands or fragments (RAPD 

markers) were thereby given identification numbers according to their on gel and scored 

visually on the basis of their presence (I) or absence (0), separately for each individual and 

each primer. The size of the band length were calculated using a computer program ONA 

frag, version 3.03 Nash (1991). 

The scores obtained using all primers in the RAPD analysis were then pooled to create a 

single data matrix. This was used to estimate polymorphic loci. Nie's ( 1972) gene diversity, 

Genetic distance (GD), frequencies of polymorphism and to construct a UPGMA 

(Unweighted Pair Group Method of Arithmetic Means) dendrogram among populations 

using a computer program POPGENE (version 1.31) (Yeh el al., 1999). The same program 

was used to perform test of homogeneity in different locus between population pairs. 
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Estimation of gene frequencies of RAPD loci was based on the assumption of a two-allele 

system. Of the two alleles, only one is capable of amplification of a RAPD band by primer 

annealing at an unknown genomic position (locus). The other is the 'null' allele incapable 

of amplification, mainly because of loss of the primer annealing site by mutation. The two 

allele assumption was in most cases acceptable, because co-dominant loci showing band 

shifts are few (Welsh and McClelland, 1990; Elo el al., 1997). In this system only a null 

homozygote is detectable as negative for the RA PD-band of interest. 

Under the assumption of Hardy-Weinberg equilibrium, the null allele frequency (q) may be 

(N/n)" where N and n are the number of band negative individuals observed and the 

sample size respectively. The frequency of the other allele is I-q, the assumption of the two 

allele system enables us to calculate the Nei's genetic distance (Nei's, 1972) from the 

RAPD pattern. 

Genetic similarity values defined as the fraction of shared bands between the RAPD profiles 

of any two individuals on same gel were calculated manually RAPD markers of the 

molecular weight on the data matrix according to the following formula: 

Similarity index (SI) = 2N,N,+N, 

Where, N is the number of RAPD bands shared by individuals x and y respectively, and 

N, and N, are the number of bands in individuals x and y respectively (Wilde et al., 1992). 

The SI value ranges from 0 to I .  When SI=1.0, the two DNA profiles are identical and when 

SI is 0.0, there are no common bands between the two profiles. Within population similarity 

(Si) was calculated as the average of SI across all possible comparisons between individuals 

within a population. Between population similarity (Sij) was calculated as the average 

similarity between each paired individuals of population I and j (Lynch, 1991). 

Nei's genetic distance and genetic identity values were computed from frequencies of 

polymorphic markers to estimate genetic relationship among the studied twenty-four Sweet 

pepper genotypes using the Unweighted Pair Group Method of Arithmetic Means 

(UPGMA) (Sneath and Sokal, 1973). The dendrogram was constructed using a computer 

program, POPGENE; (Version 1.3 I) (Yeh et al., 1999). 
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4.3. RESULTS AND DISCUSSION 

In RAPD analysis significant genetic variation and polymorphisms of different Capsicum 

accessions were identified. The results from this study were discussed in this chapter. 

4.3.1. DNA confirmation 

The extracted genomic DNA samples of 24 Capsicum accessions were loaded on 1% 

agarose gel for conformation and quantification of DNA solution. It revealed that all the 

samples showed clear DNA bands (Plate 4.1). There was no smear and sharing of DNA 

with RNA. It is recommended that only 25-50 ng/L DNA is required for PCR 

amplification. 

4.3.2. Primer selection 

Seven primers were initially screened on randomly chosen I H  accessions from 24 capsicum 

accessions to evaluate their suitability for amplification of the DNA sequences. Five 

primers (0PB-08, 0PC-05, 0P1-13, 0PP-13 and OPW-08) which gave reproducible and 

distinct polymorphic amplified products were selected. Those five primers gave minimum 

smearing, high resolution and maximum reproducible and distinct polymorphic amplified 

bands were selected (Plate 4.1).Weak bands result from low homology between the primer 

and the pairing site on the DNA strand (Thormann et al, 1994). The present finding agrees 

with those of Hardy et al. (1992) and Williams et al. (1993). 

4.3.3. Banding pattern and DNA polymorphism 

Selected five primers generated maximum number of high intensity band with minimal 

smearing, good technical resolution and sufficient variation among different cultivars. 

The selected five primers were 0PB-08, 0PC-05, 0PJ-13, OPP-13 and OPW-08. Each of 

the primers generated separate RAPD banding patterns. These 5 primers generated a total of 

29 distinct and differential amplified bands, out of which 25 were polymorphic. The 

average was 5.8 bands per primer. Out of total 29 bands, 86.21 % were polymorphic DNA 

bands and 13.79% were monomorphic. The result gave an average 17.242 polymorphic and 
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2.758% were monomorphic. The size of the bands ranged from H to I 135 bp but most of 

the bands were between 50 to 1000 bp. The five different primers produced various banding 

pattern. The primer OPC-05 and OPW-08 produced maximum number of bands (7) 

followed by OPB-08 (6), OPJ-13 (05) and OPP-13 produced the least number of (4) bands 

(Plate 4.2 to 4 . 1 1  ). Percentage of polymorphic loci in the present study ranged from 66.00% 

to 100%. The maximum percentage of polymorphic loci (100%) was detected by primers 

0PC-05 and OPP-13. But 0PB-08 produced the lowest percentage (66.00%) of 

polymorphic loci. Baral and Bosland (2000) identified capsicum accessions using RAPD 

markers and observed monomorphic and polymorphic fragments which are in agreement 

with present findings. They found a total of 146 polymorphic bands in capsicum with 18 

primers, 94 of which were polymorphic. Paran et al, (1998) observed the average number of 

polymorphic products per primer were 1.6 and 6.5 for RAPD and AFLP primers 

respectively. 

The average level of polymorphism (86.21%) indicated the effectiveness of RAPD 

technique to study polymorphisms or diversity among 24 Capsicum accessions. The 

amplification of DNA bands, numbers per primer, bands size and polymorphism percentage 

were given in table 4.4. 

Table 4.4. RAPD primers with corresponding bands scored and their size together with 

polymorphic bands observed in 24 Capsicum accessions 

Primer 
Sequences Total no Number of Proportion of 

(G+C) 
$ codes 

(5'-3') % 
of bands Size ranges (bp) polymorphic polymorphic 

scored bands loci (%) 

0PB-08 GTCCACACGG 70 06 55.41-881.15 04 66.00 

0PC-05 GATGACCGCC 60 07 10.80-821.45 07 100.00 

0PJ-13 CCACACTACC 60 05 200.202-365.274 
04 80.00 

0PP-13 GGAGTGCCTC 70 04 64.13-998.98 04 100.00 

OPW-08 GACTGCCTCT 60 07 134.68-1135.48 06 85.00 

Total 320 29 25 431 

Average 64.00 5.8 5.00 86.21 
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4.3.4. Gene frequency 

DNA polymorphisms were detected according to band presence and absence. Absence of 

bands may be caused by failure of primers to annea1 a site in some individuals due to 

nucleotide sequence differences or by insertions or deletions between primer sites (Clark 

and Lanigan, 1993). 

Five primers used in the present study showed different levels of gene frequency. The gene 

frequency ranged from 0.0833 to 1.0000. The highest gene frequency (1.0000) was shown 

by the primer OPB-08, OPJ-13 and OPW-08. On the other hand the lowest gene frequency 

(0.0833) was observed by OPP-13. Similar result was shown by Khatab and El-Banna 

(2011) where they found the gene frequency ranged from 0.056 to 1.000. 

5 6 7 8 ff 12 13 14 

Plate 4.1. Primer test: PCR amplification products by 7 different decamer random 

primers using DNA from different capsicum accessions 

(Lane 1: CA-01& OPA-18; Lane 2: CA-03 & OPA-18; Lane 3: CA-06 & OPB-08; Lane 4: 

CA-07 & OPB-08; Lane 5: CA-08 & OPC-05; Lane 6: CA-09 & OPC-05; Lane 7: CA-10 & 
OP1-13; Lane 8: CA-11 & OPJ-13; Lane 9: CA-12 & OPP-13; Lane 10: CA-14 & OPP-13; 

Lane I E :  CA-15 & OPW-08; Lane 12: CA-16 & OPW-08; Lane 13: CA-17 & & OPD-02; 

Lane 14: CA-18 & OPD-02) 
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Plate 4.2. RAPD profiles of 13 capsicum accessions using primer 0PB-08 

(Lane 1: CA-0I; Lane 2: CA-02; Lane 3: CA-03; Lane 4: CA-04; Lane 5: CA-05; Lane 6: 

CA-06; Lane 7: CA-07; Lane 8: CA-08; Lane 9: CA-09; Lane 10 : CA-10; Lane I 1 :  CA-11; 

Lane 12: CA-12; Lane 13: CA-13) 
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Plate 4.3. RAPD profiles of 11 capsicum accessions using primer 0PB-08 

(Lane 14: CA-14; Lane 15: CA-15; Lane 16: CA-16; Lane 17: CA-17; Lane 18: CA-18; 

Lane 19: CA-19; Lane 20: CA-20; Lane 21: CA-21; Lane 22: CA-22; Lane 23: CA-23; 

Lane 24: CA-24) 
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Plate 4.4. RAPD profiles of 13 capsicum accessions using primer 0PC-05 

(Lane 1: CA-01; Lane 2: CA-02; Lane 3: CA-03; Lane 4: CA-04; Lane 5: CA-05; Lane 6: 
CA-06; Lane 7: CA-07; Lane 8: CA-08; Lane 9: CA-09; Lane 10: CA-10; Lane 1 1 :  CA-I I; 
Lane 12: CA-12; Lane 13: CA-13) 
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Plate 4.5. RAPD profiles of 11 capsicum accessions using primer OPC-05 

(Lane 14: CA-14; Lane 15: CA-15; Lane 16: CA-16; Lane 17: CA-17; Lane 18: CA-18; 
Lane 19: CA-19; Lane 20: CA-20; Lane 21: CA-21; Lane 22: CA-22; Lane 23: CA-23; 

Lane 24: CA-24) 
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Plate 4.6. RAPD profiles of 13 capsicum accessions using primer 0P-13 

(Lane I :  CA-01; Lane 2: CA-02; Lane 3: CA-03; Lane 4: CA-04; Lane 5: CA-05; Lane 6: 
CA-06; Lane 7: CA-07; Lane 8: CA-08; Lane 9: CA-09; Lane 10: CA-10; Lane 1 1 :  CA-I I; 

Lane 12: CA-12; Lane 13: CA-13) 
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Plate 4.7. RAPD profiles of 11 capsicum accessions using primer 0PJ-13 

(Lane 14: CA-14; Lane 15: CA-15; Lane 16: CA-16; Lane 17: CA-17; Lane 18: CA-18; 
Lane 19: CA-19; Lane 20: CA-20; Lane 21: CA-21; Lane 22: CA-22; Lane 23: CA-23; 

Lane 24: CA-24) 
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Plate 4.8. RAPD profiles of 13 capsicum accessions using primer OPP-13 
(Lane 1 :  CA-0I; Lane 2: CA-02; Lane 3: CA-03; Lane 4: CA-04; Lane 5: CA-05; Lane 6: 
CA-06; Lane 7: CA-07; Lane 8: CA-08; Lane 9: CA-09; Lane 10: CA-10; Lane I E :  CA-11;  

Lane 12: CA-12; Lane 13: CA-13) 
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Plate 4.9. RAPD profiles of 11 capsicum accessions using primer OPP-13 

(Lane 14: CA-14; Lane 15: CA-15; Lane 16: CA-16; Lane 17: CA-17; Lane 18: CA-18; 
Lane 19: CA-19; Lane 20: CA-20; Lane 21:  CA-21; Lane 22: CA-22; Lane 23: CA-23; 

Lane 24: CA-24) 
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Plate 4.10. RAPD profiles of 13 capsicum accessions using primer OPW.-08 

(Lane 1: CA-01; Lane 2: CA-02; Lane 3: CA-03; Lane 4: CA-04; Lane 5: CA-05; Lane 6: 
CA-06; Lane 7: CA-07; Lane 8: CA-08; Lane 9: CA-09; Lane 10: CA-10; Lane I H :  CA-11; 
Lane 12: CA-12; Lane 13: CA-13) 
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Plate 4.11. RAPD profiles of 11 capsicum accessions using primer 0PW.-08 

(Lane 14: CA-14; Lane 15: CA-15; Lane 16: CA-16; Lane 17: CA-17; Lane 18: CA-18; 
Lane 19: CA-19; Lane 20: CA-20; Lane 21 :  CA-21; Lane 22: CA-22; Lane 23: CA-23; 

Lane 24: CA-24) 
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Table 4.5. Frequencies of polymorphic RAPD markers in Capsicum accessions 

RAPD markers Gene frequencies RAPD markers Gene frequencies 
OPB08-01 0.5417 OPI13-03 0.5833 

OPB08-02 0.7083 OPJ13-04 0.4583 

OPB08-03 1.0000 OPJ13-05 0.4167 

OPB08-04 1.0000 OPP13-0I 0.0833 

OPB08-05 0.3750 OPP13-02 0.9583 

OPB08-06 0.9583 OPP13-03 0.4583 

OPC05-01 0.5417 OPP13-04 0.9583 

OPC05-02 0.2083 OPW08-01 0.5417 

OPC05-03 0.9167 OPW08-02 0.4583 

OPC05-04 0.1667 OPW08-03 0.8333 

OPC05-05 0.7083 OPW08-04 0.7500 

OPC05-06 0.9583 OPW08-05 0.1250 

OPC05-07 0.9167 OPW08-06 1.0000 

OPJ13-01 0.7500 OPW08-07 0.7083 

OPI13-02 L.0000 .. 
.. 

4.3.5. Inter-genotype similarity indices (S1J) 

The similarity indices (SU) for different accession pairs with five different primers and their 

average were shown in table 4.6. In the present study, inter-varietal means of the pair wise 

similarity indices (SIJ) ranged from 51.71 to 98.18 %. The highest similarity indices 

98.18% was found between accessions CA-15 and CA-21. So, genetic distance was lower 

between that pair than rest of the varietal pairs. The second highest similarity indices (SJJ) 

was present between CA-16 vs CA-17 (96.36%), followed by CA-16 vs CA-18, CA-17 vs 

CA-I8 and CA-21 vs CA-23 (95.32%) genotype pairs. On the other hand, CA-1I vs CA-20 

pair showed the lowest inter similarity indices (51. 71 %) and genetic distance was higher 

between that pair than rest of the pairs. The second lowest similarity indices (Sij) was 

present between CA-06 vs CA-20 (55.05%) followed by CA-04 vs CA-14 (56.67%) and 

CA-04 vs CA-08 (56.83%) genotype pair. 

All the 276 genotype pairs were not homogenous at different loci and different primers. 

Therefore, this study clearly indicated that, there was a high level of genetic variation 

among different genotypes. Many scientists reported similar type of observations on 

difTerent varieties with RAPD primers. Karihaloo and Gottlieb (1995) reported similarity of 

52 accessions of Solamum and found highest similarity (0.947) between S. insanum and S 

melongena. Isenegger et al. (200 I) studied 64 potato cu hi vars in Australian and found 67 % 

to 90 % similarity among them. The results of above two studies were very close to present 
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study. Das et al. (2010) detected a wide range of similarity values (ranged from 29 % to 93 

%) in 30 Indian potato cultivars with 13 RAPD primers. 

Table 4.6. RAPD band sharing percentage or inter-accession similarity indices among the 24 
capsicum accessions across five primers 

Varietal pair Band sharing percentage 

0PB-08 0PC-05 0PJ-13 0PP-13 OPW-08 Average 

CA-0I vs CA-02 75.00 80.00 100.00 100.00 50.00 81.00 

CA-01 VS CA-03 100.00 83.33 100.00 100.00 80.00 92.66 

CA-0I VS CA-04 75.00 90.91 100.00 00.00 40.00 61.18 

CA-0I vs CA-05 90.91 90.91 100.00 100.00 57.14 87.79 

CA-0I vs CA-06 90.91 100.00 100.00 100.00 80.00 94.18 

CA--01 VS CA-07 80.00 100.00 100.00 100.00 66.67 89.33 

CA-0I VS CA-08 90.91 80.00 100.00 100.00 66.67 87.51 

CA-0I VS CA-09 66.67 80.00 100.00 100.00 66.67 82.66 

CA-0I VS CA-10 80.00 83.33 100.00 100.00 57.14 84.09 

CA-0I vs CA-I 90.91 60.00 100.00 100.00 66.67 83.51 

CA-0I vs CA-12 90.91 72.73 100.00 100.00 57.14 84.15 

CA-0I vs CA-13 100.00 72.73 100.00 100.00 66.67 87.88 

CA-0I vs CA-14 50.00 66.67 66.67 100.00 28.57 62.38 

CA-01 vs CA-15 88.89 80.00 33.33 80.00 57.14 67.87 

CA-0I VS CA-16 100.00 80.00 57.14 80.00 50.00 73.42 

CA-0I VS CA-17 100.00 80.00 57.14 80.00 50.00 73.42 

CA-0I vs CA-18 100.00 66.67 57.14 80.00 50.00 70.76 

CA--0 I VS CA-19 88.89 66.67 40.00 80.00 50.00 65.11 

CA-0I VS CA-20 75.00 66.67 33.33 80.00 33.33 57.66 

CA-0I vs CA-2 88.89 80.00 33.33 80.00 50.00 66.44 

CA-0I VS CA-22 100.00 80.00 33.33 66.67 50.00 66.00 

CA-0I VS CA-23 75.00 80.00 33.33 80.00 57.14 65.09 

CA-0I VS CA-24 88.89 80.00 57.14 80.00 80.00 77.20 

CA-02 vs CA-03 75.00 80.00 100.00 100.00 40.00 79.00 

CA-02 vs CA-04 100.00 88.89 100.00 00.00 80.00 73.77 

CA-02 vs CA-05 66.67 88.89 100.00 100.00 57.14 82.54 

CA--02 vs CA-06 66.67 80.00 100.00 100.00 40.00 77.33 

CA-02 vs CA-07 75.00 80.00 100.00 100.00 33.33 77.66 

CA-02 VS CA-08 66.67 100.00 100.00 100.00 66.67 86.66 

CA-02 vs CA-09 85.71 100.00 100.00 100.00 66.67 90.47 

CA-02 vs CA-10 75.00 80.00 100.00 100.00 57.14 82.42 

CA-02 VS CA-IM 66.67 75.00 100.00 100.00 66.67 81.66 

CA-02 VS CA-12 66.67 88.89 100.00 100.00 57.14 82.54 

CA-02 VS CA-13 75.00 88.89 100.00 100.00 66.67 86.11 

CA-02 VS CA-14 66.67 57.14 66.67 100.00 57.14 69.52 
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Table 4.6. Cont'd 

Varietal pair Band sharing percentage 

0PB-08 OPC-05 0PJ-13 0PP-13 0PW.08 Average 
CA-02 vs CA-15 85.71 75.00 33.33 80.00 57.14 66.23 

CA-02 vs CA-16 75.00 75.00 57.14 80.00 50.00 67.42 

CA-02 VS CA-17 75.00 75.00 57.14 80.00 50.00 67.42 

CA-02 vs CA-18 75.00 57.14 57.14 80.00 50.00 63.85 

CA-02 vs CA-19 85.71 57.14 40.00 80.00 50.00 62.57 

CA-02 vs CA-20 100.00 57.14 33.33 80.00 33.33 60.76 

CA-02 vs CA-21 85.71 75.00 33.33 80.00 50.00 64.80 

CA-02 vs CA-22 75.00 75.00 33.33 66.67 50.00 60.00 

CA-02 vs CA-23 100.00 75.00 33.33 80.00 57.14 69.09 

CA-02 vs CA-24 85.71 75.00 57.14 80.00 40.00 67.57 

CA-03 vs CA-04 75.00 90.91 100.00 00.00 33.33 59.84 

CA-03 vs CA-05 90.91 90.91 100.00 100.00 75.00 91.36 

CA-03 VS CA-06 90.91 83.33 100.00 100.00 66.67 88.18 

CA-03 vs CA-07 80.00 83.33 100.00 100.00 85.71 89.80 

CA-03 vs CA-08 90.91 80.00 100.00 100.00 85.71 91.32 

CA-03 vs CA-09 66.67 80.00 100.00 100.00 85.71 86.47 

CA-03 vs CA-10 80.00 83.33 100.00 100.00 50.00 82.66 

CA-03 vs CA-II 90.91 80.00 100.00 l00.00 57.14 85.61 

CA-03 vs CA-12 90.91 90.91 100.00 100.00 75.00 91.36 

CA-03 vs CA-13 100.00 90.91 100.00 100.00 57.14 89.61 

CA-03 vs CA-14 50.00 66.67 66.67 100.00 50.00 66.66 

CA-03 vs CA-15 88.89 80.00 33.33 80.00 75.00 71.44 

CA-03 vs CA-16 100.00 80.00 57.14 80.00 66.67 76.76 

CA-03 vs CA-17 100.00 80.00 57.14 80.00 66.67 76.76 

CA-03 vs CA-18 100.00 66.67 57.14 80.00 66.67 74.09 

CA-03 vs CA-19 88.89 66.67 40.00 80.00 66.67 68.44 

CA-03 vs CA-20 75.00 66.67 33.33 80.00 57.14 62.42 

CA-03 vs CA-2I 88.89 80.00 33.33 80.00 66.67 69.77 

CA-03 vs CA-22 100.00 80.00 33.33 66.67 66.67 69.33 

CA-03 vs CA-23 75.00 80.00 33.33 80.00 75.00 68.66 

CA-03 vs CA-24 88.89 80.00 57.14 80.00 100.00 81.20 

CA-04 vs CA-05 66.67 100.00 100.00 00.00 50.00 63.33 

CA-04 vs CA-06 66.67 90.91 100.00 00.00 33.33 5 8 . 1 8  

CA-04 vs CA-07 75.00 90.91 100.00 00.00 28.57 58.89 

CA-04 vs CA-08 66.67 88.89 100.00 00.00 28.57 56.83 

CA-04 vs CA-09 85.71 88.89 100.00 00.00 28.57 60.63 

CA-04 vs CA-10 75.00 72.73 100.00 00.00 66.67 62.88 

CA-04 vs CA-H 66.67 66.67 100.00 00.00 57.14 58.09 

CA-04 vs CA-12 66.67 80.00 100.00 00.00 50.00 59.33 

CA-04 VS CA-13 75.00 80.00 100.00 00.00 57.14 62.42 

CA-04 vs CA-14 66.67 75.00 66.67 00.00 75.00 56.67 
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Table 4.6. Cont'd 

Varietal pair Band sharing percentate 

OPB-08 OPC-05 OPJ-13 OPP-13 OPW-08 Average 

CA-04 vs CA-15 85.71 88.89 33.33 40.00 75.00 64.58 

CA-04 vs CA-16 75.00 88.89 57.14 40.00 66.67 65.54 

CA-04 vs CA-17 75.00 88.89 57.14 40.00 66.67 65.54 

CA-04 vs CA-18 75.00 75.00 57.14 40.00 66.67 62.76 

CA-04 vs CA-19 85.71 75.00 40.00 40.00 66.67 61.47 

CA-04 vs CA-20 100.00 75.00 33.33 40.00 57.14 61.09 

CA-04 vs CA-2I 85.71 88.89 33.33 40.00 66.67 62.92 

CA-04 vs CA-22 75.00 88.89 33.33 66.67 66.67 66.11 

CA-04 vs CA-23 100.00 88.89 33.33 40.00 50.00 62.44 

CA-04 vs CA-24 85.71 88.89 57.14 40.00 33.33 61.01 

CA-05 vs CA-06 100.00 90.91 100.00 100.00 75.00 93.18 

CA-05 vs CA-07 90.91 90.91 100.00 100.00 88.89 94.14 

CA-05 vs CA-08 100.00 88.89 100.00 l00.00 88.89 95.55 

CA-05 vs CA-09 80.00 88.89 100.00 100.00 88.89 91.55 

CA-05 vs CA-10 90.91 72.73 100.00 100.00 60.00 84.72 

CA-05 vs CA-I I 100.00 66.67 100.00 100.00 66.67 86.66 

CA-05 vs CA-12 100.00 80.00 100.00 100.00 80.00 92.00 

CA-05 vs CA-13 90.91 80.00 100.00 100.00 66.67 87.51 

CA-05 vs CA-14 66.67 75.00 66.67 100.00 60.00 73.66 

CA-05 vs CA-15 80.00 88.89 33.33 80.00 80.00 72.44 

CA-05 vs CA-16 90.91 88.89 57.14 80.00 72.73 77.93 

CA-05 vs CA-17 90.91 88.89 57.14 80.00 72.73 77.93 

CA-05 vs CA-18 90.91 75.00 57.14 80.00 72.73 75.15 

CA-05 vs CA-19 80.00 75.00 40.00 80.00 72.73 69.54 

CA-05 vs CA-20 66.67 75.00 33.33 80.00 44.44 59.88 

CA-05 vs CA-21 80.00 88.89 3 3. 3 3  80.00 72.73 70.99 

CA-05 vs CA-22 90.91 88.89 33.33 66.67 72.73 70.50 

CA-05 vs CA-23 66.67 88.89 33.33 80.00 80.00 69.77 

CA-05 vs CA-24 80.00 88.89 57.14 80.00 66.67 74.54 

CA-06 vs CA-07 90.91 100.00 100.00 100.00 85.71 95.32 

CA-06 vs CA-08 100.00 80.00 100.00 100.00 57.14 87.42 

CA-06 vs CA-09 80.00 80.00 100.00 100.00 57.14 83.42 

CA-06 vs CA-10 90.91 83.33 100.00 100.00 50.00 84.84 

CA-06 vs C A - I H  100.00 60.00 100.00 100.00 57.14 83.42 

CA-06 vs CA-12 100.00 72.73 100.00 100.00 50.00 84.54 

CA-06 vs CA-13 90.91 72.73 100.00 100.00 57.14 84.15 

CA-06 vs CA-14 66.67 66.67 66.67 100.00 25.00 65.00 

CA-06 vs CA-15 80.00 80.00 33.33 80.00 50.00 64.66 

CA-06 vs CA-16 90.91 80.00 57 . 14 80.00 44.44 70.49 

CA-06 vs CA-17 90.91 80.00 57 .14 80.00 44.44 70.49 

CA-06 vs CA-18 90.91 66.67 57.14 80.00 44.44 67.83 

CA-06 vs CA-19 80.00 66.67 40.00 80.00 44.44 62.22 
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Table 4.6. Cont'd 

Varietal pair Band sharing percentaste 

0PB-08 0PC-05 0PJ-13 0PP-13 0PW.08 Average 

CA-06 vs CA-20 66.67 66.67 33.33 80.00 28.57 55.05 

CA-06 vs CA-2I 80.00 80.00 33.33 80.00 44.44 63.55 

CA-06 vs CA-22 90.91 80.00 33.33 66.67 44.44 63.07 

CA-06 vs CA-23 66.67 80.00 33.33 80.00 50.00 62.00 

CA-06 vs CA-24 80.00 80.00 57.14 80.00 66.67 72.76 

CA-07 vs CA-08 90.91 80.00 100.00 100.00 75.00 89.18 

CA-07 vs CA-09 88.89 80.00 100.00 100.00 75.00 88.77 

CA-07 vs CA-10 80.00 83.33 100.00 100.00 44,44 81.55 

CA-07 Vs CA-I I 90.91 60.00 100.00 100.00 50.00 80.18 

CA-07 vs CA-12 90.91 72.73 100.00 100.00 66.67 86.06 

CA-07 vs CA-13 80.00 72.73 100.00 100.00 50.00 80.54 

CA-07 vs CA-14 75.00 66.67 66.67 100.00 44.44 70.55 

CA-07 Vs CA-15 88.89 80.00 33.33 80.00 66.67 69.77 

CA-07 VS CA-16 80.00 80.00 57.14 80.00 60.00 71.42 

CA-07 vs CA-17 80.00 80.00 57.14 80.00 60.00 71.42 

CA-07 vs CA-18 80.00 66.67 57.14 80.00 60.00 68.76 

CA-07 vs CA-19 88.89 66.67 40.00 80.00 60.00 67.1 1  

CA-07 vs CA-20 75.00 66.67 33.33 80.00 50.00 61.00 

CA-07 vs CA-2I 88.89 80.00 33.33 80.00 60.00 68.44 

CA-07 vs CA-22 80.00 80.00 
...........  

66.67 60.00 64.00 23.12 

CA-07 vs CA-23 75.00 80.00 33.33 80.00 66.67 67.00 

CA-07 vs CA-24 88.89 80.00 57.14 80.00 85.71 78.34 

CA-08 vs CA-09 80.00 100.00 100.00 100.00 100.00 96.00 

CA-08 vs CA-10 90.91 80.00 100.00 100.00 66.67 87.51 

CA-08 vs CA-II 100.00 75.00 100.00 100.00 75.00 90.00 

CA-08 vs CA-12 100.00 88.89 100.00 100.00 88.89 95.55 

CA-08 vs CA-13 90.91 88.89 100.00 100.00 75.00 90.96 

CA-08 vs CA-14 66.67 57.14 66.67 100.00 66.67 71.43 

CA-08 vs CA-15 80.00 75.00 33.33 80.00 88.89 71.44 

CA-08 vs CA-16 90.91 75.00 57.14 80.00 80.00 76.61 

CA-08 vs CA-17 90.91 75.00 57.14 80.00 80.00 76.61 

CA-08 vs CA-18 90.91 57.14 57.14 80.00 80.00 73.03 

CA-08 VS CA-19 80.00 57.14 40.00 80.00 80.00 67.42 

CA-08 vs CA-20 66.67 57.14 33.33 80.00 50.00 57.42 

CA-08 vs CA-21 80.00 75.00 33.33 80.00 80.00 69.66 

CA-08 vs CA-22 90.91 75.00 
., ... ... ...  

66.67 80.00 69.18 23.22 

CA-08 VS CA-23 66.67 75.00 33.33 80.00 88.89 68.77 

CA-08 vs CA-24 80.00 75.00 57.14 80.00 85.71 75.57 

CA-09 vs CA-10 88.89 80.00 100.00 100.00 66.67 87.11 

CA-09 vs C A- 1 H  80.00 75.00 100.00 100.00 75.00 86.00 

CA-09 vs CA-12 80.00 88.89 100.00 100.00 88.89 91.55 

CA-09 vs CA-13 66.67 88.89 100.00 100.00 75.00 86.11 
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Table 4.3.3. Cont'd 

Varietal pair Band sharing percentage 

0PB-08 0PC-05 0PJ-13 0PP-13 0PW-08 Average 

CA-09 vs CA-14 85.71 57.14 66.67 100.00 66.67 75.23 

CA-09 vs CA-15 75.00 75.00 33.33 80.00 88.89 70.44 

CA-09 vs CA-16 66.67 75.00 57.14 80.00 80.00 71.76 

CA-09 vs CA-17 66.67 75.00 57.14 80.00 80.00 71.76 

CA-09 vs CA-18 66.67 57.14 57.14 80.00 80.00 68.19 

CA-09 vs CA-19 75.00 57.14 40.00 80.00 80.00 66.42 

CA-09 vs CA-20 85.71 57.14 33.33 80.00 50.00 61.23 

CA-09 Vs CA-2I 75.00 75.00 33.33 80.00 80.00 68.66 

CA-09 vs CA-22 66.67 75.00 33.33 66.67 80.00 64.33 

CA-09 vs CA-23 85.71 75.00 33.33 80.00 88.89 72.58 

CA-09 vs CA-24 75.00 75.00 57.14 80.00 85.71 74.57 

CA-10 vs CA-1 90.91 80.00 100.00 100.00 88.89 91.96 

CA-10 vs CA-12 90.91 90.91 100.00 100.00 80.00 92.36 

CA-10 vs CA-13 80.00 90.91 100.00 100.00 88.89 91.96 

CA-10 vs CA-14 75.00 44.44 66.67 100.00 80.00 73.22 

CA-10 vs CA-15 66.67 60.00 33.33 80.00 80.00 64.00 

CA-10 vs CA-16 80.00 60.00 57.14 80.00 90.91 73.61 

CA-10 vs CA-17 80.00 60.00 57.14 80.00 90.91 73.61 

CA-10 vs CA-18 80.00 44.44 57.14 80.00 90.91 70.49 

CA-10 vs CA-19 66.67 44.44 40.00 80.00 90.91 64.40 

CA-10 Vs CA-20 75.00 44.44 33.33 80.00 66.67 59.88 

CA-10 vs CA-2I 66.67 60.00 33.33 80.00 90.91 66.18 

CA-10 vs CA-22 80.00 60.00 33.33 66.67 90.91 66.18 

CA-10 vs CA-23 75.00 60.00 33.33 80.00 80.00 65.66 

CA-10 vs CA-24 66.67 60.00 57.14 80.00 50.00 62.76 

CA-II vs CA-12 100.00 88.89 100.00 100.00 88.89 95.55 

C A - I H  vs CA-13 90.91 88.89 100.00 100.00 100.00 95.96 

CA-IM vs CA-14 66.67 28.57 66.67 100.00 66.67 65.71 

CA-IH vs CA-15 80.00 50.00 33.33 80.00 66.67 62.00 

CA-1H vs CA-16 90.91 50.00 57.14 80.00 80.00 71.61 

CA-1H vs CA-17 90.91 50.00 57.14 80.00 80.00 71.61 

CA-IH vs CA-18 90.91 28.57 57.14 80.00 80.00 67.32 

CA-1H vs CA-19 80.00 28.57 40.00 80.00 80.00 61.71 

CA-1H vs CA-20 66.67 28.57 33.33 80.00 50.00 51.71 

CA-1H vs CA-21 80.00 50.00 33.33 80.00 80.00 64.66 

CA-IH vs CA-22 90.91 50.00 33.33 66.67 80.00 64.18 

CA-1H vs CA-23 66.67 50.00 33.33 80.00 88.89 63.77 

CA-1H vs CA-24 80.00 50.00 57.14 80.00 57.14 64.85 

CA-12 vs CA-13 90.91 100.00 100.00 100.00 88.89 95.96 

CA-12 vs CA-14 66.67 50.00 66.67 100.00 80.00 72.66 

CA-12 vs CA-15 80.00 66.67 33.33 80.00 80.00 68.00 

CA-12 vs CA-16 90.91 66.67 57.14 80.00 90.91 77.12 

138 



4f 

Table 4.6. Cont'd 

Varietal pair Band sharing percentate 

0PB-08 0PC-05 0PJ-13 0PP-13 0PW-08 Average 

CA-12 vs CA-17 90.91 66.67 57.14 80.00 90.91 77.12 

CA-12 vs CA-18 90.91 50.00 57.14 80.00 90.91 73.79 

CA-12 vs CA-19 80.00 50.00 40.00 80.00 90.91 68.18 

CA-12 vs CA-20 66.67 50.00 33.33 80.00 66.67 59.33 

CA-12 vs CA-21 80.00 66.67 33.33 80.00 90.91 70.18 

CA-12 vs CA-22 90.91 66.67 33.33 66.67 90.91 69.69 

CA-12 vs CA-23 66.67 66.67 33.33 80.00 100.00 69.33 

CA-12 vs CA-24 80.00 66.67 57.14 80.00 66.67 70.09 

CA-13 vs CA-14 50.00 50.00 66.67 100.00 66.67 66.66 

CA-13 vs CA-15 88.89 66.67 33.33 80.00 66.67 67.11 

CA-13 Vs CA-16 100.00 66.67 57.14 80.00 80.00 76.76 

CA-13 vs CA-17 100.00 66.67 57.14 80.00 80.00 76.76 

CA-13 vs CA-18 100.00 50.00 57.14 80.00 80.00 73.42 

CA-13 vs CA-I9 88.89 50.00 40.00 80.00 80.00 67.77 

CA-13 vs CA-20 75.00 50.00 33.33 80.00 50.00 57.66 

CA-13 vs CA-21 88.89 66.67 33.33 80.00 80.00 69.77 

CA-13 vs CA-22 100.00 66.67 33.33 66.67 80.00 69.33 

CA-13 vs CA-23 75.00 66.67 33.33 80.00 88.89 68.77 

CA-13 vs CA-24 88.89 66.67 57.14 80.00 57.14 69.96 

CA-14 vs CA-15 57.14 85.71 75.00 80.00 80.00 75.57 

CA-14 vs CA-16 50.00 85.71 88.89 80.00 90.91 79.10 

CA-14 vs CA-17 50.00 85.71 88.89 80.00 90.91 79.10 

CA-14 vs CA-18 50.00 100.00 88.89 80.00 90.91 81.96 

CA-14 vs CA-19 57.14 66.67 57.14 80.00 90.91 70.37 

CA-14 vs CA-20 66.67 66.67 75.00 80.00 88.89 75.44 

CA-14 vs CA-2I 57.14 85.71 75.00 80.00 90.91 77.75 

CA-14 vs CA-22 50.00 85.71 75.00 66.67 90.91 73.65 

CA-14 vs CA-23 66.67 85.71 75.00 80.00 80.00 77.47 

CA-14 vs CA-24 57.14 85.71 88.89 80.00 50.00 72.34 

CA-15 vs CA-16 88.89 100.00 85.71 100.00 90.91 93.10 

CA-15 vs CA-17 88.89 100.00 85.71 100.00 90.91 93.10 

CA-15 vs CA-18 88.89 85.71 85.71 100.00 90.91 90.24 

CA-15 vs CA-19 100.00 85.71 80.00 100.00 90.91 91.32 

CA-I5 vs CA-20 85.71 85.71 100.00 100.00 66.67 87.61 

CA-15 vs CA-21 100.00 100.00 100.00 100.00 90.91 98.18 

CA-15 vs CA-22 88.89 100.00 100.00 85.71 90.91 93.10 

CA-15 vs CA-23 85.71 100.00 100.00 100.00 80.00 93.14 

CA-15 vs CA-24 100.00 100.00 85.71 100.00 75.00 92.14 

CA-16 vs CA-17 90.91 90.91 100.00 100.00 100.00 96.36 

CA-16 vs CA-18 100.00 85.71 100.00 90.91 100.00 95.32 

CA-16 vs CA-19 88.89 85.71 66.67 100.00 100.00 88.25 

CA-16 vs CA-20 75.00 85.71 85.71 100.00 80.00 85.28 
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Table 4.6. Cont'd 

Varietal pair Band sharing percentate 
0PB-08 OPC-05 0PJ-13 OPP-13 0PW-08 Average 

CA-16 vs CA-21 88.89 100.00 85.71 100.00 100.00 94.92 

CA-16 vs CA-22 100.00 100.00 85.71 85.71 100.00 94.28 

CA-16 vs CA-23 75.00 100.00 85.71 100.00 90.91 90.32 

CA-16 vs CA-24 88.89 100.00 100.00 100.00 66.67 9 1.1 1  

CA-17 vs CA-18 100.00 85.71 90.91 100.00 100.00 95.32 

CA-I7 vs CA-19 88.89 85.71 66.67 100.00 100.00 88.25 

CA-17 vs CA-20 75.00 85.71 85.71 100.00 80.00 85.28 

CA-17 VS CA-2I 88.89 100.00 85.71 100.00 100.00 94.92 

CA-17 vs CA-22 100.00 100.00 85.71 85.71 100.00 94.28 

CA-17 vs CA-23 75.00 100.00 85.71 100.00 90.91 90.32 

CA-17 vs CA-24 88.89 100.00 100.00 100.00 66.67 9 1. 1 1  

CA-18 VS CA-19 88.89 66.67 66.67 100.00 100.00 84.44 

CA-18 vs CA-20 75.00 66.67 85.71 100.00 80.00 81.47 

CA-18 vs CA-2I 88.89 85.71 85.71 100.00 100.00 92.06 

CA-18 vs CA-22 100.00 85.71 85.71 85.71 100.00 91.42 

CA-18 vs CA-23 75.00 85.71 85.71 100.00 90.91 87.46 

CA-18 VS CA-24 88.89 85.71 100.00 100.00 66.67 88.25 

CA-19 vs CA-20 85.71 100.00 80.00 100.00 80.00 89.14 

CA-19 VS CA-21 100.00 85.71 80.00 100.00 100.00 93.14 

CA-19 vs CA-22 88.89 85.71 80.00 85.71 100.00 88.06 

CA-19 vs CA-23 85.71 85.71 80.00 100.00 90.9 88.46 

CA-19 vs CA-24 100.00 85.71 66.67 100.00 66.67 83.81 

CA-20 vs CA-21 85.71 85.71 100.00 100.00 80.00 90.28 

CA-20 Vs CA-22 75.00 85.71 100.00 85.71 80.00 85.28 

CA-20 vs CA-23 100.00 85.71 100.00 100.00 66.67 90.47 

CA-20 vs CA-24 85.71 85.71 85.71 100.00 57.14 82.85 

CA-21 vs CA-22 88.89 100.00 100.00 85.71 100.00 94.92 

CA-21 vs CA-23 85.71 100.00 100.00 100.00 90.91 95.32 

CA-2 vs CA-24 100.00 100.00 85.71 100.00 66.67 90.47 

CA-22 Vs CA-23 75.00 100.00 100.00 85.71 100.00 92.14 

CA-22 vs CA-24 88.89 100.00 85.71 85.71 66.67 85.39 

CA-23 vs CA-24 85.71 100.00 85.71 100.00 75.00 89.28 

4.3.6. Nei's (1972) genetic identity and genetic distance 

Pair-wise comparisons of Nei's (1972) genetic identity between 24 capsicum accessions 

were calculated from the combined data of the five primers and the value ranges from 0.414 

to 0.966. The highest Nei's genetic identity (0.966) was observed CA-15 vs CA-21 and CA 

l6 vs CA-17 pairs whereas the lowest genetic identity (0.414) was estimated in CA-20 and 
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CA-1H cultivar pair (Table 4.7). The differences between highest and lowest genetic identity 

indicated the presence of variability among 24 accession of capsicum. 

Nei's (1972) genetic distance between 24 capsicum accessions ranged from 0.035 to 0.882. 

The highest Nei's genetic distance (0.882) was observed in CA-I I vs CA-20 varietal pair 

whereas the lowest genetic distance (0.035) was estimated in CA-15 vs CA-21 and CA-16 

vs CA-I7 varietal pair (Table 4.7). 

Several scientists reported similar type of observation. Verma et al. (2012) studied 29 

popular Indian brinjal varieties and found a range of 0.07 to 0. 78 genetic distance with an 

average of 0.33 based on RAPD markers among all the varieties. Islam et al. (2014) 

observed a range of 0.8873 to 0.1525 genetic distance and lowest genetic identity was found 

0.4118 among I5 brinjal germplasm with three random amplified polymorphic DNA 

(RAPD) marker. Onamu et al. (2014) estimated a similarity co-efficient of 0.55 to 0.89 

among I5 potato cultivars, which was very close to the present study. Fu-cui et al. (2004) 

reported a high range (0.033 t0 0.900) of genetic distance in 67 potato cultivars using H 

RAPD primers in China. 

4.3.7. UPGMA Dendrogram 

Dedrogram based on Ne i's (I 972) genetic distance using Unweighted Pair Group Method of 

Arithmetic Means (UPGMA) indicated the segregation of 24 accessions of capsicum into 

two main clusters: A and B. The first major cluster (A) had 13 genotypes i.e. CA-0I, CA 

06, CA-07, CA-03, CA-05, CA-08, CA-02, CA-09, CA-10, CA-11, CA-12, CA-13 and CA 

04. The first major cluster A was divided into two sub-cluster: Al and AII. Sub-cluster All 

contained only one genotype (CA-04) and sub-cluster AI contained 12 genotypes. The sub 

cluster AII was divided into 2 groups AIGI and AIGII. The group AIGI contained 6 

genotypes (CA-01, CA-06, CA-07, CA-03, CA-05 and CA-08) which were further divided 

into sub-groups SI and SIi. The subgroup SI had 3 accessions (CA-01, CA-06 and CA-07) 

and sub-group Sil had 3 accessions i.e. CA-03, CA-05 and CA-08. 

Again, the second major cluster B was divided into two sub cluster: Bl and BIi. Sub-cluster 

Bl had only one accession CA-14 and sub-cluster Bil had JO accessions. Sub-cluster Bil 

was divided into two groups BIIGl and BIIGII (CA-20). 
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Table 4.7. Summary of Genetic identity (above diagonal) and Nei's (1972) genetic distance (below diagonal) values among 24 Capsicum accessions 
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Fig.4.1. UPGMA dendrogram based on Nei's (1972) genetic distance, summarizing 

the data on differentiation between 24 Capsicum varieties/accessions 
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The group BII GI was divided into two sub-groups containing SI and SH (CA-24). The sub 

group SI was divided into 2 classes: Class I(CA-15, CA-21, CA-19 and CA-23) and class IL 

(CA-16, CA-17, CA-18 and CA-22). The above results were shown in fig. 1. The results 

indicated that different level of genetic identity and distance was present among the studied 

24 capsicum accessions. Several scientists reported similar results to the present study. 

Yasmin et al. (2006) constructed UPGMA dendrogram based on the Nei's (1972) genetic 

distances segregated 6 cultivars into two clusters and the clusters into sub-clusters and sub 

clusters further into groups. 

Conclusion 

In the present study, selected five primers (0PB-08, 0PC-05, 0PI-13 and OPW-08) 

produced 29 bands with 24 capsicum accessions, out of which 25 bands were polymorphic 

and the rest were monomorphie. The size of the bands ranged from I I  to 1 135 bp but most 

of the bands were between 50 to I 000 bp. The maximum percentage of polymorphic loci 

(100%) was detected by primers OPC-05 and OPP-13. But 0PB-08 produced the lowest 

percentage (66%) of polymorphic bands. The average (86.2 I%) level of polymorphism 

indicated the effectiveness of RAPD technique to study diversity among 24 capsicum 

accessions. 

The similarity indices ranged from 5 1 .7 1  % to 98.18%. The highest similarity indices of 

98 . 1 8 %  were found between accessions C A - 1 5  and CA-21, so, genetic distance was lower 

between that pair. On the other hand, C A - 1 H  vs CA-20 pair showed the lowest inter 

similarity indices ( 5 1 , 7 1 % )  and genetic distance was higher between that pair than rest of 

the pairs. Pair wise comparisons of Nei's (1972) genetic identity between 24 capsicum 

accessions were calculated and the value ranges from 0.414 t0 0.966. The lowest genetic 

identity (0.414) was estimated in CA-20 and CA-1H varietal pair. Nei's genetic distance 

between capsicum accession ranges from 0.035 t0 0.882. The highest Nei's genetic distance 

(0.882) was observed in CA-1l  vs CA-20 varietal pair. 

Dendrogram based on Nei's (1972) genetic distance using Unweighted Pair Group Method 

of Arithmetic Means (UPGMA) indicated that, different level of genetic identity and 

distance were present among the studied 24 capsicum accessions. 
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CHAPTER IV 

SUMMARY AND CONCLUSION 

Summary 

Four experiments were conducted during the period of the study. Field experiments were 

conducted at the research field of Horticulture Fann, Department of Horticulture; 

biochemical analyses were done at the laboratory of the Department of Biochemistry and 

RAPD analyses were done at Biotechnology laboratory, Department of Biotechnology, 

Sher-e- Bangla Agricultural University, Dhaka, Bangladesh during 2012-2015. The present 

study was designed to characterize capsicum accessions and to study genetic diversity 

through morphological traits; RAPD analyses; Correlation studies of the yield components 

and path co-efficient analysis. 

Expt. 1. Evaluation and characterization of Capsicum germ plasm 

Characterization of 24 Capsicum accessions was done using morphological characters. 

There was wide variation among accessions in respect of qualitative and quantitative 

characters. The qualitative characteristics like plant growth habit, leaf colour, leaf shape, 

flower position, fruit colour and fruit shape showed variations among the accessions. 

Growth habit was found prostrate to erect, colour of leaf was distinguished as light green, 

green and dark green. Different shape of leaf was recorded such as ovate, deltoid and 

lanceolate. Erect, intermediate and pendent positioned flowers were observed in 24 

Capsicum accessions. Colour of fruit and shape of fruit also differed among the accessions. 

Fruit colour at intermediate stage was found five types, viz. light green, green, dark green, 

light yellow and yellowish green. Colour of fruit at mature stage found different, viz. light 

red, red, dark red, ye low and dark yellow. Shape of fruit was classified as blocky, elongate, 

triangular, campanulate and almost round. Differences of fruit shape at pedicel attachment 

was observed and classified as cordate, lobate, obtuse and truncate. Different shape of fruit 

al blossom end was also recorded such as sunken, pointed, sunken & pointed and blunt. 

Wide variation was also observed in respect of different quantitative characters. Plant height 

varied significantly and ranged from 48.67 to 127.30 cm in first year and 53.67 to 130.30 
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cm in second year. In both the years the tallest plant was observed in accession CA-19, 

while the shortest plant was recorded in CA-17. The maximum number of primary branches 

(5.00) per plant was observed in the accession CA-19 and the maximum number of 

secondary branches (12.60) was also observed in the accession CA-19. Length of leaf varied 

from 6.50 t0 18.87 cm, width of leaf varied from 3.26 to 7.50 cm. The minimum days were 

required by the accessions CA-04, CA-07 and CA-20 and the maximum days were required 

by the accessions CA-I I and CA-19 for first flowering. Stalk length varied significantly 

ranged from 2.10 to 3.70 cm. 

Fruit characters like fruit length, fruit diameter, average weight of fruit, number of seeds/ 

fruits, number of fruits per plant, TSS, Ascorbic acid content and yield per plant were 

recorded and wide significant variations were observed. Length of fruit varied from 2.33 to 

15.47 cm in first year and 2.30 to 15.93 cm in second year, diameter of fruit from 3.36 to 

7.30 cm (first year) and from 3.46 to 7.60 cm ( second year), average weight from 14.33 to 

17 1  .30 g (first year) and 15.67 to 175. 70 g (second year). Number of seed varied from 42.00 

to 170.30 (first year) and 59.33 to 184.00 (second year). TSS (%) from 4.300 to 5.703, 

Ascorbic acid content from 15.76 t0 47.49 mg/I00g. Number of fruits per plant ranged from 

9.33 to 37.67 in first year and 8.33 to 36.67 in second year and yield per plant from 0.28 t0 

2.25 kg in first year and 0.28 to 2.37 kg in second year. Among the 24 Capsicum accessions 

variation of yield (t/ha) was found significant. In first year, it ranged from 6.25 to 49.98 ton 

and in second year from 6.24 to 52. 10 ton. In both the years, the highest yield was achieved 

by the accession CA-I16 and the lowest yield was obtained by CA-19. 

Expt. 2. Character association and path analysis in Capsicum 

The correlation study between yield and yield components revealed that fruit length, fruit 

diameter, plant height and seeds per plant were positively and significantly correlated with 

yield both genotypic and phenotypic levels. Diameter of fruit had highly positive significant 

correlations with fruit weight and seeds per plant at both the level. Correlation coefficient of 

number of fruits per plant was highly positive and significant with number of primary and 

secondary branches both genotypically and phenotypically. It was significantly and 

negatively correlated with average weight of fruit and seeds per plant. 
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From path coefficient analysis, it was observed that number of fruits/plant had the 

maximum direct effect (2.670) followed by diameter of fruits (2.208), Plant height (2.122) 

and average fruit weight (1.974).The contribution of yield components like fruit diameter, 

fruits/plant and fruit weight were higher in the present study. Positive direct effect was also 

exhibited for the characters stalk length, leaf length, seeds per plant, TSS and mature leaf 

width. Days to 50% flowering, number of branches, fruit length and ascorbic acid content 

showed negative direct effects toward yield. The contribution of negative and positive 

indirect effect via different parameters were responsible for the exhibiting the negative total 

genotypic correlation with yield. The estimated residual effect was 0.377 indicating that 

about 63% of the variability in capsicum yield was contributed by the characters studied in 

path analysis. 

Expt. 3. Genetic diversity of Capsicum using morphological characters. 

Genetic diversity of 24 Capsicum accession using multivariate techniques was studied. 

Twenty four accessions were grouped into 5 clusters. The cluster III consisted of the highest 

number of accessions (8) followed by cluster II (6). The cluster rv contained only two 

accessions. 

The results of principal component analysis revealed that the first four characters accounted 

for 79.49% of total variation. According to cannonical vector analysis, average weights of 

fruit, no. of secondary branches and mature leaf width contributed positively towards 

divergence for both the vectors indicating important characters of genetic divergence of 

Capsicum accessions. 

The highest inter-genotypic distance (4.148) was found between the accessions CA-19 and 

CA-20 followed by that between CA-16 and CA-19 (4.116), CA-17 and CA-19 (3.915). 

The lowest inter-genotypic distance (0.420) was observed between accession CA-05 and 

CA-I 7. The difference between the highest and lowest inter-genotypic distance indicated 

the presence of genetic diversity among 24 Capsicum accessions. 

From principal coordinate analysis, the highest inter-cluster distance (39.99) was found 

between cluster I and cluster IV followed by distance between cluster Ill and IV (28.39) and 

cluster IV and V(25.39). The lowest inter-cluster distance was between cluster Li and V 
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(I 1.50), followed by cluster II and III (1.88).  The highest value of inter-cluster distance 

indicates that the accessions belonging to the cluster I are distant from these of cluster TV. 

Intra-cluster distance was computed the highest (2.075) in cluster and the lowest intra 

cluster distance (0.715) was found in cluster I. The inter-cluster was found greater than 

intra-cluster distance. Higher inter and intra-cluster distance indicates high genetic diversity 

among lemon accessions between and within the clusters, respectively. 

Based on the range of means for each character, it is possible to know the character 

influencing the divergence. It also helps to group the clusters according to their average 

performance for a particular character clusters I and V can be categorized under high fruit 

yield bearing group, whereas cluster IV was low yielding. 

Expt. 4. Genetic diversity of Capsicum using Randomly Amplified Polymorphic DNA 
(RAPD) markers 

RAPD analysis was used to molecular characterization and to reveal DNA level variation of 

the 24 capsicum accessions. In this study, the genetic variation of 24 capsicum accessions 

were analyzed and amplified with RAPD markers by Polymerase Chain Reaction (PCR) 

using five primers (0PB-08, 0PC-05, 0P1-13, OPP-13 and OPW-08). These primers 

generated a total of 29 distinct and differential amplified bands, out of which 25 were 

polymorphic with an average of 5 polymorphic bands per primer. Inter-varietal means of the 

pair wise similarity indices (Sij) ranged from 51 .7 1  t0 98.18%. The highest similarity 

indices 98.182 % was found between accessions CA-15 and CA-21. Genetic distance was 

lower between that pair than rest of the varietal pairs CA-1l and CA-20 showed least inter 

variety similarity indices (51.71%) and genetic distance was higher between that pair than 

rest of the pairs. The highest Nei's genetic distance (0.882) was observed in CA-I I vs CA- 

20 varietal pair whereas the lowest genetic distance (0.035) was estimated in CA-15 vs CA 

21 and CA-16 vs. CA-17 varietal pair. 

Dendrogram based on Nei's (1972) genetic distance indicated the segregation of 24 

accessions into two main clusters. The first major cluster A was divided into two sub 

cluster. Sub cluster All contained only one accession (CA-04) and sub-cluster AI contained 

12 accessions. Again, the second major cluster B was divided into two sub cluster, Bl had 

only one accession CA-14 and sub-cluster 811 had IO accessions. 
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Conclusion 

On the basis of findings of the investigation, the following conclusion could be drawn. 

I .  A wide range of variability was observed among the capsicum accessions in respect 

of qualitative and quantitative characters. Improved varieties of capsicum may now 

be developed using the variability exhibited by the collected accessions. 

2. From the field performance study it was evident that, CA-16 is the highest yielder 

among all followed by CA-20, CA-18 and CA-05 while the accession CA-19 

produced very shy yields. 

3. Considerable genetic diversity among Capsicum accessions was revealed by 

morphological and RAPD analyses. 

4. Correlation coefficients between yield and yield components revealed that fruit 

diameter, fruit length, plant height and seeds per plant were significantly and 

positively correlated with yield of capsicum. 

5. Path analyses suggested that during selection, the characters number of fruits per 

plant, diameter of fruits and fruit weight would give a better response for higher 

yield of capsicum. 

6. Twenty four Capsicum accessions were grouped into 5 clusters. Clusters I and V can 

be categorized under high fruit yield bearing group, whereas cluster IV was low 

yielding and rest of the cultivars (in cluster II and III) were medium yielding. 

Maximum inter cluster distance (39.99) was observed between IV (CA-14 and CA- 

19) and I (CA-05, CA-11,  CA-16 and CA-17) indicating that accessions belonging 

these clusters are highly divergent. 

7. Accessions CA-16, CA-18, CA-20 and CA-05 were selected as promising 

genotypes. 
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Appendices 

Appendix I. Characteristics of the soil of experimental field analyzed by Soil 

Resources Development Institute (SRDI), Khamarbari, Farmgate, Dhaka 

A. Morphological characteristics of the soil of experimental field 

Morphological features Characteristics 

Location Horticultural Farm, SAU, Dhaka 

AEZ Madhupur Tract {28) 
General Soil Tvoe Shallow red brown terrace soil 
Land tvpe High land 

Soil series Teieaon 
Topography Fairly leveled 

Flood level Above flood level 
Drainage Well drained 

B. Physical and chemical properties of the initial soil 

Characteristics Value 

% Sand 27 

% Silt 43 

% Clay 30 
Textural class Siltv-clav 
DH 5.6 
Organic carbon (% 0.45 
Organic matter (% 0.78 
Total N (%) 0.03 
Available P (ppm) 20.00 
Exchangeable K (me/100 g soil) 0.10 
Available S (ppm) 45 

Source; Soil Resources Development Institute (SRDI), Khamarbari, Farmgate, Dhaka. 

Appendix II. Monthly record of air temperature, relative humidity, rainfall and 

Sunshine hour of the experimental site during the period from October 

2012 t0 March 2013 

Month Air temperature (c) Relative Rainfall Sunshine 
Maximum Minimum humidity (%) (mm) (hr) 

October, 2012 24.32 17.22 75 13 7.2 

November, 2012 25.82 16.04 78 00 6.8 

December, 2012 22.40 13.50 74 00 6.3 
January, 2013 24.50 12.40 68 00 5.7 

February, 2013 27.10 16.70 67 30 6.7 

March. 2013 31.40 19.60 54 1 1  8.2 
Monthly average 

Source: Bangladesh Meteorological Department (Climate & weather division) Agargoan, Dhaka - 1212 
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Appendix IHI. Monthly record of air temperature, relative humidity, rainfall and 

Sunshine hour of the experimental site during the period from October 

2013 to March 2014 

Month Air temperature (e) Relative Rainfall Sunshine 
Maximum Minimum humidity (%) (mm) (hr) 

October, 2013 26.5 19.4 81 22 6.9 
November, 2013 25.8 16.0 78 00 6.8 
December, 2013 22.5 13.4 74 00 6.4 
January, 2014 24.5 12.4 68 00 5.9 
February, 2014 27 16.6 67 30 6.9 
March, 2014 31.6 19.6 55 11.3 8.1 
April, 2014 34.4 23.1 64 11.9 8.2 

Monthly average 

Source: Bangladesh Meteorological Department (Climate & weather division) Agargoan, Dhaka - 1212 

Appendix IV, Analysis of variance (mean square) of the data for days to 50% 

flowering, plant height, number of primary branches/plant, number of 

secondary branches/plant, fruit length, fruit diameter and stalk length 

of capsicum accessions in first year 

+ = Significant at I% level of probability 

Sources of df Days to Plant Number Number Fruit Fruit Stalk 
variation 50% height of of length diameter length 

flowering (cm) primary secondar (cm) (cm) (cm) 
branches Y 

/plant branches 
/'plant 

Replication 2 0.26 1.72 0.097 0.264 0.151 0.017 0.013 
Variety (A) 

?' 129.14 812.40 0.802 7.874 
20.433 

4.173 0.431 ) 

• 

Error 46 15.40 17. 15 0.126 0.510 0.193 0.093 0.024 
. .  

+  

A 

I  

Appendix V, Analysis of variance (mean square) of the data for days to 50% 

flowering, plant height, number of primary branches/plant, number of 

secondary branches/plant, fruit length, fruit diameter and stalk length 

of capsicum accessions in second year 

e Significant at I% level of probability 

Sources of df Days to Plant Number Number Fruit Fruit Stalk 
variation 50% height of of length diameter length 

flowering (cm) primary secondary (cm) (em) (cm) 

branches/ branches/ 
plant plant 

Replication 2 3.18 16.62 0.193 1.418 0.65 0.180 0.056 

Variety (A) 23 104.19 895.34 1.957° 13.356°° 23.00 5.239 0.758°° 

Error 46 7.32 9.59 0,109 0.672 0.36 0.073 0.037 
. . . .  I  
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Appendix VIII. Analysis of variance (mean square) of the data for TSS, ascorbic acid content, 
mature leaf length and width of capsicum accessions in first year 

= Significant at 1% level of probability 

Appendix VII. Analysis of variance (mean square) of the data for number of fruits/plant, fruit 
weight, number of seeds/fruit and yield of capsicum accessions in second year 

Appendix VI. Analysis of variance (mean square) of the data for number of fruits/plant, fruit 

weight, number of seeds/fruit and yield of capsicum accessions in first year 

Appendix IX. Analysis of variance (mean square) of the data for TSS, ascorbic acid content, 

mature leaf length and width of capsicum accessions in second year 

+ = Significant at I% level of probability 

= Significant at 5% level of probability 

++ = Significant at I% level of probability 

++ = Significant at 1% level of probability 

= Significant at 5% level of probability 

Sources of df TS (%) Ascorbic Acid Mature leaf length Mature leaf width 
variation (mg/100g) (cm) (cm) 
Replication 2 0.168 1.13 0.34 0.010 
Variety (A) 23 0.338° 150.95 31.82°° 2.820° 

Error 46 0.172 1.15 0.33 0.072 
.. 

Sources of df Number of fruit number of Yield/'plant Yield/plot Yield 
variation fruits weight (g) seeds/ fruit (kg) (kg) (t/ha) 

plant 
Replication 2 0.26 18.67 89.55 0.004 0.21 0.66 

Variety (A) 23 135.41 6882.51 3623.09°+ 0.713 71.39 349.66 

Error 46 0.71 9.69 178.01 0.006 0.39 1.59 
.. 

Sources of df Number of fruit number of Yield/plant Yield/'plot Yield 

variation fruits/ weight (g) seeds/ fruit (kg) (kg) (tlha) 
plant 

Replication 2 0.50 20.09 15.16 0.001 0.011 0 . 1 1  
Varietv (A) 23 142.63 6282.62 2759.92 0.703 70.45 347.96 

Error 46 0.52 13.46 35.50 0.008 0.27 1.20 
.. 

Sources of df TSS (%) Ascorbic Acid Mature leaf length Mature leaf width 
variation (mg/100g) (cm) (cm) 
Replication 2 0.206 9.41 0.02 0.098 
Variety (A) 1 0.299 151,96 28.21 2.687 

" Error 46 0.165 8.84 0.19 0.054 
.. 
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