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ABSTRACT
Determination of genetic variability among genotypes is highly desirable for selection
towards crop improvement and production. The main objective of this study was to
evaluate variability in agro-morphological and fruit quality traits in seventeen (17) hot
pepper genotypes under greenhouse and field conditions. The experiment was laid out in
Randomized Complete Block Design with three replications under greenhouse and field
environments. The estimation of genetic variance under individual environments, showed
high broad sense heritability in most traits studied. Under both greenhouse and field
conditions, broad sense heritability for agro-morphological traits ranged between 0 %
(stem girth) and 96.94 (number of seeds per fruit) while antioxidant properties ranged
between 5.91 % (Lycopene content) and 100 % (ICso value). Except for antioxidant
properties under field conditions, genetic advance by percentage mean was high under both
environments and it ranged between 0 % ( stem girth) and 130.82 % (yield in tons per
hectare) for agro-morphological traits while antioxidant properties ranged between 5.76 %
(Vanillic acid content) and 73.82 % (B carotene). In general, phenotypic coefficient of
variation (13.89 % - 97.08 %) was higher than the genotypic coefficient of variation (0 %
- 82.87 %) in all the traits studied under both environments. The combined analysis showed
highly significant difference (P<0.001) among most traits studied for genotype,
environment and genotype x environment interaction. Days to 50 % fruiting and flowering
was significant and had positive associated with most of the traits studied. Among the traits,
performance varied among genotypes and across environments showing adequate genetic

variability which could be based on for selection.
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CHAPTER ONE
INTRODUCTION

1.1 Background

Pepper belongs to the genus Capsicum and is a member of the Solanaceae family that includes
tomato, potato, tobacco and egg plant. The genus originated from Central and South America
(Dagnoko et al., 2013). Pepper is the most important spice and vegetable crop in the world
(Berhanu et al., 2011). It is considered to be the first spice to be used by man. There is
archaeological evidence of pepper and other fossil foods from as early as 6000 years ago (Hill
etal., 2013). The genus Capsicum has twenty-five wild and five domesticated species (Bosland
and Votava, 2000; (Nkansah et al., 2011). The domesticated species are Capsicum annuum,
Capsicum frutescens, Capsicum chinense, Capsicum pubescens and Capsicum baccatum.
Among these, Capsicum annuum is the best known domesticated species in the world (Hot,
2010). The non-pungent form (bell pepper) is used by many people as green vegetable and chili
peppers used as spice or condiment (Singh et al., 2006).

Hot pepper is one of the most famous and used spices in the world. Thus, it is now an integral
part of most cultures of the world. Christopher Columbus is credited for the introduction of hot
pepper to Europe in 1492 from America (Hot, 2010). Capsicum chinense is the hottest among
the Capsicum species and Habanero and Scotch Bonnet are the hottest varieties of Capsicum
chinense (Singh et al., 2006). Ted et al. (2012) reported that pungency is the most notable
characteristic of hot peppers. The reason most people eat chili pepper is the heat or pungency
associated with the fruit (Paul and Stephanie, 2010). Thus, it is also one of the general
parameters considered for export (CEDA 2009). The pungency of hot pepper is due to one of

its capsaicinoids (alkaloids) components of which the main one is capsaicin.

Capsicum (sweet and hot) has many benefits. Its potential uses and benefits cover many areas

such as food and nutrition, medicine, cosmetics, plant based insecticides (PBI), crime



control/aerosols, and income generation ( Dagnoko et al., 2013). Nutritionally, hot pepper like
any other Capsicum species is rich in vitamin A and C, calcium, phosphorus, and potassium. It
has been reported that peppers are highly appreciated for their spicy flavor and nutritional value
(Miguel et al., 2010). Medically, extract from hot pepper is known to be used for pain relief
products (Berke and Shieh, 2001). Hot pepper can also be used for cosmetic production
(Rehima, 2006). Ceballos-Muller and Toon, 2010.

Pepper is a common agricultural product produced and consumed in Ghana (Cellabos —Muller
and Toon, 2010). It is one of the major vegetable crops exported in Ghana. It is a good income
source for small producers and is significantly one of the foreign exchange earning vegetable
crops (Bonsu et al., 2003). MiDA (2010) also reported that Chili peppers production in Ghana
has been mainly for local consumption. However, export to the European market has been
increasing. Ghana is the fifth largest exporter of chili peppers to the European Union and the
demand of pepper has been increasing yearly by 17 percent on average since 2000 (MiDA,
2010). Despite this encouraging improvement that hot pepper has added to the export value of
vegetables , statistics indicate that vegetable exports from Ghana decreased from 4, 156.2 tons
in 2006 to 2, 165.1 tons in 2009 with a corresponding decrease in cash value from $2, 305, 825
(GH¢2, 123, 409) to 1, 308, 218 (GH¢1, 861, 974). There was therefore a 46% decrease in
export quantities but with 36% increase in cash value in 2010. The decrease in vegetable
production and export (including hot pepper) can mainly be attributed to lack of good planting
materials or varieties that meet export standards (Nkansah et al., 2011).

Because the vegetable seed industry in Ghana is not potent, local seed companies import exotic
seeds to satisfy local producers. Thus, farmers grow both the local and exotic varieties. There
is also limited and current agronomic data on the performance of both local and exotic
genotypes. Producers therefore are likely to continue planting varieties with low economic

potential (Kwatei et al., 2014). Again, it has been reported that pepper producers in Ghana are



realizing about half the percentage of the attainable yields which indicates low production
(MiDA, 2010). This may be assigned to low soil fertility, pests and diseases pressure,
unavailability and high cost of irrigation systems, inadequate knowledge of improved
technologies and the use of unimproved varieties (MiDA, 2010). It is essential then to assess
the potential of the genetic stock of hot pepper varieties in order to have a clear picture of their
genetic constitution and heritable proportion of important traits to facilitate selection for
production and improvement programs.

Nyadanu et al. (2014), have reported that it is no longer an option but a necessity to breed

improved varieties which satisfies the preferences of farmers and consumers in Africa.

1.2 Objectives
The main objective of the study was to evaluate variability in agro-morphological and fruit
quality traits in hot pepper genotypes to aid selection of genotypes for commercial production

as well as pepper improvement programs.

1.3 Specific Objectives

The specific objectives of the study were to:

> evaluate some agro-morphological and fruit quality characters of hot pepper

genotypes

» determine genetic variation among hot pepper genotypes using phenotypic characters

» estimate heritability and interrelationship of the traits studied

> identify and select superior genotypes based on agro-morphological characters and

some fruit quality traits.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Classification and Taxonomy of Capsicum Species

Pepper (sweet and hot) belongs to the genus Capsicum. The genus is a member of the
Solanaceae family which include important crops such as eggplant, tomato, potato, tobacco,
and petunia (Bosland, 1996). It is in the sub-family Solanoideae and tribe Capsiceae (Knapp
et al., 2004). Capsicum species are diploids and most have 24 chromosomes (n = x = 12) with
several wild species having 26 chromosomes (n = x = 13) (Tong and Bosland, 2003). Peppers
are perennial woody plants but grown as herbaceous annuals in temperate areas (Jeffrey, 2005).
Capsicum originated from Central and South America (Grubben and Mohammed, 2004).
Christopher Columbus is credited for the discovery of Capsicum in 1492. It is believed that
pepper has the earliest culinary history from far back 7000 BC (Debra, 2003). The genus
Capsicum has five domesticated species namely: Capsicum annuum, C. baccatum, C. chinense,
C. frutescens, and C. pubescens (Berke and Shieh, 2001). It is estimated to have twenty five
species. This is expected to expand with new species to be discovered (Eshbaugh, 1993).
Capsicum annuum is the most cultivated among the five species (Csillery, 2006). The five
domesticated species are further grouped into two taxonomic complexes; Capsicum annuum,
C. frutescens and C. chinense in one group (Pickersgill, 1988) while C. baccatum and C.

pubescens are also in another complex (Walsh and Hoot, 2001).

2.2 Morphology of Capsicum Species

Domesticated Capsicum species are differentiated by using morphological traits based on
colour and flower morphology and seeds (Andrews, 1995). The flower of this genus is bisexual,
hypogynous and mostly pentamerous (Bosland and Votava, 2000). In C. annuum, the flower is
solitary. However, in other species they are borne in cymule especially in C. chinense and C.

frutescens. The flowers are usually white but occasionally tinged with purple, and are borne



in the axils of the leaves or branches (Jeffrey, 2005). They have complete flowers with calyx,
corolla, and male and female sex organs. The Capsicum calyx is broadly campanulate, ribbed,
and about 2 mm long (Dharamadhaj and Prakash, 1978). The genus usually has five stamens
with bluish anthers which are joined to the base of the corolla. The stamens dehisce
longitudinally, exposing the pollen. Capsicum species have single style which are often longer
than the stamens, especially in hot peppers. Stigma is club-shaped and in the domesticated the
number of locules may vary between two and four or more. Variation is not in the number of
locules in the same plant (Jeffrey, 2005).

Capsicum fruit is a berry (Knapp, 2002). Extensively, variations exist in fruit shape, size, wall
thickness and fleshiness, colour and pungency. These are influenced by genetic and
environmental factors (Andrews, 1995). Fruits at the tender stages are usually borne in an erect
position. However, in some varieties it turns downward into a pendant position as it grows
(Jeffrey, 2005). Pod length varies from less than 1 to 32.5 cm. The pedicel length also varies
in different pod types. Fruit colours range from green, yellow, orange red /purple, brown, black,
and white. (Chaim et al., 2003). Cultivated fruit reaches the mature green stage in 35-50 days
after the flower is pollinated (Bosland and Votava, 2000).

The seeds of Capsicum are attached to the placenta walls. Seeds lack pubescence except for
Capsicum pubescens. Seed weight varies according to species, variety, and growing conditions

(Jeffrey, 2005).

2.3 Environmental and Growth Conditions of Capsicum Species

Capsicum species do not do well on dry or compacted soils. Sandy loam with pH range of 5.5-
6.8 is suitable for production. Well drained, efficient and constant supply of moisture are
beneficial for production (Jeffrey, 2005). It is prone to frost damage (Watkins and Cantliffe,
1983a). Optimum day and night temperatures for seedlings and young plants range between 24

°C - 29 °C and 10°C to 16 °C. The best temperature for fruit set ranges between 18 °C and 27



°C (Jeffrey, 2005). Efficient seed germination requires a constant temperature ranging between
15 °C and 30 °C (Randle and Homna, 1980; cf. Dell‘ Aquila, 2004). Germination does not occur
when seeds are exposed to temperatures below 8 °C or above 40 °C (Choi, 1985). In
domesticated species, seed germination does not depend on any strict light requirements
(Hernandez-Verdugo et al., 2001b). Peppers grown under greenhouse conditions are taller, and
develop fragile tissue than those planted on the field (Gomez-Guillamon and Cuartero, 1987).
Capsicum species are usually indeterminate. They have continuous sympodial branching with
the individual branch systems functioning as relatively autonomous integrated physiological
units (Thomas and Watson, 1988; cf. de Swart et al., 2004). Anthesis in pepper starts from 30-
42 days after planting (Gibbon and Pain, 1985; Khah and Passam, 1992). It is controlled by
day length (Aleemullah et al., 2000). High temperature during fruit set has negative influence
on productivity while low temperature deforms fruit shape (Rylski and Spigelman, 1982;
Rylski, 1972).

2.4 Importance of Capsicum Species

Pepper serves as a condiment in diverse dishes. The fruits are consumed fresh, dried or in
processed form (Geleta, 1998; Seleshi, 2011). It has several nutritional benefits. The genus is
rich in Vitamins A and C (Bosland and Votava, 2000). Lee and Kader (2000) reported that
some pepper varieties contain seven times more vitamin C than orange. The vitamins A, C and
beta-carotenoids in pepper are known to be powerful antioxidants (Simonne et al., 1997).
Pepper may also contain magnesium, iron, thiamin, riboflavin, and niacin (Debra, 2003). Red
form of Capsicum fruits contains lycopene and this is believed to have anti-cancer properties
(Simmone et al., 1997).

Capsicum species has many medicinal benefits. Their medicinal use dates back to the days of
the Mayas. They used them to treat asthma, coughs, and sore throats (Bosland, 1996). Pepper

can also be used for the treatment of fevers and colds (Norman, 1992). Pharmaceutically, the



active compound capsaicin is used as a counter-irritant balm for external application
(Carmichael, 1991). It is the active ingredient in Heet and Sloan's Liniment, two rubdown
liniments used for sore muscles (Bosland, 1996). Capsicum influences circulation, relieves gas
and colic, aids digestion, and prevent infection in the body (Debra, 2003). Another beneficial
use of pepper is in the area of crop protection where extracts from pepper is used as bio-
insecticide. Bouchelta et al. (2003, 2005) reported that pepper extracts used on eggs and adults
of the tabaci whitefly proved to be potent. Chili extracts applied on thrips, pod borers, and pod
suckers on cowpea reduced their population (Oparaeke et al., 2005). Secondary metabolites
such as alkaloids, saponins and flavonoid in Capsicum species are a source of toxicity which
affect insects (Bouchelta et al., 2005). Oleoresin in pepper is used as spray to act as a non-
lethal repellent to both animal and human targets (De, 2003) and serves as a valuable riot

control agent and self-defense tool (Sanatombi and Sharma, 2006).

2.5 Breeding in Capsicum Species

Breeding in plants is required to enhance the value of food crops, by improving their yield and
the nutritional quality of their products. Breeders have developed cultivars with modified
physiology to cope with variations in environments which is alien to them. New cultivars also
need to be developed for resistance against various biotic factors such as diseases, insect pests
and abiotic factors such as salt, drought, heat, and cold (Acquaah, 2007).

Traits such as high yield, pungency, fruit colour, fruit size and shape as well as disease
resistance are considered for selection in breeding pepper. These are considered based on the
objectives for the breeding (Liu et al., 2009). However, breeding for resistance to several
economically important diseases is one of the major focus in pepper improvement program
(Gniffke et al, 2013).

The flowers of Capsicum species have large ovary surmounted by a style that is generally

longer than the surrounding stamens. However, the stigma is usually receptive prior to the



release of pollen (Free, 1993). Pepper is prevalently an autogamous species but frequently
experiences cross-pollination (Csillery et al., 1986; Tay, 1989). Again, it has been reported that
hot pepper species have longer styles and therefore facilitates cross pollination (Jeffrey, 2005).
Walter (1986) reported that bees account for natural crossing in pepper and this results in
variability in cultivars.

Although Capsicum species do not hybridise with species in other genera of solanaceae (Berke,
2000), interspecific crossing between many Capsicum species has been evaluated for
agronomic and taxonomic purposes (cf. Walsh and Hoot, 2001; Pickersgill, 1991, 1997; Onus
and Pickersgill, 2004). Hybridizations within the taxa of the Capsicum annuum complex
produce fertile hybrids to various extents (Jarret and Dang, 2004; Nwankiti, 1976; Kumar et
al., 1987; Panda et al., 2004; Baral and Bosland, 2004). Generating interspecific hybrids within
species of different gene complexes in Capsicum, mostly have not been obtained. This is due
to incompatibility between species, abortion of the embryo and male sterility (Onus and
Pickersgill, 2004, Pickersgill, 1997). Singh (1993) reported that the more distant two species
are genetically, the more sterile their hybrid. Thus, it is necessary to assess accessions for
pollen viability in interspecific hybridization during breeding (Carlos et al., 2011).

2.6. Germplasm Characterization and Evaluation in Capsicum Species

Germplasm characterization involves programmed and systematic collection of data based on
the assessment of features that describe and differentiate accessions (Almeida et al., 2005) and
evaluation is the description of the material in a collection (Thomas and Mathur, 1991).

In characterization, clearly different identifiable traits which are heritable are recorded. It is
carried out in precision fields through spaced planting under adequate agronomic conditions
and plant protection (Upadhyaya et al., 2008). Characterization and evaluation of conserved
genotypes are of basic importance for enhancing the breeder’s ability to identify elite genotypes

for use in breeding programs (Laurentin, 2009; Elizanilda et al., 2011).



2.7 Significance of Genetic Improvement in Capsicum Species

The use of plant genetic resources in crop improvement results in evolution of improved
cultivars for cultivation and consumption. It also serves as one of the most sustainable methods
to conserve valuable genetic resources for the future. More so, it ensures an increase in
agricultural production as well as food security (Haussmann et al., 2004). More efficient use
of plant genetic diversity is a prerequisite to meeting the challenges of development, food
security and poverty alleviation (FAO, 1996b). Improved crop varieties with superior
agronomic and quality traits results from plant breeding programs. Plant breeding alters the
heritable patterns of plants to increase their value (Columbia Encyclopedia, 2008). Crop
breeding programs can employ both traditional and modern biotechnology methods to identify
varieties with traits relevant to climate change. This can be done to increase varietal tolerance
to factors such as high temperatures, extreme heat, droughts, flooding, and high salinity (ADB,
2014). The huge genetic diversity available for chili breeders has facilitated the development

of new varieties and hybrids (Maheshwari and Chandrashekhar, 2011).

2.8 Agro-morphological Characterization of Capsicum Species

Morphological, agronomic, genetic and physiological features cannot be ignored when making
selection among varieties (Ndour, 1998). Traditionally, Capsicum species are recognized by
morphological descriptors or related traits (Sudre et al., 2010). Although determination of
genetic divergence in accessions is accurate using molecular markers, concept of the phenotype
given by morphological and agronomic descriptors is still essential (Goncalves et al., 2008).
According to Agyare (2013), using morphological and molecular markers for genetic
characterization is necessary for gathering pertinent information on genetic divergence within
species. Such record serves as the fundamentals for provision of proper conservation strategies
as well as instituting effective breeding methods (Agyare, 2013). An idea about the phenotype

obtained through morphological descriptors is key to accurate species identification (Dias et



al., 2013; Aziagba et al., 2015). According to Bajracharya et al. (2006), characterization is
used to assess phenotypic diversity by using agro-morphological traits.

Effective breeding in pepper depends on genetic variation of accessions in useful agronomic
traits (Mehmet and Dursun, 2011). According to Rao (2004), in spite of the low productive
characters of Capsicum landraces, subsistent farmers use them because of their desirable
agronomic characteristics. Thus characterizing pepper germplasm for such traits is very

essential.

2.9 Phytochemical Composition of Capsicum Fruits

Plants contain vast range of chemicals some of which are beneficial to the plant itself, animals
and human. According to Heneman and Zidenberg-Cherr (2008), phytochemicals are
compounds from plants that have the potency to prevent diseases in human. Phytochemicals
are found in medicinal plants and organs such a leaves, roots, seeds and fruits of crop plants. It
is categorized into primary and secondary compounds. Primary consist of compounds such as
chlorophyll and protein while secondary include terpenoid, alkaloid and phenolic compounds
(Nostro et al., 2000). There has been an increase interest in the analysis of crop plants for
phytochemicals by commercial and pharmaceutical companies (Wadood et al., 2013) which
Capsicum species are not exception. Aziagba et al. (2013) reported that Capsicum species are
not only grown for their spicy nature, vegetable and nutritional value but also for medicine.
According to Lee et al. (2005), the species have diverse biochemical and pharmacological
properties such as antioxidants, anti-inflammatory, anti-allergenic and anti-carcinogenic
activities.

2.9.1 Antioxidant Properties of Capsicum Species

Antioxidants are chemical components which have the ability to react with free radicals to stop
or prevent their interaction with biological tissues. This is achieved through scavenging activity

by the antioxidants, chelating of metal ions and to reduce the quantum of localized oxygen
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concentration. (Asimi et al., 2013). Antioxidant compounds include carotenoids, vitamins, and
polyphenols. These can further be categorized into i) carotenoids consisting of carotenes and
xanthophylls ii) vitamins as C and E iii) Polyphenols classified into flavonoids, phenolic acids,

lignans and stilbenes ( Oroian and Escrihe, 2015).

2.9.1.1 Carotenoids (p carotene and lycopene)

Carotenoids are among the diverse sources of plant pigments (Van den Berg et al., 2000). There
are about 60 carotenoids obtained from fruits and vegetables from which B carotene and
lycopene are among the most important (Oroian and Escrihe, 2015). Pepper is a very good
source of carotenoids (Deepa et al., 2007).

Among carotenoids, B carotene is the highest studied compound (Krinsky and Johnson, 2005).
B carotene is a pro-vitamin. However, the body has the ability to change it to vitamin A.
According to Deepa et al. (2007), environmental factors and the extent of ripening influence
the content of B carotene in pepper. Vera-Guzman et al. (2011) reported on a range of 29.3 —
132.9 mg/100g of B carotene in ripe fruit of pepper while Chavez-Mendoza et al. (2013)
reported on a range of 0.0039 - 0.0074 mg/g in grafted pepper. Medically, B carotene has been
reported to give protection against cancer especially, breast, prostate and lung cancer (Chavez-
Mendoza et al. 2013). This is due to its antioxidant function as a scavenger of free radicals.
(Burton and Ingold, 1984). Acting as antioxidant, its reactivity with peroxyl is faster than that
of unsaturated acyl chains (Woodall et al., 1997). It has been reported that B carotene can give
immunity to certain cells in the body. Study of B carotene has shown a mechanism of protection
of phagocytes from auto-oxidative attack and its ability to influence other activities such as T
and B lymphocyte production and tumoricidal properties (Bendich, 1989).

Lycopene is a highly unsaturated compound. It has 13 bonds of which 11 are conjugated. It is
a highly powerful antioxidant and its quality has been found to be as twice as that of  carotene.

Lycopene by its singlet oxygen quenching function is about ten folds higher than a tocopherol

11



(Rao et al., 2003). Lycopene can be obtained from plant sources such as carrot, grapefruit,
water melon, and papaya and pepper (Zuknik et al., 2012). Chavez-Mendoza et al. (2013)
reported a range of 0.0025 - 0.0048 mg/g for lycopene content in pepper. According to Basu
and Imrhan (2006), lycopene has anti-carcinogenic qualities which are beneficial to human

health. Lycopene has been found to prevent oxidative damage to DNA (Matos et al., 2001).

2.9.1.2 Polyphenols (Gallic, Vanillic and Rosmarinic Acids and Flavonoids)

Polyphenols are diverse range of compounds which are biological in nature. Polyphenols
consist of phenolic acids, flavonoids, phenolic alcohol, lignans, and stilbenes. These
compounds give protection to plants by toughening, maintaining cell walls (Furiga et al., 2009)
and preventing microbial infections (Geissman and Hinreiner, 1952). Polyphenols mostly
occur as natural antioxidants which are safer than the synthetic (Okubo et al., 2003). Research
has shown that polyphenols influence the healing process of wounds and possess immunity
modulation qualities against carcinogenic pathways ( Paszkiewicz et al, 2012) .There has been
an increase in the study of food phenolic compounds which is attributed to the antioxidant
properties and its activity (Kuljarachanan et al., 2009; Ahmed et al., 2015). Perucka and
Meterska (2001) reported that Capsicum species possess high quality phenolic compounds.
Capsaicin, a polyphenol from pepper has been reported by Surh and Seoul (2002) to have anti-
mutagenic and anti-carcinogenic qualities. The concentration of polyphenol is affected by the
environment and extent of maturation. These affect pungency, flavor and colour of fruit
(Nadeem et al. 2011). Campos et al. (2013) reported on total phenols in pepper genotypes
within the range of 20.54 and 20.75 mg/100g.

Phenolic acids belong to the main class of polyphenols (Cai et al., 2004) and gallic, vanillic
and rosmarinic acids fall under this.

Flavonoids are compounds with different phenolic structure. There are more than 4000

different types of flavonoids discovered. Anthocyanins, flavonols, chalcones, and flavones are
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examples of flavonoids. Structurally, flavonoids have two benzene rings with fifteen carbons
(Middleton, 1998). Flavonoids are the most abundant polyphenols and are found in
photosynthetic portions of plants. Some sources of flavonoids are pepper, tomato, citrus, onion
and soya bean. There are several benefits derived from flavonoids. In flowering plants, it is a
major determinant of colour composition (Koes, 2005). The increase in the study of health
benefits from medicinal plants currently, could be attributed to their flavonoids qualities
(Pourmorad, 2006). Antioxidant property of flavonoids is the best biochemical quality it
posseses. The antioxidant function of flavonoids is carried out through suppression of reactive
oxidative species, scavenging reactive oxidative species and protection of antioxidant defense
(Halliwell and Gutteridge, 1998; Mishra et al., 2013).

Flavonoids in plant food have been reported to reduce the risk of cancer diseases (Hertog et
al., 1994;Wolfe and Liu, 2008). Flavonoids are essential for the prevention of chronic diseases
as osteoporosis and diabetes (Sherakat, 2009). Flavonoids also add up to the colour of food
(Nisha and Arulmozhi, 2013). Perucka and Materska (2001) reported that ripe pepper have
high flavonoid content.

2.9.2 Antioxidant Activity of Capsicum Species

Antioxidants are compounds which have the ability to impede the activities of reactive
oxidative species by stopping or reducing their damage to biomolecules. Compounds which
have antioxidant properties include vitamins, carotenoids, and polyphenols (Oroian and
Escriche, 2015). Antioxidant activity is the process where antioxidant initiates a protective
mechanism to neutralize reactive oxygen species (Goldfarb, 1993). To determine the
antioxidant activity of a substance, one of the commonly used method is the reaction of 2, 2-
Diphenyl-1-picrylhydrazyl (DPPH) with the substance (extract) in methanol solution.
Reduction of DPPH is monitored through a decrease in its absorbance at a wavelength of

515nm during the reaction. The antiradical activity (ECso- efficient concentration) is recorded.
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ECso is the quantity of the antioxidant needed to reduce the initial DPPH concentration by 50%.
Lower ECso value indicates higher antiradical activity by the antioxidant compound (Brand-
Williams, 1995). For the relationship between antioxidant and antioxidant activity, Saidu and
Garba (2011) reported that there was a positive relationship between total phenolic content and
antioxidant activity in pepper extract. They further stated that the extent of antioxidant activity

was highly attributable to phenolic compounds.

2.10 Variability in Capsicum Species

Variability expresses the divergence that exists among individuals in a population. It is
expressed by the outward characteristics of an individual which is referred to as the phenotypic
characteristics. In plants, it includes the visual traits such as flower, plant stature, resistance to
pest etc. Phenotype is influenced by both the environment and the genetic composition of the
individual plant (Arnel, 2011). Thus, the interaction between the two influences the phenotypic
expression of a trait. Genotype X environment interaction can therefore be defined as a change
in the performance of a trait when two or more genotypes are evaluated in two or more
environments (Bowman, 1972).

The extent of variation among individuals is measured as variance. Thus, total variation that
shows phenotypically in an individual is referred to as the phenotypic variance (total variance).
Basically, its components are the genotypic (V) and environmental (V) variances. However,
these component does not really justify the source of resemblance among the individuals and
the magnitude of their genetic properties. To achieve these, the genotypic variance (Vg) is
separated into additive (Va), dominance (Vp) and interaction (V) variances (Falconer, 1960).
The degree to which the phenotype of a trait is influenced by its genetic composition is
determined by heritability. According to Nyquist (1991) heritability (h?) is the proportion of
the phenotypic variance which comes from the gene influence. It is estimated as the ratio of

the genotypic variance (c%) to the phenotypic (%) variance (Falconer, 1960). Heritability
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shows the extent to which a trait is transmittable from a parent to the off-spring. The degree of
heritability estimates determines how improvement is feasible by selection (Nechif, 2011).
However, heritability alone does not aid efficient selection. High heritability with high genetic
process in a trait indicates potentiality for selection. Variability, heredity together with genetic
advance in pepper stand for high values that could be enhanced in breeding programs
(Sreelathakumary, 2004). It has also been reported by Omoigui et al (2006) that different
components of genetic variance and heritability are necessary for estimating selection
efficiency.

Other parameters as genotypic and phenotypic coefficients of variations also help to determine
the degree to which the phenotypic expression of a trait is influenced by the environment and/
or the genetic factor. According to Rajib and Tah (2011) the degree of variation in different
traits is estimated by genotypic (GCV) and phenotypic (PCV) coefficients of variation. They
further stated that any genetical enhancement of a crop is dependent on the extent of the
measure of genetic parameters as genotypic (GCV) and phenotypic (PCV) coefficients of

variation, genetic advance (GA) and heritability (h?).
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Experimental Site
The research work took place in two locations. Planting, growth and agro-morphological
studies were conducted under greenhouse and field conditions at the Forest and Horticultural
Crops Research Centre (FOHCREC) of the University of Ghana at Kade in the Kwaebirim
District, Eastern Region of Ghana. It is located 123 km north-west of Accra and 114 m above
sea level on latitude 60.0854’N and longitude 0.5400°W in the semi-deciduous forest agro-
ecological zone (CACS, 2010). The laboratory analyses were conducted at the Department of
Botany, College of Basic and Applied Sciences of University of Ghana Campus, Accra.
3.2 Soil and Climate
Haplic Acrisol type of soil is the characteristic of the entire research site (Nkansah et al., 2011).
Climate of the area is classified as humid tropical (Ofosu-Budu, 2003). Temperature of the area
ranges between 25 °C and 38 °C with an annual rainfall ranging between 1300 mm and 1700
mm. The rainfall pattern is bi-annual (Nkansah et al., 2011).
3.2.1 Soil for Greenhouse and Field Experiments
Table 1 gives the composition of organic matter, pH, nitrogen, phosphorus and potassium

contents in the soil samples under both field and the greenhouse conditions.
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Table 1: Nutrients, organic matter, and pH contents of the soils used under field and
greenhouse conditions

Soil resource Field Greenhouse
Organic Matter 2.26 % 3.37%
Potassium 0.6 cm/kg 0.75 cm/kg
Phosphorus 7.74 mg/kg 8.02 mg/kg
Nitrogen 0.23 % 0.32%

pH 6.3 6.78

Source: Soil Science Laboratory, University of Ghana, Legon.
3.2.2 Climatic Conditions during the Period of the Experiment
Climatic conditions during the period of the experiment (under both greenhouse and field

conditions) are given in the Tables 2 and 3.

Table 2: Climatic conditions from November 2014 —April 2015 under greenhouse

conditions
Temperature Relative humidity
Month Maximum Minimum Maximum Minimum

November, 2014 40.70 16.70 79.89 31.23
December, 2014 39.26 16.70 81.20 34.23
January, 2015 40.65 16.68 88.40 33.25
February, 2015 40.34 16.71 82.30 34.24
March, 2015 39.34 16.13 80.13 33.23
April, 2015 38.34 16.15 81.12 34.24

Source: FOHCREC, Kade.
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Table 3: Climatic conditions from November 2014 —April 2015 under field conditions

Temperature (°C) Relative humidity (%) Rainfall
Month Maximum Minimum Maximum Minimum  (mm)
November, 2014 34.40 23.51 94.98 39.52 0.47
December, 2024 34.57 22.79 99.11 45.15 1.90
January, 2015 34.57 22.54 98.64 46.19 211
February, 2015 34.80 22.60 99.43 47.75 0.70
March, 2015 34.45 22.11 99.67 46.20 2.10
April, 2015 33.98 22.01 99.23 44.65 2.04

Source: FOHCREC, Kade

3.3 Pepper Genotypes used for the Experiment

Seventeen (17) genotypes obtained from Plant Genetic Resources Research Institute (PGRRI),

Bunso and Forest and Horticultural Crops Research Centre (FOHCREC), Kade were used for

the experiment. The genotypes and their sources are indicated in Table 4.
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Table 4: Sources of genotypes used for the study

GENOTYPE

SOURCE

Galaxy

GR 202
Vulcano
Z-607

Delhi Hot
ICPN16#7
Salmon Pepper
Legon 18
Mayford

Local Hot Chili
Pari Mild

9H

9A

9B

7E

9F

7A

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

FOHCREC —Kade

PGRRI-Bunso

PGRRI-Bunso

PGRRI-Bunso

PGRRI-Bunso

PGRRI-Bunso

PGRRI-Bunso
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3.4 Field and Greenhouse Experiments
Morphological characterization was done on the pepper genotypes both under Greenhouse and
Field conditions based on the standard descriptors for Capsicum species (IPGRI, AVRDC,

CATIE, 1995).

3.5 Details of the Experiment

The experiment was conducted concurrently in two locations (Greenhouse and the Field) at
FOHCREC, Kade; from November, 2014 to April, 2015.

3.5.1 Experimental Design

Both experiments (under Greenhouse and the Field conditions) were laid out in randomized
complete block design. Each of the seventeen (17) genotypes were replicated three (3) times.
Therefore, fifty-one (51) plots were used at each environment. To avoid biases, genotypes were
assigned to plots randomly using the drawing lots method.

3.5.2 Dimensions of the Experimental Plots and Planting Distances under Greenhouse
and Field Conditions

Under field conditions, the plants were sown on six (6) ridges which had been planted to okra
in the previous season. The length of each of the six (6) ridges used was 82.6 m with a width
of 0.53 m. The ridges were 0.7 m apart. The planting distance was 0.8 m x 0.59 m. Under
greenhouse conditions, six (6) beds were used. The length of each bed was 6 m with a width

of 0.95 m. A distance of 0.54 m separated the beds. The planting distance was 0.6 m x 0.5 m.

3.6 Nursery and Cultural Practices

3.6.1 Sowing of Seeds, Raising Seedlings and Transplanting

The seeds were sown in compartmentalized seed boxes filled with rice biochar (carbonated rice
husk) medium with two seeds per cell. Regular watering was done after germination until
transplanting. N.P.K 19:19:19 (poly-feed) was applied as foliar fertilizer at a concentration of

5.33 g/L two (2) weeks after germination. To prevent damping-off disease at the nursery, the
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seedlings were sprayed with the fungicide Top Cop, at the concentration of 10 ml/L at two (2)
weeks intervals. Seedlings were transplanted four (4) weeks after sowing.

3.6.2 Weed Control, Fertilizer and Pesticide Applications

Manual weeding was done both under greenhouse and field conditions as necessary. During
the vegetative stage, N.P.K 19:19:19 (poly-feed) at a concentration of 5.7 g/L was applied
(foliar application) at two (2) weeks intervals. Multi-K brand of N.P.K fertilizer was applied at
a concentration of 8 g/L for two conservative times at two weeks intervals just before flower
initation and two weeks after flower initiation. Insect pests and fungal diseases were controlled
with Cuprofix (fungicide) at a concentration of 3 g/L and brand Cyperdem (insecticide) at a
concentration of 2.33 ml/L.

3.7 Data Collection on Morphological Traits

Data were collected at vegetative, flowering and fruiting stages. All data collection was based
on the descriptors for Capsicum species (IPGRI, AVRDC, CATIE, 1995). Five (5) plants per
plot were tagged for data taking.

3.7.1 Quantitative Characters

The data were collected on each of five record plants per genotype and the means computed

for the following quantitative characters:

3.7.1.1 Mean Plant Height (cm)
Plant height was measured at first harvest. Measurement was taken from the base of the plant
to the terminal with a meter rule in centimeters (cm). For each genotype, measurement were

taken on the five (5) record plants and the mean calculated.
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3.7.1. 2 Mean Plant Canopy Width (cm)
The width of the canopy was measured immediately after the first harvest with a meter rule in
centimeters (cm). Measurement were taken at the widest point of the canopy. For each

genotype, measurements were taken on the five (5) record plants and the mean determined.

3.7.1.3 Mean Stem Girth (cm)
Stem girth was measured three (3) centimeters above the ground with vernier calipers
immediately after the first harvest. For each genotype, measurements were taken on the five

(5) record plants and the mean calculated.

3.7.1.4 Days to 50% Flowering
The number of days to 50% flowering was taken from the day after transplanting to the date
when 50% of plants per plot had at least one open flower. The average of the three (3) replicated

plots for each genotype was taken to represent the value for the genotype.

3.7.1.5 Mean Days to Fruiting
Total days to fruiting was recorded as the number of days after transplanting until 50% of plants
per plot have mature fruits at the first and second bifurcation. The average number of days was

found for each genotype in the three (3) replicated plots to represent the value for the genotype.

3.7.1.6 Mean Fruit Length (cm)
Ten (10) fruits per genotype were sampled at the second harvest from each plot and the length
measured with a ruler in centimeters (cm). The average was taken for the fruit length of the

genotype.
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3.7.1.7 Mean Fruit Width (cm)
Ten (10) fruits were sampled from the second harvest in each genotype per plot. Their widths
were taken at the widest diameter with a caliper (in centimeters). The mean for each genotype

was taken as the width of that genotype.

3.7.1.8 Mean Fruit Wall Thickness (mm)
Ten (10) fruits from each genotype were sampled at the second harvest per plot. The wall
thickness (in millimeter) was measured on ten (10) fruits per genotype at the point of maximum

width with vernier calipers. The mean was then calculated.

3.7.1.9 Mean Yield per Hectare (ton/ha)
The total yield per hectare was calculated based on the formula below;

Yield (ton/ ha)= Ar;?;);;hslcctjrexweld per plot

3.7.1.10 Mean Number of Leaves
The total number of leaves was counted in the five tagged plants per plot in each genotype at

harvest for each replication. The average was taken for each genotype.

3.7.1.11 Mean Number of Seeds per Fruit
Ten (10) fruits were randomly selected from each genotype. The seeds were extracted and

counted and the average was taken to represent the number of seeds for the genotype.

3.7.1.12 Mean Chlorophyll Content
The chlorophyll meter was used to measure the chlorophyll content of five (5) plants per plot

at both flowering and harvest stages. The average was taken for each genotype.
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3.8 Laboratory Analysis of Fruit Quality Traits

Laboratory work was carried out on six (6) phytochemical characters of the pepper genotypes.
These included phenolic acids (gallic, vanillic, and rosmarinic acids), total flavonoids,
lycopene and B-carotene contents as well as antioxidant activities (ICso value). Dried and
ground fruit samples of all the pepper genotypes were used for the phytochemical analysis.
3.8.1 Drying of Pepper Genotypes

Fully ripe fruits were used for the chemical analysis. Unquantified sample of ripe fruits was
oven-dried at 60°C for forty-eight (48) hours as described by Ikpeme et al. (2014).

3.8.2 Preparation of Pepper Samples

Pepper samples were prepared with a modified approach by Tsai et al. (2009). The pepper
fruits were pulverized into fine powder. Ten (10) grams of the pulverized samples was
extracted with 100 ml of methanol at 25 °C at 20xg for 24 hours and filtered through Whatman
No. 1 filter paper. The residue was extracted with two additional 100 ml portions of methanol
as described above and combined ethanolic extracts were concentrated under reduced pressure
below 40 °C to obtain the crude extract. The crude extracts were re-dissolved in methanol at
concentration of 20 mg/ml and stored at 4 °C for further analyses.

3.8.3 Determination of Total Phenolic Content

Total phenolic content was determined by using Folin-Ciocalteau reagent based on modified
version of the method by Harborne (1989). Each sample (1ml) was added to 1 ml aqueous
sodium carbonate solution. A volume of 1 ml Folin-Ciocalteau reagent was added to the
mixture and topped up to 10 ml. The mixture was agitated and allowed to stand for 90 minutes.
The absorbance was measured at 765 nm by using UV/visible spectrophotometer (SpectraMax
Plus 384, United states). The concentration of the total phenolic compounds was calculated
based on standard curve of gallic acid (0.2 — 1.0 mg/ml) with the linear equation, y = 0.624x —

0.939, where R?=0.995. The results were expressed as mg of gallic acid equivalent (GAE/mg)
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per 100 ml of the extract. For the determination of the concentrations of individual phenolic
compounds, the following formulae were used: (a) gallic acid (mg/100ml): y = 0.0871x — 0.
102 (b) vanillic acid (mg/100ml): y = 0.053x + 0.012 (c) rosmarinic acid (mg/100ml): y =
0.069x + 0.022.

3.8.4 Determination of Lycopene and -Carotene Contents

The modified method of Sharoba (2009) was followed for this determination. To determine the
concentrations of lycopene and B-carotene, the absorbances of the extracts were measured at
the wavelengths 453nm, 505nm, and 663 by using spectrophotometer (SpectraMax Plus 384,
United states). The following formulae according to Nagata and Yamashita (1992) were used
to calculate for the concentration of lycopene and B-carotene respectively; a) Lycopene
(mg/100ml) = -0.0458A663 + 0.372A505- 0.0806A453  b) B-carotene (mg/100ml) =
0.216A663 — 0.304A505 + 0.452A453.

3.8.5 Determination of Total Flavonoid Content of Pepper Genotypes

The modified aluminum chloride colorimetric method by Barros et al. (2007) was used to
determine the flavonoid content. Methanolic extract of pepper fruits (0.5 ml) was mixed with
distilled water at 500 pl and sodium nitrite, NaNO2 (5%, 30 pl). Mixture was allowed to stand
for 5 minutes. Aluminum chloride solution, AICl3. H20 (10%, 60 pl) was added to the mixture.
The mixture was allowed to stand for 6 minutes. Sodium hydroxide, NaOH (1M, 200 pl) and
distilled water of 110 ul were added to the mixture and thoroughly mixed. Absorbance was
taken at 510 nm (SpectraMax Plus 384, United States). Concentration of total flavonoid content
was computed based on standard curve of rutin (0.2 — 1.0 mg/ml) with the linear equation y=
0.0101x + 0. 2238 with R? = 0.9563. The results were expressed as mg of rutin equivalent

(RE/mg) 100 ml of the extract.
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3.8.6 Determination of Antioxidant Activity of Genotypes

3.8.6.1 Chemicals and Reagents
The chemical DPPH was secured from Sigma Aldrich Co. (St. Louis, USA). Other chemicals

used were of analytical grade.

3.8.6.2 2, 2-Diphenyl-1-picryhydrazyl (DPPH) Free Radical Scavenging Activity of
Methanolic Extract

Diluted working solutions of the test extracts were prepared in methanol. The standard used
was ascorbic acid. A volume of 100 pl of test samples (0.6-20 mg/ml) measured accurately in
methanol was added to 5 pul DPPH solution. A percentage of 0.002 DPPH was made in
methanol. A microliter of the DPPH solution was mixed with 1 ml of sample solution and a
standard solution to be tested separately. The solution mixture were kept in the dark for 30
minutes. After that, an optical density was measured at 517 nm by a spectrophotometer against
1 ml methanol as the blank in 1 ml of DPPH solution (0.002%). The optical density was

recorded and percentage inhibition was calculated using the formula by (EI-Agbar et al., 2008).

The percentage inhibition of DPPH activity = (A— BA) where,

A- Optical density of the blank

B- Optical density of the sample.

3.8.6.3 Statistics and Estimation of 1Cso

The development (decolorization) was plotted against sample extract concentration. A linear
regression curve was established for the calculation of ICso (ug/ml). ICso indicates the value of
the sample needed to reduce the absorbance of the DPPH radical by 50%.

All phytochemical analysis was carried out in triplicate and the averages were estimated.
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3.9 Analysis of Data

All data from the experiments were analyzed by using the GenStat Computer Statistical
Software (2009) and XLSTAT statistical software (2015).

3.10 Determination of Heritability and VVariance Components of Traits among
Genotypes

XLSTAT statistical software package (2015) was used to compute heritability and the variance
components.

3.11 Estimation of Heritability and Variance Components of Traits among Genotypes
under Individual Environment/Location

The formulae indicated in Table 5 were used to calculate broad sense heritability and variance
components for individual environment. The components genotypic coefficient of variation,
phenotypic coefficient of variation, expected genetic advance, and genetic advance by
percentage were computed according to the procedure used by Farshadfar and Estehghari
(2014). The components heritability, genotypic variance, and phenotypic variance were also

computed by the procedure followed by Allard (1960).
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Table 5: Formulae and symbols for computing heritability and variance components for
individual environment / location

Component Symbol Formula
Heritability h? (6%/ 6%) *100
Genotypic Variance 0% (Msg — Mse)/r
Phenotypic Variance 6% 0%+ o’
Environmental Variance Ge? Mse

Genotypic coefficient of GCV (\ 6%/ x) *100
Variation

Phenotypic coefficient of PCV (\ 6% 1 X) *100
Variation

Expected Genetic Advance ~ EGA k * \o?p * h?
Genetic Advance by % GA% (EGA/X)* 100

Source: Principles of Plant Breeding by R.W. Allard (1960), International Journal of
Biosciences: 2014, Vol. 4, No. 12: p. 193-201.

k- Selection intensity = 2.06, MSe = error mean square, MSg = genotypic mean square, X =
mean, r = number of replication

3.11.1 Estimation of Variance for the Individual Environment/ Location for Traits among
Genotypes

Table 6 shows the format and formulae for analysis of variance in a single/ individual
environment/location. The genotypic, environmental and phenotypic variances were computed

from mean squares by the method followed by Farshadfar and Estehghari (2014).

28



Table 6: Analysis of variance for the individual environment /location

Source of variation Df MS EMS F-test
Replication r-1 MS, 0% + gor

Genotype g-1 MSq 0% + 1o’y MSg/MSe
Error (r-1) (g-1) MSe 0%

Total gr-1

Source: International Journal of Biosciences: 2014, Vol. 4, No. 12: p. 193-201.

I= location/environment, g = number of genotypes used, r = number of replication,

MSr = replication mean square, Msq = genotypic mean square, MSe = error mean square, 62
= environmental variance, ro? = replication variance

3.12 Estimation of Heritability and Variance Components for the Combined
Environment/ Location for Traits among Genotypes

The formulae as indicated in Table 7 were used to calculate broad sense heritability and
variance components for the combined environment. The h?, o%g, and ¢?p were computed
according to the procedure used by Usman (2013). The components EGA and GA% were

estimated by the procedure used by Johnson et al. (1955) as reported by Idahosa (2010).
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Table 7: Formulae and symbols for computing heritability and variance components for
the combined environment / location.

Component Symbol Formula

Heritability h? o%g/ 6% = 6°g/ [o°g +
(c?gl/) + (c%e/r1)]

Genotypic Variance 0% (MSg — MSgl)/rl
Phenotypic Variance 6% o’g + (a?gl/l) + (c%e/rl)
Environmental Variance o% MSe
Genotypic  coefficient of GCV (\ o?g / x) *100
variation
Phenotypic coefficient of PCV (N o%p / x) *100
variation
Expected Genetic Advance EGA k * Vo?p * h%b
Genetic Advance by % GA% (EGA/X)* 100
Genotype X environment o2l (MSgl - MSe)/r

interaction variance

Source: Academia Arena, 2010: 2(5):22-26, Thesis work of Usman (2013) published at
http://ugspace.ug.edu.gh

k- Selection intensity = 2.06, MS, = error mean square, MSy = genotypic mean square

MSgl = genotype * environment mean square, 6%l = genotype * location variance

X = mean, | = environment/location, r = replication
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3.12.1 Analysis of Variance for the Combined Environment /Location
Table 8 shows the format and formulae for analysis of variance for the combined
environment/location. This format followed the procedure used by Usman (2013).

Table 8: Analysis of variance for the combined environment /location

Source of variation DF Mean square  Expected mean square  F-test
Replication (R) r-1 MSy

Replication (Location) r(I-1) MSr (1)

Location (L) I-1 MSI o% +ro’g+rgci  MSI/MSg
Genotype (G) g-1 MS, o% + ro’g + rlo’y  MSg/MSe
Genotype x Location (9-1) (I-1)  MSge 0% + I 6% MSge/MSe
Residual (gl-1) (r-1)  MSe 0%

Total glr-1

MSy = replication Mean square, MSr (l) = Replication * Location mean square,

MSI = Location mean square, MSy = genotype mean square, MSge = genotype* environment
mean square, MSe = error mean square, o2l = genotype *location variance, o2 = environmental
variance, 6%y = genotypic variance, o?l = location variance = genotype, | = location, r =
replication.

3.13 Correlation Coefficient Estimation

The Pearson’s correlation coefficient was used to show the association between the agro-
morphological and antioxidant traits among the pepper genotypes. The method suggested by
Hanson et al. (1956) was used as follow;

r=cov- xy/(var-x)(var-y)

Where; r = correlation coefficient

cov.X y = covariance between trait x and y.
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CHAPTER FOUR

4.0 RESULTS

4.1 AGRO-MORPHOLOGICAL TRAITS OF PEPPER GENOTYPES

4.1.1 VEGETATIVE TRAITS OF PEPPER GENOTYPES

4.1.1.1 Mean Plant Height in Pepper Genotypes (cm)

Mean plant height values are presented in Table 9. Under field conditions, genotype 9B
recorded the lowest mean value of 34.57 cm while genotype 9A recorded the highest mean
value of 65.63 cm about a grand mean of 55.06 cm. Under greenhouse conditions, genotype
9B recorded the lowest mean value of 49.48 cm while genotype Pari Mild recorded the highest
mean value of 112.75 cm about a grand mean of 122.19 cm. For the combined analysis,
genotype 9B recorded the lowest mean value of 49.48 cm while genotype Pari Mild recorded
the highest mean value of 112.75 cm about a grand mean of 88.63 cm. Combined analysis of
variance showed highly significant difference (P < 0.001) among genotypes, environment and

genotype X environment interaction ( appendix 6).

4.1.1.2 Mean Canopy Width in Pepper Genotypes (cm)

Mean canopy width values are presented in Table 9. Under field conditions, genotype 9B
recorded the least mean value of 20.03 cm while genotype 9A recorded the widest mean value
of 64.33 cm about a grand mean of 46.48 cm. Under greenhouse conditions, genotype 9B
recorded the least mean value of 29.27 cm while genotype 9H recorded the widest mean value
of 131.13 cm about a grand mean of 97.18 cm. For the combined analysis, genotype Legon 18
recorded the least mean value of 29.27 cm while genotype ICPN16#7 recorded the widest mean

value of 89.28 cm about a grand mean of 80.53 cm. Combined analysis of variance showed

highly significant difference (P < 0.001) in genotypes, environment and genotype X

environment interaction (appendix 6).
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Table 9: Mean values for plant height and canopy width of 17 pepper genotypes grown
under greenhouse and field conditions.

Plant Height(cm) Canopy Width(cm)

Environment Environment

Field Green H Mean Field Green H Mean
Genotype
TA 57.20 117.67 87.43 51.50 98.20 74.85
7E 60.93 126.73 93.83 47.47 96.00 71.73
9A 65.63 109.40 87.52 64.33 87.13 75.73
9B 34.57 64.40 49.48 20.03 29.27 24.65
oF 63.43 149.40 106.42 55.5 106.07 74.85
9H 53.17 154.93 104.05 47.43 131.13 71.73
Del H 56.87 156.40 106.63 44.37 44.37 75.73
Gal 57.67 140.33 99.00 40.17 40.17 24.65
GR 64.87 112.07 88.47 55.3 55.3 80.78
ICP 46.27 96.0 71.43 43.63 43.63 89.28
L18 61.23 120.40 90.82 49.37 49.37 93.52
LHC 46.97 138.07 92.52 42.7 42.7 85.22
MF 56.03 110.67 83.35 42.77 97.07 82.45
PM 62.2 163.30 112.75 47.27 113.8 57.42
Sal 59.93 138.40 99.17 55.25 87.6 65.18
Vul 41.13 88.60 64.87 36.5 83.27 71.28
Z-607 48.00 89.80 68.90 46.63 88 69.92
Grand Mean ~ 55.06 122.19 88.63 46.48 97.18 80.53
LSD0.05) 14.33 14.73 9.89 15.55 15.58 10.74

4.1.1.3 Mean Number of Leaves in Pepper Genotypes
Mean number of leaves are presented in Table 10. Under field conditions, genotype Galaxy
recorded the lowest mean value of 179 while genotype 9A recorded the highest mean value of

465 about a grand mean of 301. Under greenhouse conditions, genotype Vulcano recorded the
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lowest mean value of 135 while genotype Galaxy recorded the highest mean value of 531 about
a grand mean of 317. For the combined analysis, genotype Vulcano recorded the lowest mean
value of 144 while genotype 9H recorded the highest mean value of 426 about a grand mean
of 309. Combined analysis of variance showed highly significant difference (P < 0.001) in
genotypes and genotype x environment interaction but no significance in environment

(appendix 6).

4.1.1.4 Mean Stem Girth in Pepper Genotypes (cm)

Mean stem girth values are presented in Table 10. Under field conditions, genotype Local Hot
Chili recorded the lowest mean value 0.45 cm while genotype 9A recorded the highest mean
value of 1.1 cm about a grand mean of 0.84 cm. Under greenhouse conditions, genotype 9B
recorded the lowest mean value of 0.73 cm while genotype 9F recorded the highest mean value
of 2.88 mm about a grand mean of 1.08 cm. For the combined analysis, genotype 9B recorded
the lowest mean value of 0.71 cm while genotype 9F recorded the highest mean value of 1.86
cm about a grand mean of 0.96 cm. Combined analysis of variance showed no significant

difference in genotypes, environment and genotype X environment interaction (appendix 6).
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Table 10: Mean values for number of leaves and stem girth of 17 pepper genotypes
grown under greenhouse and field conditions.

Number of Leaves Stem Girth (cm)

Environment Environment

Field Green H Mean Field Green H Mean
Genotype
7A 281 244 262 0.96 1.04 1
7E 328 226 277 1.06 0.93 0.99
9A 465 285 375 1.1 0.81 0.95
9B 187 275 231 0.69 0.73 0.71
9F 318 497 408 0.85 2.88 1.86
9H 399 453 426 0.96 1.27 1.12
Del H 219 416 318 0.74 1.06 0.9
Gal 179 531 355 0.71 1.04 0.87
GR 317 289 303 0.86 0.89 0.87
ICP 231 267 249 0.76 0.84 0.8
L18 410 277 344 0.99 0.97 0.98
LHC 421 327 374 0.45 0.89 0.67
MF 254 253 254 0.92 0.93 0.93
PM 362 408 385 0.93 0.98 0.95
Sal 434 264 349 0.91 0.86 0.89
Vul 154 135 144 0.68 1.33 1.01
Z-607 165 250 208 0.71 0.87 0.79
Grand M 301 317 309 0.84 1.08 0.96
LSDeos)  111.2 34.3 57.5 0.248 1.46 0.716
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4.2 Chlorophyll Content of Pepper Genotypes

4.2.1 Mean Chlorophyll Content at Flowering Stage in Pepper Genotypes

Mean chlorophyll content values are presented in Table 11. Under field conditions, genotype
Local Hot Chili recorded the lowest mean value of 40.8 nm while genotype 7A recorded the
highest mean value of 127.6 nm about a grand mean of 75.6 nm. Under greenhouse conditions,
genotype Local Hot Chili recorded the lowest mean value of 18.2 while genotype Vulcano
recorded the highest mean value of 47 nm about a grand mean of 53.5 nm. For the combined
analysis, genotype Local Hot Chili recorded the lowest mean value of 29.5 nm while genotype
7A recorded the highest mean value of 85.3 nm about a grand mean of 53.5 nm. Combined
analysis of variance showed highly significant difference (P < 0.001) in genotypes,
environment and genotype x environment interaction (appendix 6).

4.2.2 Mean Chlorophyll Content at Harvest in Pepper Genotypes

Mean chlorophyll content values are presented in Table 11. Under field conditions, genotype
Salmon recorded the lowest mean value of 26.7 nm while genotype GR 202 recorded the
highest mean value of 116.3 nm about a grand mean of 56 nm. Under greenhouse conditions,
genotype Local Hot Chili recorded the lowest mean value of 21.7 while genotype Vulcano
recorded the highest mean value of 96.1 nm about a grand mean of 57.4 nm. For the combined
analysis, genotype Salmon pepper recorded the lowest mean value of 25.9 nm while genotype
GR 202 recorded the highest mean value of 98.1 nm about a grand mean of 17.35 nm.
Combined analysis of variance showed highly significant difference (P < 0.001) among
genotypes, no significant difference in environment and significant difference (P = 0.015) in

genotype x environment interaction (appendix 6).
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Table 11: Mean values for chlorophyll content at the reproductive and harvest stages of
17 pepper genotypes grown under greenhouse and open field conditions.

Chlorophyll content at F Chlorophyll content at H

(nm) (nm)

Environment Environment
Genotype Field Green H Field Green H
7A 127.6 43.1 85.3 77.5 93.7 85.6
7E 93.9 36.2 65.1 75.8 76.2 76
9A 65.7 33.7 49.7 29.6 53.8 41.7
9B 71 33.5 52.3 57.1 51.6 54.4
9F 51.6 26.2 38.9 27 33 30
9H 68.2 25.4 46.8 39.8 49.5 44.7
Del H 64.4 25.3 44.8 53.3 57.3 55.3
Gal 80.9 33.2 57 71.1 60.9 66
GR 112.2 42.2 77.2 116.3 79.8 98.1
ICP 63.4 27.6 45.5 54.5 40 47.3
L18 60.6 28.5 44.5 61.3 57.3 59.3
LHC 40.8 18.2 29.5 37.5 21.7 29.6
MF 76.8 30.1 53.5 29.5 54.7 42.1
PM 56.9 22.4 39.6 51.1 34.2 42.7
Sal 52.9 19.2 36 26.7 25 25.9
Vul 96.3 47 71.7 59.7 96.1 77.9
Z-607 102 42.7 72.4 84.2 90.9 87.6
Grand M 75.6 31.4 53.5 56 S57.4 56.7
LSD@os)  16.22 5.61 8.53 31.56 14.12 17.35

F- Flowering Stage, H- Harvest
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4.3 REPRODUCTIVE TRAITS OF PEPPER GENOTYPES

4.3.1 Mean Days to 50% Flowering in Pepper Genotypes

Mean days to 50% flowering values are presented in Table 12. Under field conditions, genotype
Legon 18 scored the highest mean days of 73 while genotype GR 202 scored the lowest mean
days of 28 about a grand mean of 41 days. Under greenhouse conditions, genotype 9H scored
the highest mean days of 97 while genotype GR 202 scored the lowest mean days of 28 about
a grand mean of 44 days. For the combined analysis, genotype Legon 18 scored the highest
mean days of 78 while genotype GR 202 scored the lowest mean days of 28 about a grand
mean of 43 days. Combined analysis of variance showed highly significant difference (P <
0.001) in genotypes, genotype X environment interaction and significance difference in

environment (P = 0.017) as indicated in appendix 3.

4.3.2 Mean Days to 50% Fruiting in Pepper Genotypes

Mean days to 50% fruiting values are presented in Table 12. Under field conditions, genotype
Legon 18 scored the highest mean days of 90 while genotype GR 202 scored the lowest mean
days of 48 about a grand mean of 70 days. Under greenhouse conditions, genotype 9H scored
the highest mean days of 117 while genotype Vulcano scored the lowest mean days of 46 about
a grand mean of 76 days. For the combined analysis, genotype 9H scored the highest mean
days of 100 while genotype GR 202 scored the lowest mean days of 49 about a grand mean of
73 days. Combined analysis of variance showed highly significant difference (P < 0.001) in

genotypes, environment, and genotype x environment interaction (appendix 3).

38



Table 12: Mean values for number of days to 50% flowering and fruiting of 17 pepper
genotypes grown under greenhouse and field conditions.

Days to 50% flowering Days to 50% fruiting

Environment Environment

Field Green H Mean Field Green H Mean
Genotype
7A 38 34 36 62 70 66
7E 40 34 37 66 60 63
9A 45 38 41 84 85 85
9B 41 32 36 63 60 62
9F 51 34 42 83 82 82
9H 50 97 73 83 117 100
Del H 33 32 32 64 85 74
Gal 44 71 58 74 91 83
GR 28 28 28 48 49 49
ICP 34 32 33 59 62 61
L18 73 83 78 90 97 94
LHC 48 65 56 85 93 89
MF 32 32 32 64 51 57
PM 43 36 39 83 90 86
Sal 42 39 40 72 100 86
Vul 31 30 31 59 46 53
Z-607 34 32 33 56 55 56
Grand M 41 44 43 70 76 73
LSD0.0s) 9.88 6.65 5.87 8.268 7.50 6.07
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4.3.3 Mean Days to First Fruit set in Pepper Genotypes

Mean days to first fruit set values are presented in Table 13. Under field conditions, genotype
Local Hot Chili scored the highest mean days of 62 while genotype GR 202 scored the lowest
mean days of 28 about a grand mean of 41days. Under greenhouse condition, genotype Legon
18 scored the highest mean days of 75 while genotype GR 202 scored the lowest mean days of
27 about a grand mean of 48. For the combined analysis, genotype 9H scored the highest mean
days of 65 while genotype GR 202 scored the lowest mean days of 28 about a grand mean of
44 days. Combined analysis of variance showed highly significant difference (P < 0.001) in
genotypes, environment, and genotype x environment interaction (appendix 3).

4.3.4 Mean Days to Ripening in Pepper Genotypes

Mean days to ripening value are presented in Table 13. Under field conditions, genotype
Salmon pepper scored the highest mean days of 87 while genotype Z-607 scored the lowest
mean days of 56 about a grand mean of days 73. Under greenhouse conditions, genotype 9H
scored the highest mean days of 108 while genotype Z-607 scored the lowest mean days of 57
about a grand mean of 84 days. For the combined analysis, genotype 9H scored the highest
mean days of 47 while genotype GR 202 recorded the lowest mean days of 57 about a grand
mean of 79 days. Combined analysis of variance showed highly significant difference (P <
0.001) in genotypes and environment, and significant difference (P = 0.03) in genotype X

environment interaction (appendix 3).
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Table 13: Mean values for days to first fruit set and ripening of 17 pepper genotypes
grown under greenhouse and field conditions.

Days to first fruit set Days to ripening

Environment Environment

Field Green H Mean Field Green H Mean
Genotype
7A 39 42 40 80 86 83
7E 43 46 44 73 80 77
9A 47 49 48 80 85 83
9B 40 40 40 76 72 74
9F 47 53 50 72 86 79
9H 49 81 65 85 108 97
Del H 32 41 37 64 89 76
Gal 44 66 55 79 96 88
GR 28 27 28 66 77 71
ICP 30 38 34 67 79 73
L18 46 75 61 81 93 87
LHC 62 68 65 81 103 92
MF 31 28 30 61 68 65
PM 47 40 44 73 81 77
Sal 46 57 52 87 102 95
Vul 32 33 33 65 69 67
Z-607 29 32 31 56 57 57
Grand M 41 48 44 73 84 79
LSDposy  12.96 11.19 8.37 9.678 12.45 7.87
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4.4 FRUIT QUALITY TRAITS OF PEPPER GENOTYPES

4.4.1 Mean Fruit Length of Pepper Genotypes (cm)

Mean fruit length values are presented in Table 14. Under field condition, genotypes 9F and
9A recorded same value of 2.4 cm as the shortest mean while genotype ICPN16#7 recorded
the longest mean value of 10.4 cm about a grand mean of 5.7 cm. Under greenhouse condition,
genotypes Salmon pepper and 9A recorded the same value of 2.4 cm as shortest means while
genotype ICPN16#7 recorded mean of 17.1 cm about a grand mean of 9 cm. For the combined
analysis, genotype 9A recorded the shortest mean of 2.4 cm while genotype ICPN16#7
recorded the mean of 13.8 cm about a grand mean of 7.3 cm. Combined analysis of variation
showed highly significant difference (P < 0.001) in genotypes, environment and genotype X
environment interaction (appendix 3).

4.4.2 Mean Fruit width of Pepper Genotypes (cm)

Mean fruit width values are presented in Table 14. Under field conditions, genotype Mayford
recorded the lowest mean value of 0.55 cm while genotype ICPN16#7 recorded the highest
mean value of 1.46 cm about a grand mean of 1.00 cm. Under greenhouse conditions, genotype
Local Hot Chili recorded lowest mean value of 0.62 cm while genotype ICPN16#7recorded
the highest mean value of 2.24 cm about a grand mean of 1.4 cm. For the combined analysis,
genotype Local Hot Chili recorded the lowest mean of 0.6 cm while genotype ICPN16#7
recorded the highest mean of 1.9 cm about a grand mean of 1.2 cm. Combined analysis of
variance showed highly significant difference (P < 0.001) in genotypes, environment and

genotype X environment interaction (appendix 3).
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Table 14: Mean values for fruit length and fruit width of 17 pepper genotypes grown
under greenhouse and field conditions.

Fruit Length (cm) Fruit Width (mm)

Environment Environment

Field Green H Mean Field Green H Mean
Genotype
7A 9.1 12.5 10.8 0.99 1.38 1.185
7E 6.7 11.8 9.25 0.96 1.35 1.155
9A 24 24 24 1.43 1.33 1.38
9B 2.9 5.9 4.4 0.63 0.74 0.7
9F 24 3 2.7 1.2 2.03 1.615
9H 6.9 8.9 7.9 0.95 0.85 0.9
Del H 7.8 12.7 10.25 0.8 1.63 1.215
Gal 6.1 9.8 8 1.03 1.68 1
GR 8.1 14.5 11.3 1.21 1.64 1.4
ICP 10.4 17.1 13.8 1.46 2.24 1.9
L18 5.6 8.4 7.0 0.95 0.97 1.0
LHC 3.3 2.8 3.1 0.49 0.62 0.6
MF 7.3 10 8.7 0.55 1.69 11
PM 2.5 4.2 3.4 1.2 1.63 14
Sal 2.8 24 2.6 1.43 0.87 1.2
Vul 5 12.9 9.0 1.06 2.03 1.5
Z-607 7 13.6 10.3 0.94 1.22 11
Grand M 5.7 9.0 7.3 1.0 1.4 1.2
LSD0.0s) 1.04 1.48 0.96 0.33 0.58 0.33
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4.4.3 Mean Fruit Wall Thickness of Pepper Genotypes (mm)

Mean fruit wall thickness values are presented in Table 15. Under field conditions, genotype
Vulcano recorded the lowest mean value of 0.03 mm while genotype 9B recorded the highest
mean value of 0.65 mm about a grand mean of 0.17 mm. Under greenhouse conditions,
genotype Local Hot Chili recorded lowest mean value of 0.05 mm while genotype Legon 18
recorded the highest mean value of 0.31 mm about a grand mean of 0.19 mm. For the combined
analysis, genotype Local Hot Chili recorded the lowest mean of 0.06 mm while genotype 9B
recorded the highest mean of 0.39 mm about a grand mean of 0.18 mm. Combined analysis of
variance showed highly significant difference (P < 0.001) in genotypes and genotype X
environment interaction but no significant difference in environment (appendix 3).

4.4.4 Mean Number of Seeds per Fruit in Pepper Genotypes

Mean number of seeds per fruit are presented in Table 15. Under field conditions, genotype 9B
recorded the lowest mean value of 26 while genotype ICPN16#7 recorded the highest mean
value of 69 about a grand mean of 48. Under greenhouse conditions, genotype Pari Mild
recorded lowest mean value of 20 while genotype ICPN16#7 recorded the highest mean value
of 100 about a grand mean of 57. For the combined analysis, genotype Pari Mild recorded the
lowest mean value of 26 while genotype ICPN16#7 recorded the highest mean value of 85
about a grand mean of 53. Combined analysis of variance showed highly significant difference

(P < 0.001) in genotypes, environment and genotype X environment interaction (appendix 3).
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Table 15: Mean values for fruit wall thickness and number of seeds per fruit of 17
pepper genotypes grown under greenhouse and field conditions.

FWT(cm) Number of Seeds per
Fruit
Environment Environment
Genotype Field Green H Mean Field Green H Mean
7A 0.12 0.21 0.17 68 87 78
7E 0.25 0.24 0.25 58 65 62
9A 0.11 0.06 0.09 39 22 31
9B 0.65 0.12 0.39 26 47 37
9F 0.07 0.06 0.07 36 38 37
9H 0.12 0.20 0.16 42 56 49
Del H 0.12 0.18 0.15 67 73 70
Gal 0.29 0.27 0.28 67 97 82
GR 0.19 0.23 0.21 54 62 58
ICP 0.17 0.28 0.23 69 100 85
L18 0.11 0.31 0.21 61 71 66
LHC 0.06 0.05 0.06 33 31 32
MF 0.11 0.14 0.13 28 83 56
PM 0.12 0.40 0.26 31 20 26
Sal 0.11 0.09 0.10 30 34 32
Vul 0.03 0.24 0.14 56 38 47
Z-607 0.27 0.07 0.17 58 41 50
Grand M 0.17 0.19 0.18 48 57 53
LSDoosy  0.052 0.212 0.11 9.5 7.53 6.1

FWT- fruit wall thickness
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45 YIELD QUALITY TRAITS RECORDED ON PEPPER GENOTYPES

4.5.1 Mean Number of Fruits per Plant in Pepper Genotypes

Mean number of fruit per plant values are presented in Table 16. Under field conditions,
genotype ICPN16#7 recorded the lowest mean number of 29 while genotype 9A recorded the
highest mean value of 180 about a grand mean of 77. Under greenhouse conditions, genotype
7E recorded lowest mean value of 36 while genotype 9F recorded the highest mean value of
152 about a grand mean of 81. For the combined analysis, genotype ICPN16#7 recorded the
lowest mean value of 35 while genotype 9F recorded the highest mean value of 152 about a
grand mean of 79. Combined analysis of variance showed highly significant difference (P <
0.001) in genotypes, but no significant difference in environment and genotype X environment
interaction (appendix 6).

4.5.2 Mean Yield (tons/ha) in Pepper Genotypes

Mean yield (tons/ha) values are presented in Table 16. Under field conditions, genotype 9B
recorded the lowest mean value of 0.9 tons/ha while genotype ICPN16#7 recorded the highest
mean value of 5.4 tons/ha about a grand mean of 2.9 ton/ha. Under greenhouse conditions,
genotype 9A recorded lowest mean value of 1.5 tons/ha while genotype ICPN16#7 recorded
the highest mean value of 23 tons/ha about a grand mean of 9.6 tons/ha. For the combined
analysis, genotype Local Hot Chili recorded the lowest mean value of 1.5 tons/ha while
genotype ICPN16#7 recorded the highest mean value of 14.2 tons/ha about a grand mean of
6.2 tons/ha. Combined analysis of variance showed highly significant difference (P <0.001) in

genotypes, environment and genotype X environment interaction (appendix 6).
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Table 16: Mean values for yield and number of fruits per plant of 17 pepper genotypes
grown under greenhouse and field conditions.

Number of Fruit per Yield ( tons/ha)

Plant

Environment Environment

Field Green H Mean Field Green H Mean
Genotype
7A ol 67 59 4.2 17.1 10.7
7E 35 36 36 2.7 6.3 4.5
9A 180 63 122 4.5 1.5 3.0
9B 52 72 62 0.9 3.2 2.1
oF 152 152 152 2.7 5.5 4.1
9H 40 60 50 1.8 5.2 35
Del H 45 112 79 2.5 17.3 9.9
Gal 32 94 63 3.5 194 114
GR 46 80 63 3.9 14.4 9.1
ICP 29 41 35 5.4 23.0 14.2
L18 76 83 80 4.8 8.3 6.5
LHC 136 135 136 1.2 1.8 1.5
MF 38 52 45 1.7 9.3 5.5
PM 161 107 134 2.6 3.6 3.1
Sal 161 101 131 2.2 4.0 3.1
Vul 32 46 39 2.3 10.0 6.2
Z-607 51 83 67 2.9 12.7 7.8
Grand M 7 81 79 2.9 9.6 6.2
LSDpos;, 1025 34.7 53.1 2.74 4.100 2.48
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4.6 POLYPHENOLIC CONTENT AND ANTIOXIDANT PROPERTIES OF PEPPER
GENOTYPES

4.6.1 Mean Content of Phenolic Acids in Pepper Genotypes (mg/100 ml)

Mean concentrations of gallic, vanillic and rosmarinic acids are presented in Table 17.

For gallic acid under field conditions, genotype Galaxy recorded the lowest mean value of 9.5
mg/100 ml while genotype 9F recorded the highest mean value of 18.5 mg/100 ml about a
grand mean of 13.7 mg/100 ml. Under greenhouse conditions, genotypes ICPN16#7 and
Galaxy recorded the same concentration of 7.8 mg/100 ml as lowest mean value while genotype
Pari Mild recorded the highest mean value of 18.8 mg/100 ml about a grand mean of 11.4
mg/100 ml. For the combined analysis, genotype Galaxy recorded 8.6 mg/100 ml as the lowest
mean value while genotypes Mayford and 9F recorded same concentration of 15.1 mg/100 ml
as highest mean value about a grand mean of 12.5 mg/100 ml. Combined analysis of variance
showed highly significant difference (P < 0.001) in genotypes, environment and genotype x
environment interaction (appendix 9).

For vanillic acid under field conditions, genotype Pari Mild recorded the lowest mean value of
8.3 mg/100 ml while genotype 9F recorded the highest mean value of 28.8 mg/100 ml about a
grand mean of 20.5 mg/100 ml. Under greenhouse conditions, genotypes ICPN16#7 and
Galaxy recorded the same concentration of 10.7 mg/100 ml as lowest mean value while
genotype Pari Mild recorded the highest mean value of 18.8 mg/100 ml about a grand mean of
16.6 mg/100 ml. For the combined analysis, genotype Galaxy recorded the lowest mean value
of 12.1 mg/100 ml while genotype 9F recorded the highest mean value of 22.9 mg/100 ml
about a grand mean of 18.6 mg/100 ml. Combined analysis of variance showed highly
significant difference ( P < 0.001) in genotypes, environment and genotype X environment

interaction (appendix 9).
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For rosmarinic acid under field conditions, genotype Pari Mild recorded the lowest mean value
of 6.5 mg/100 ml while genotype 9F recorded the highest mean value of 22 mg/100 ml about
a grand mean of 15.7 mg/100 ml. Under greenhouse conditions, genotypes ICPN16#7 and
Galaxy recorded the same concentration of 8.1 mg/100 ml as lowest mean value while genotype
Pari Mild recorded the highest mean value of 21.9 mg/100 ml about a grand mean of 12.6
mg/100 ml. For the combined analysis, genotype Galaxy recorded the lowest mean value of
9.1 mg/100 ml while genotype 9F recorded the highest mean value of 17.5 mg/100 ml about a
grand mean of 14.2 mg/100 ml. Combined analysis of variance showed highly significant
difference ( P < 0.001) in genotypes, environment and genotype X environment interaction

(appendix 9).
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Table 17: Mean values for gallic, vanillic, and rosmarinic acids of 17 pepper genotypes

grown under greenhouse and field conditions.

Garlic

acid(mg/100 ml)

Vallinic

acid(mg/100 ml)

Rosmarinic

acid(mg/100 ml)

Environment

Environment

Environment

Genotype Field GreenH Mean Field GreenH Mean Field GreenH Mean
7A 11.1 10.1 106 16.1 14.5 153 122 110 11.6
7E 13.2 11.5 123 20.1 16.7 184 153 12.7 14.0
9A 16.5 10.4 134 249 14.9 199 190 113 15.2
9B 15.1 12.7 13.9 22.7 18.8 20.7 172 143 15.8
9F 18.5 11.7 151  28.8 17.1 229 220 130 17.5
9H 12.3 13.1 12.7  18.2 20.0 191 135 147 14.1
Del H 15.7 8.1 119 236 11.1 174 180 84 13.2
Gal 9.5 7.8 8.6 13.4 10.7 121 101 81 9.1
GR 12.7 8.1 104 186 11.2 149 148 85 11.6
ICP 15.7 7.8 11.7 236 10.7 172 180 81 13.1
L18 13.4 12.1 12.7  20.5 17.3 189 151 134 14.2
LHC 15.8 11.8 13.8  23.7 17.5 206 194 132 16.3
MF 18.3 11.8 151 279 17.5 227 213 133 17.3
PM 6.7 18.8 128 8.3 28.8 185 6.5 21.9 14.2
Sal 15.3 8.1 11.7  23.2 11.1 172 180 84 13.2
Vul 9.4 16.3 129 139 25.4 196 105 194 14.9
Z-607 14.0 12.9 134 209 195 202 159 1438 154
Grand M 13.7 11.4 125 205 16.6 186 157 126 14.2
LSD o5y 1.870 1.81 1.37 1.96 242 1.75 207 171 1.45
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4.6.2 Lycopene Content in Genotypes (mg/100 ml)

Mean concentrations of lycopene are presented in Table 18. Under field conditions, genotype
Local Hot Chili recorded the lowest mean value of 0.03 mg/100 ml while genotype Mayford
recorded the highest mean value of 0.15 mg/100 ml about a grand mean of 0.07 mg/100 ml.
Under greenhouse condition, genotype Pari Mild recorded the lowest mean value of 0.05
mg@/100 ml while genotype 9F recorded the highest mean value of 0.4 mg/100 ml about a grand
mean of 0.16 mg/ 100 ml. For the combined analysis, genotype Hot Chili recorded the lowest
mean value of 0.06 mg/100 ml while genotype 9F recorded the highest mean value of 0.23
mg/100 ml about a grand mean of 0.12 mg/ 100 ml. Combined analysis of variance showed
highly significant difference ( P < 0.001) in environment but no significant for genotypes and
genotype X environment interaction (appendix 9).

4.6.3 Mean B Carotene Content in Genotypes (mg/100 ml)

Mean concentrations of lycopene are presented in Table 18. Under field conditions, genotypes
Local Hot Chili and L18 recorded the lowest mean value of 0.14 mg/100 ml while genotype
Vulcano recorded the highest mean value of 0.55 mg/100 ml about a grand mean of 0.28
mg/100 ml. Under greenhouse conditions, genotype Salmon pepper recorded the lowest mean
value of 0.03 mg/100 ml while genotype Delhi Hot recorded the highest mean value of 0.7
mg/100 ml about a grand mean of 0.20 mg/100 ml. For the combined analysis, genotype Local
Hot Chili recorded the lowest mean value of 0.10 mg/100 ml while genotype Delhi Hot
recorded the highest mean value of 0.5 mg/100 ml about a grand mean of 0.24 mg/100 ml.
Combined analysis of variance showed highly significant difference (P < 0.001) in genotypes,
significant difference in environment (P = 0.013) but no significant for genotypes and genotype

X environment interaction (appendix 9).
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Table 18: Mean values for lycopene and § carotene content of 17 pepper genotypes
grown under greenhouse and field conditions.

Lycopene(mg/100 ml) B carotene (mg/100 ml)

Environment Environment

Field Green H Mean Field Green H Mean
Genotype
7A 0.09 0.19 0.14 0.37 0.23 0.30
7E 0.06 0.18 0.12 0.27 0.08 0.18
9A 0.05 0.09 0.07 0.23 0.16 0.20
9B 0.05 0.14 0.10 0.24 0.06 0.15
9F 0.05 0.40 0.23 0.21 0.4 0.31
9H 0.07 0.12 0.10 0.24 0.05 0.15
Del H 0.07 0.14 0.11 0.30 0.7 0.50
Gal 0.09 0.11 0.10 0.33 0.06 0.20
GR 0.08 0.22 0.15 0.35 0.26 0.31
ICP 0.05 0.19 0.12 0.26 0.07 0.17
L18 0.04 0.12 0.08 0.14 0.07 0.11
LHC 0.03 0.09 0.06 0.14 0.05 0.10
MF 0.15 0.16 0.16 0.26 0.07 0.17
PM 0.13 0.05 0.09 0.32 0.4 0.36
Sal 0.06 0.12 0.09 0.24 0.03 0.14
Vul 0.11 0.25 0.18 0.55 0.35 0.45
Z-607 0.07 0.18 0.13 0.33 0.34 0.34
Grand M 0.07 0.16 0.12 0.28 0.20 0.24
LSD(0.05) 0.018 0.209 0.103 0.106 0.366 0.187
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4.6.4 Mean Total Flavonoid Content of Genotypes (RE/mg/100 ml)

Mean concentrations of total flavonoid are presented in Table 19. Under field conditions,
genotypes Delhi Hot and GR 202 recorded the same concentration of 0.22 RE/mg/100 ml as
the lowest mean value while genotype Pari Mild recorded the highest mean value of 0.79
RE/mg/100 ml about a grand mean of 0.392 RE/mg/100 ml. Under greenhouse conditions,
genotype Local Hot Chili recorded the lowest mean value of 0.22 RE/mg/100 ml while
genotype ICPN16#7 recorded the highest mean value of 0.65 RE/mg/100 ml about a grand
mean of 0.394 RE/mg/100 ml. For the combined analysis, genotypes Legon 18 and Galaxy
recorded same concentration of 0.24 RE/mg/100 ml as the lowest mean value while genotype
Vulcano recorded the highest mean value of 0.61 RE/mg/100 ml about a grand mean of 0.393
mg/100 ml. Combined analysis of variance showed highly significant difference (P < 0.001) in
genotypes and genotype x environment interaction but no significant difference in environment
(appendix 9).

4.6.5 Mean of Antioxidant Activity in Pepper Genotypes

Mean concentrations of antioxidant activity are presented in Table 19. Under field conditions,
genotype 7A recorded the lowest mean value of 0.92 mg/ml while genotype Galaxy recorded
the highest mean value of 1.96 mg/ml about a grand mean of 1.29 mg/100 ml. Under
greenhouse conditions, genotype 7A recorded the lowest mean value of 0.64 mg/ml while
genotype Legon 18 recorded the highest mean value of 1.65 mg/ml about a grand mean of 1.11
mg/100 ml. For the combined analysis, genotype 7A recorded the lowest mean value of 0.78
mg/ml while genotype Salmon Pepper recorded the highest mean value of 1.69 mg/ml about a
grand mean of 1.20 mg/100 ml. Combined analysis of variance showed no significant

difference (appendix 9).
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Table 19: Mean values for total flavonoids and antioxidant activity of 17 pepper
genotypes grown under greenhouse and field conditions.

Total flavonoid (RE/mg/100 ml) ICso Values (mg/ml)

Genotype Field Greenhouse Mean Field Greenhouse Mean
7A 0.24 0.42 0.33 0.92 0.64 0.78
7E 0.24 0.33 0.29 1.02 0.90 0.96
9A 0.58 0.49 0.54 1.22 1.60 141
9B 0.26 0.26 0.26 1.78 1.24 1.51
9F 0.53 0.51 0.52 1.3 1.04 1.17
9H 0.23 0.31 0.27 1.11 1.30 1.21
Del H 0.22 0.33 0.28 1.03 1.03 1.03
Gal 0.26 0.22 0.24 1.96 0.77 1.37
GR 0.22 0.5 0.36 0.95 1.32 1.14
ICP 0.25 0.65 0.45 1.11 0.99 1.05
L18 0.25 0.23 0.24 1.28 1.65 1.47
LHC 0.45 041 0.43 1.25 1.19 1.22
MF 0.68 0.33 0.51 1.43 0.83 1.13
PM 0.79 0.33 0.56 1.09 1.19 1.14
Sal 0.61 0.43 0.52 1.76 1.61 1.69
Vul 0.63 0.59 0.61 1.63 0.90 1.27
Z-607 0.23 0.36 0.30 1.09 0.71 0.90
Grand M 0.392 0.394 0.393 1.29 111 1.20
LSD0.0s) 0.150 0.099 0.088 * * 6

* -not comparable
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4.7 BROAD SENSE HERITATABILTY AND VARIANCE COMPONENTS OF
TRAITS

4.7.1 Broad Sense Heritability and Variance Components of Quantitative Agro-
Morphological Traits of Genotypes

Genetic variability and broad sense heritability were estimated in all the genotypes for all
quantitative agro-morphological traits studied. These are presented in Tables 20, 21 and 22

respectively for field, greenhouse, and the combined effect of both environments.

4.7.1.1 Broad Sense Heritability and Variance Components of Quantitative Agro-
Morphological Traits of Genotypes under Field Conditions.

Genetic advance by percentage mean ranged from 17.68% to 166.62%. Fruit wall thickness
had the highest value of 166.62% while plant height had the least value of 17.68%. Genotypic
co-efficient of variation (GCV %) ranged from 11.40% to 82.8 % and phenotypic co-efficient
of variation (PCV %) also ranged between 13.89% and 97.08%. Phenotypic coefficient of
variation (PCV %) values were higher than genotypic coefficient of variation (GCV %) for all
the traits. Heritability values for the traits ranged between 21.49% and 95.26%. Fruit wall

thickness (FWT) recorded the highest of 95.26% and the least of 21.49% for yield (ton/ha).
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Table 20: Variance components and broad sense heritability of quantitative agro-
morphological traits under Field Conditions

Trait % o2 % h2(%) GCV  PCV (%) GA (%)
(%)

DTF 24.71 145313  170.023 85.47 17.16 18.56 32.68
DtF 35.28 98.450 133.730 73.62 23.91 27.87 42.27
FFS 60.74 64.003 124.743 51.31 19.61 27.37 28.93
DFR 33.86 69.817 103.677 67.34 11.40 13.89 19.27

FL 0.393 6.470 6.863 94.27 44.62 45.96 89.26
FW 0.039 0.072 0.112 64.67 26.35 32.76 43.65
FWT 0.001 0.020 0.021 95.26 82.87 84.90 166.62

NOS 32.96 240.107  273.067 87.93 32.28 34.43 62.36
NOF 3801 1787.333 5588.333 31.98 54.91 97.08 63.96

YTH 2.703 0.740 3.443 21.49 29.45 63.54 28.12
SG 0.022 0.020 0.042 46.92 16.70 24.38 23.57
PH 74.27 53.443 127.713 41.85 13.27 20.51 17.68

NOL 4467 8987.333 13454.333 66.80 31.50 38.54 53.03
CWwW 87.42 62.757 150.177 41.79 17.04 26.35 22.69
CCF 95.17 522.257  617.427 84.59 30.23 32.87 57.27
CCH 360 460.700  820.700 56.14 38.33 51.16 59.16

4.7.1.2 Broad Sense Heritability and Variance Components of Quantitative Agro-
Morphological Traits of Genotypes under Greenhouse Conditions

The highest genetic advance by percentage mean was also recorded for yield (ton/ha) with a
value of 130.82%. The least value for genetic advance by percentage mean was 27.24%
recorded for mean number of days to ripening. Stem girth was non-significant for genetic
advance. Genotypic coefficient of variation (GCV %) ranged from 15.30 % to 67.94 % while
phenotypic coefficient of variation (PCV %) was from 17.69% to 80.31%. Stem girth was non-

significant for genotypic coefficient of variation (GCV %). Phenotypic coefficient of variation
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(PCV %) was higher among all the traits than genotypic coefficient of variation (GCV %). For
all the traits, heritability ranged from 23.17% to 96.94%. Number of seeds per fruit had the
highest value (96.96%) and the least value (23.17%) was recorded for mean fruit wall

thickness. Stem girth recorded a non-significant value.

Table 21: Variance components and broad sense heritability of quantitative agro-
morphological traits under Greenhouse Conditions.

Trait % o2 % h2(%) GCV PCV (%) GA (%)
(%)

DTF 20.35 429.10 449.45 95.47 27.21 27.85 54.78
DtF 16.00 433.89 449.89 96.44 47.38 48.25 95.86
FFS 45.32 252.91 298.23 84.80 33.15 35.99 62.88
DFR 56.01 165.88 221.89 74.76 15.30 17.69 27.24

FL 0.79 22.40 23.19 96.60 52.58 53.50 106.46
FW 0.12 0.19 0.31 61.28 30.85 39.42 49.75
FWT 0.02 0.00 0.02 23.17 36.87 76.59 36.56

NOS 20.50 649.13 669.63 96.94 44.82 45.53 90.91
NOF 435.50 915.30 1350.80 67.76 37.35 45.37 63.34

YTH 6.08 42.09 48.17 87.38 67.94 72.67 130.82
SG 0.77 0.00 0.75 0.00 0 80.31 0
PH 78.49 732.08 810.57 90.32 22.14 23.30 43.35

NOL 425.00 11154.37 11579.37 96.33 33.32 33.95 67.36
CwW 87.72 649.21 736.93 88.10 26.21 27.93 50.68
CCF 11.37 70.61 81.98 86.13 26.74 28.81 51.11
CCH 72.11 518.26 590.37 87.79 39.66 42.33 76.55
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4.7.1.3 Broad Sense Heritability and Variance Components of Quantitative Agro-
Morphological Traits of Genotypes (combined).

Genetic advance by percentage mean ranged from 0 % to 87.81 %.The highest was recorded
in fruit length (FL) with the value 87.81%. The least of 0 % was also recorded in the trait fruit
wall thickness. Genotypic coefficient of variation (GCV %) ranged from 10.88 % (for number
of leaves per plant) to 45.80% (for fruit length). Genotypic coefficient of variation was
negligible for fruit wall thickness. Phenotypic coefficient of variation (PCV %) ranged from
13.78% to 59.47%. Phenotypic co-efficient of variation (GCV %) in all traits was higher than
the Genotypic co-efficient of variation (GCV %) reflecting the environmental component of
the phenotypic coefficient of variation. Heritability and genetic variability in all traits were
determined from the combined result of the greenhouse and the field on quantitative agro-
morphological traits of the genotypes. Heritability ranged from 1.20% to 87.20%. Number of
days to ripening recorded the highest heritability of 87.20% while the lowest of 1.20% was

recorded for stem girth. Heritability was negligible for the trait fruit wall thickness.
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Table 22: VVariance components and broad sense heritability of quantitative agro-
morphological traits (Combined)

Trait % o2 % h2(%)  GCV PCV (%) GA (%)
(%)

DTF 27.74 210.442  252.58 83.32 19.82 21.71 37.27
DtF 25.94 159.680  217.20 73.52 29.57 34.49 52.23
FFS 52.83 117.098  146.62 79.87 24.38 27.28 44.89
DFR 46.62 102.692  117.76 87.20 12.87 13.78 24.75

FL 0.70 11.177 12.90 86.62 45.80 49.21 87.81
FW 0.08 0.057 0.11 53.47 19.80 27.07 29.82
FWT 0.01 0 0.01 0 0 47.21 0

NOS 27.68 266.367  359.95 74.00 30.79 35.80 54.57
NOF 2119.00 1052.667 1555.00 67.70 41.07 49.92 69.61

YTH 4.65 4.662 13.77 33.86 34.60 59.47 41.48
SG 0.3864 0.0008 0.06685 1.20 2.957 26.93 0.66
PH 73.81 149.063  283.64 52.55 13.78 19.00 20.57

NOL 2489.00 1129.333 6007.67  18.80 10.88 25.08 9.71

CWwW 86.84 101.362  243.27 41.67 14.02 21.71 18.64
CCF 54.78 182.597  248.39 73.51 25.26 29.46 44.61
CCH 226.70 399.133  480.32 83.10 35.24 38.65 66.17

4.7.2 Broad Sense Heritability and Variance Components for phytochemical Traits and
ICso for the Genotypes

Broad sense heritability and genetic variability were estimated in all genotypes for antioxidant
properties studied. These are presented in Table 23, 24 and 25 respectively for field,

greenhouse, and the combined effect of both environments (combined).
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4.7.2.1 Broad Sense Heritability and VVariance Components for Phytochemical Traits and
ICso for the Genotypes under Field Conditions

Genetic advance by percentage mean ranged from 0.00% to 23.18%. Total flavonoid
(Flavonoid) had the highest of 23.18% while the least of 0.00% was in ICso. Genotypic
coefficient of variation (GCV %) ranged from 22.86% to 49.33%. Phenotypic co-efficient of
variation (PCV %) ranged from 24.29% to 54.50%. Phenotypic co-efficient of variation (PCV
%) were higher than genotypic co-efficient of variation (GCV %) except in ICso where both
parameters had the same value (24.43% in each case). Heritability for phytochemical traits
under field conditions ranged from 65.34% to 100%. The ICso value was the highest while

heritability for B carotene was 65.3%, the lowest.

Table 23: Variance components and broad sense heritability for phytochemical traits
and 1Cso of genotypes under field conditions

Traits o% o% c%p h? (%) GCV PCV GA (%)
BC 0.004 0.008 0.012 65.34 31.35 38.79 22.83
LC 0.000 0.001 0.001 89.25 45.16 47.80 15.67
FC 0.008 0.037 0.045 81.92 49.33 54.50 23.18
ICso 0.000 0.099 0.099 100.00 24.43 24.43 50.25
VA 1.392 28.159 29.551 95.29 25.89 26.52 5.76
GA 1.264 9.822 11.086 88.60 22.86 24.29 8.20
RA 1.556 16.642 18.198 91.45 25.98 27.17 7.95

60



4.7.2.2 Broad Sense Heritability and VVariance Components for Phytochemical traits and
ICso of Genotypes under Greenhouse Conditions

The genetic advance by percentage mean varied from 9.83 % (lycopene) to 73.82% (B
carotene). The genotypic coefficient of variation (GCV) ranged from 19.63% to 68.08% while
the phenotypic coefficient of variation (PCV) was from 27.88% to 129.33%. The phenotypic
coefficient of variation (PCV %) was higher for the phytochemical traits except I1Cso value
which was 28.32% in both cases. Heritability among the antioxidants ranged from 5.91% to
100%. The highest of 100% was recorded in 1Csg value while the least value of 5.91% was in

Lycopene content.

Table 24: Variance components and broad sense heritability for phytochemical traits
and ICso of genotypes under Greenhouse conditions

Traits o% o2 o2 h? (%) GCV PCV (%) GA (%)
(%)

BC 0.048 0.019 0.067 27.71 68.08 129.33 73.82
LC 0.016 0.001 0.017 591 19.63 80.78 9.83
FC 0.004 0.014 0.017 79.45 30.01 33.66 55.10
ICs0 0.000 0.099 0.099 100.00 28.32 28.32 58.33
VA 2.111 25.429 27.540 92.33 30.32 31.56 60.02
GA 1.181 8.848 10.029 88.22 26.18 27.88 50.66
RA 1.058 14.887 15.945 93.36 30.62 31.69 60.95
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4.7.2.3 Broad Sense Heritability and VVariance Components for Phytochemical Traits and
ICs0 in Genotypes (combined)

Genetic advance by percentage mean ranged from 6.79 % to 52.18%. B carotene (B caro) had
the highest and ICso the lowest with 52.18% and 6.79% respectively. Genetic advance by
percentage was non-significant in vanillic, gallic and rosmarinic acids. Genotypic co-efficient
of variation (GCV %) showed non-significant values in lycopene, vanillic, gallic and
rosmarinic acids. The lowest value recorded was 7.99% (IC s0) and the highest 35.71% (j
carotene). For phenotypic co-efficient of variation, the highest of 50.36% (B carotene) was
recorded and the least was 13.20% (gallic acid). The phenotypic coefficient of variation (PCV
%) had higher values than the genotypic co-efficient of variation (GCV %). Heritability and
genetic variability for all the antioxidant constituents were determined from the combined data
under greenhouse and field conditions. Heritability ranged from 17.00% to 50.30%. The
highest occurred for p carotene and the lowest for ICso. Vanillic, gallic and rosmarinic acids

had non-significant heritability.
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Table 25: Variance components and broad sense heritability for phytochemical traits
and 1Cso of genotypes (Combined)

Traits % % % h2(%)  GCV PCV (%) GA (%)
(%)

BC 0026  0.007 0.015 50.30 3571 5036  52.18

LC 0008 0 0.002 0 0 3466 0

FC 0.006  0.006 0.016 34.16 1923 3290  23.15

ICso 0 0.009 0.054 17.00 7.99 1939  6.79

VA 2305 0 7.677 0 0 1493 0

GA 1418 0 2.735 0 0 1320 0

RA 1583 0 4534 0 0 1505 0

48 ESTIMATION OF CORRELATION COEFFICIENT AMONG PEPPER
GENOTYPES

4.8.1 Estimation of Correlation Coefficient among Pepper Genotypes under Field
Conditions

The results for estimates of correlation coefficients for twelve traits among the pepper
genotypes under field condition are presented in Table 26. There was highly significant and
positive correlation between number of days to 50% flowering (0.764) and number of days to
50% fruiting. Positive and highly significant correlation was observed between days to first
fruit ripe (0.526) and days to 50% flowering as well as with days to 50% fruiting (0.570).
Days to first fruit set had high significant and positive correlation with days to 50% flowering
(0.561), days to 50% fruiting (0.703), and days to first fruit ripe (0.627). Fruit length had a

significant and positive correlation with days to 50% flowering (0.332), days to 50% fruiting
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(0.483), days to first fruit ripe (0.287) but was significant and negatively correlated with days
to first fruit set (-0.475). Lycopene content of pepper genotypes was significant and
positively correlated with days to 50% fruiting (0.368) but negatively correlated with gallic
acid content (-0.290). Antioxidant activity (I1Cso) value was observed to be significant and
negatively correlated with fruit length (-0.424). Total flavonoid content showed significant
and positive correlation with lycopene content (0.453), days to 50% fruiting (0.296) but
negatively associated with fruit length (-0.545). Number of fruits per plant showed significant
and positive association with total flavonoid content (0.422), days to 50% flowering (0.394),
days to first fruit set (0.350), days to first fruit ripe (0.337), fruit width (0.321) but negatively
correlated with fruit length (-0.567). There was significant and a positive correlation between
yield (tons/ha) and fruit width (0.469), number of fruits per plant (0.364), and fruit length
(0.281).

Under field conditions, correlations for most of the traits studied were significant but they
ranged from low (0.281) to moderate (0.627). However, a few showed strong correlations

(from 0.703 to 0.764).
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Table 26: Estimates of Correlation Coefficients of Twelve Traits in Pepper Genotypes under Field Conditions

Variables DtF DTF DFR FFS FL FW GA LC 1C50 FC NOF YTH
DtF -

DTF 0.764

DFR 0.526  0.57

FFS 0.561  0.703  0.627

FL -0.332 -0.483 -0.287 -0.475

FW 0.007 0011 0257 0.132 0.004

GA 0.004 0.055 0.045 0.064 0.007 0.067

LC -0.368 0.186  0.237 0275 0.174 0.016

1C50 0.107# 0.109 0.234 0132 -0424 0.058 0.006 0.062

FC 0.022 029  0.04 0.172  -0545 0.165 0.019 0453 0.249

NOF 0.241 0394 0337 035 -0.567 0.321 0.138 0.092 0.029 0.422

YTH 0.098 0.064 0.041 0214 0281 0469 0007 0087 0237 -0.164 0364 -

Values in bold are different from 0 at the 0.05 level of significance. DtF = days to 50 % flowering, DTF = days to 50% fruiting, DFR
= days to first fruit ripe, FFS= days to first fruit set, FL = fruit length, FW= fruit width, GA = gallic acid content, LC = lycopene
content, 1Cso value, FC = total flavonoid content, NOF = number of fruits, YTH = yield (ton/ha)
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4.8.2 Estimation of Correlation Coefficients among Pepper Genotypes under Greenhouse
Conditions

The results for estimates of correlation coefficients among twelve traits in the pepper genotypes
under greenhouse conditions are presented in Table 27. Positive and highly significant correlation
was observed between days to 50% fruiting and days to 50% flowering (0.722). Days to first fruit
ripe showed highly significant and positive correlation with days to 50% flowering (0.641) and
fruiting (0.808). There was highly significant and positive association between first fruit set and
days to 50% flowering (0.857), days to 50% fruiting (0.827) and days to first fruit ripe (0.708).
Fruit length was significant and positively correlated with days to 50% fruiting (0.553), days to
first fruit ripe (0.404) but negatively associated with days to first fruit set (-0.428). Positive and
significant association was observed between fruit width and days to 50% flowering (0.423), days
to 50% fruiting (0.371), fruit length (0.397), days to first fruit ripe (0.397) but negatively correlated
with first fruit set (-0.404). Lycopene content was significant and positively correlated with days
to 50 % fruiting (0.286). Antioxidant activity (ICso value) was observed to be significant and
positively associated with days to 50% flowering (0.315), days to 50% fruiting (0.504), days to
first fruit ripe (0.420), days to first fruit set (0.409), but negatively associated with fruit length (-
0.551), and fruit width (-0.391). Total flavonoid content showed positive and significant
correlation with days to 50 % flowering ( 0.446), fruit width (0.467), days to 50% fruiting (0.467)
but negatively correlated with days to first fruit set (-0.348). There was positive and significant
association for number of fruits per plant and days to 50% fruiting (0.390), days to first fruit ripe

(0.321) but negatively associated with fruit length (-0.466).
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Table 27: Estimates of Correlation Coefficients of Twelve Traits in Pepper Genotypes under Greenhouse Conditions

Variables DtF DTF DFR FFS FL FW GA LC IC50 FC NOF YTH
DtF -

DTF 0.722

DFR 0.641  0.808

FFS 0.857 0.827  0.708

FL 0.215 0553 0404 -0.428

FW 0423 0371 0329 -0.404 0.397

GA 0.024 0.034 0254 -0.07 -0.234  -0.063

LC 0195 0286 0.183 -0.159 0.159  0.02 -0.079

IC50 0315 0.504 042 0.409 -0.551 -0.391 -0.036 -0.207

FC 0.446 0337 0198 -0.348 0.161 0467 -0.109 0.204 -0.023

NOF 0.091 03% 0321 0216 -0.466 -0.162 -0.055 0.231 0.134 -0.125

YTH 0.154 0298 0.163 -0.287 0.785 0464 -0504 0119 -0529 0.153 -0.069 -

Values in bold are different from 0 at the 0.05 level of significance level. DtF = days to 50 % flowering, DTF = days to 50% fruiting,
DFR = days to first fruit ripe, FFS= days to first fruit set, FL = fruit length, FW= fruit width, GA = gallic acid content, LC = lycopene
content, 1Cso value, FC = total flavonoid content, NOF = number of fruits, YTH = yield (ton/ha)
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4.8.3 Estimation of Correlation Coefficients among Pepper Genotypes (Combined)

The results for estimates of correlation coefficients among twelve traits of the pepper genotypes
(combined) are presented in Table 28. Days to 50% fruiting showed highly significant and positive
association with days to 50% flowering (0.732). Positive and highly significant correlation was
observed between days to first fruit ripe, days to 50% fruiting (0.731) and days to 50% flowering
(0.705). Days to first fruit set showed highly significance and positive correlation with days to 50
% flowering (0.770), days to 5% fruiting (0.797), and days to first fruit ripe (0.705). There was
significant and positive correlation with fruit length and days to 50% fruiting (0.414) but
negatively correlated with days to first fruit set (-0.291). Fruit width showed significant and
positive correlation with fruit length (0.408) and days to 50% flowering (0.261). Significant and
positive correlation was observed for gallic acid content and days to first fruit ripe (0.277) but
negatively correlated with fruit length (-0.262). There was significant and positive correlation
with lycopene content and fruit length (0.302) but negatively associated with (-0.240) gallic acid
content. Antioxidant activity (ICso value) showed significant and positive association with days to
50% flowering ( 0.201), days to 50% fruiting (0.277), days to first fruit set (0.204), but negatively
associated with fruit length (-0.539), fruit width (-0.337), and lycopene content (-0.232). Total
flavonoid content was significant and positively correlated with days to 50% flowering (0.214)
and fruit width (0.263). there was significant and positive correlation with number of fruits per
plant and days to 50% fruiting (0.336), days to first fruit ripe (0.279), total flavonoid content
(0.291), days to first fruit set (0.252) but negatively associated with fruit length (-0.377). Yield
(tons/ha) was highly significant and positively associated with fruit length (0.756). Yield (tons/ha)

also showed highly significant and positive correlation with fruit width (0.562), significant and
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positive for lycopene content (0.318) but negatively correlated with antioxidant activity (-0.478)

and gallic acid content.
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Table 28: Estimates of Correlation Coefficients of Twelve Traits in Pepper Genotypes under Field Conditions

Variables DtF DTF DFR FFS FL FW GA LC IC50 FC NOF YTH
DtF -

DTF 0.732

DFR 0.583 0.731

FFS 0.77 0.797  0.705

FL 0.191 0414 0149 -0.291

FW 0.261 0172 0.03 -0.192  0.408

GA 0.014 0.056 0.277 -0.145 -0.262 -0.192

LC 0.158 0.159 0.023 -0.041 0.302 0.183 -0.240

1IC50 0201 0277 0.186 0.204 -0539 -0.337 0.078 -0.232

FC 0.214 0.015 0.059 -0.072 -0.134 0.263 -0.027 0.186 0.134

NOF 0142 0336 0279 0252 -0377 0.094 0057/ 0.08 0.048 0.291

YTH 0.056 0114 0.129 -0.075 0.756 0562 -0.453 0318 -0.478 0.038 0.065 -

Values in bold are different from 0 at the 0.05 level of significance. DtF = days to 50 % flowering, DTF = days to 50% fruiting, DFR
= days to first fruit ripe, FFS= days to first fruit set, FL = fruit length, FW= fruit width, GA = gallic acid content, LC = lycopene
content, 1Cso value, FC = total flavonoid content, NOF = number of fruits, YTH = yield (ton/ha)
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CHAPTER FIVE

5.0 DISCUSSION

5.1 VEGETATIVE TRAITS

5.1.1 Mean Plant Height of Pepper Genotypes

Plant height under field conditions ranged from 34.57 cm to 65.63 cm. This is in agreement with
the findings of Nkansah et al. (2011) who observed a range from 32.1 cm to 68 cm. Mean plant
height also ranged from 64.40 cm to 163.30 cm under greenhouse condition. The range however
differed from the findings of Gomez-Guillamon and Cuartero, (1987). A wider range for plant
height obtained under greenhouse conditions might be due to shade effect in the greenhouse. In
general, plants in greenhouses grow taller than in the field. Taller capsicum species go with high
cost of production from staking and makes harvesting difficult. Breeding for shorter and less
support-dependent varieties is economical (Gomez-Guillamon and Cuartero, 1987) since lower
height could influence a plant’s ability to resist lodging (Nkansah et al., 2011). The genotype 9B
which was the shortest under greenhouse as well as combined environment could be ideal for
production under greenhouse condition because of its height advantage. It could also serve as a

parent for breeding varieties resistant to lodging.

5.1.2 Mean Canopy Width

Among the genotypes, the mean canopy width ranged from 20.03 cm to 64.33 cm. This finding is
not in agreement with the findings of Nkansah et al. (2011) who observed a range of 41.71 cm to
59.82 cm. Under greenhouse conditions, the genotypes had a wider range of canopy width than in
the field. This could be attributed to the controlled climate in the greenhouse. Fitter and Hay

(2002), stated that the maximum growth rate in plants is obtained when its environment is
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manipulated to remove all constraints in growth. This implies that when optimum environmental
influences required by plants are provided, the genetic influence is highly facilitated.

5.1.3 Mean Number of Leaves per Plant

The highest number of leaves produced in the genotypes under greenhouse conditions occurred in
Galaxy and it was higher than the number produced under field conditions. On the other hand,
Galaxy recorded the lowest number of leaves under field conditions indicating high genotype x
environment interaction in Galaxy. Energy and resources needed for structural build-up in plants
are obtained through photosynthesis. The main organ responsible for this process is the leaf (Lenis
etal., 2006). According to Lahai et al., (2013), leaves number per plant corresponds to the quantum
of photosynthate produced and subsequently the yield. Thus, the higher number of leaves recorded
among genotypes under greenhouse conditions than the field could be the reason for higher yields
under greenhouse conditions.

5.1.4 Mean Stem Girth

Under field conditions, the range for stem girth of genotypes (0.45 cm to 1.1 cm) agrees with the
findings of Berhanu et al., (2011) who reported a range from 0.72 cm to 1.24 cm. A range of 0.73
cm - 2.88 cm was recorded in the genotypes under greenhouse conditions. This was not consistent
with the range reported by Perez-Grajeles et al. (2004) and Nsabiyera et al. (2013). The higher

range under greenhouse conditions could be attributed to environmental influence.

5.2 Mean Chlorophyll Content

5.2.1 Mean Chlorophyll Content at Flowering Stage

The range of values for chlorophyll content in genotypes under field conditions ranged from 40.8
nm to 127.6 nm. This was higher than the findings of Ibrahim and Jaafar (2011) under field

conditions. The values recorded under greenhouse conditions also ranged from 18.2 nm to 47 nm
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in this study. Again, the findings of Ibrahim and Jaafar (2011) under greenhouse conditions were
lower than in the current study. The higher range of chlorophyll content recorded under field
conditions than in the greenhouse in this study could be attributed to their exposure to more solar
energy than those under greenhouse conditions. According to Karpinski et al. (1997) most plants
under open field conditions receive more solar energy than the greenhouse.

5.2.2 Mean Chlorophyll Content at Harvest

Chlorophyll content ranged from 26.7 nm to 116.3 nm under field conditions. The findings under
field conditions were not in agreement with the findings of Kopsell et al. (2005). Under greenhouse
conditions, chlorophyll content ranged from 21.7 nm to 96.1 nm. The range reported by Abu-
Zahra (2012) was within the findings under greenhouse conditions reported in this study. The
difference in the chlorophyll content under field and greenhouse environments might be due to the

variation in the microclimate (Ibrahim and Jaafar, 2011).

5.3 REPRODUCTIVE TRAITS

5.3.1 Mean Days to 50% Flowering

The number of days to 50% flowering ranged from 28 days to 73 days among genotypes under
field conditions. This was similar to the range reported by Pandit and Adhikary (2014). Under
greenhouse condition, the days to 50% flowering ranged from 28 days to 97 days. The earliest
genotype to flower (GR 202) recorded the same number of days to 50 % flowering under both
environments. This could be attributed to a greater genetic influence than the environment. It has
been reported in many crops that duration to flowering is strongly influenced genetically (Rahman
and Bahl, 1986; Thurling and Ratinam, 1989). The genotypes GR 202, Vulcano, and Delhi Hot

recording the earliest mean days to 50% flowering could be considered in breeding for earliness.
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5.3.2 Mean Days to First Fruit Set in Pepper Genotypes

Days to first fruit set ranged from 28 days to 62 days under field conditions. This was consistent
with the findings of Osei (2013). The results followed the same trend as in 50% flowering except
in the result under field conditions where Local Hot Chili was the last to flower instead of Legon
18. Hence, it might be possible to predict earliness to 50% fruit set from earliness in first flowering.
5.3.3 Mean Days to 50% Fruiting in Pepper Genotypes

The lowest and highest number of days to 50% fruiting in the field was from 48 days to 90 days
recorded in GR 202 and Legon 18 respectively while under greenhouse condition Vulcano ( 46
days) was the earliest and 9H ( 117 days) the latest. This indicates high genotype x environment
interaction for earliness in fruiting. The similarity between earliness to 50% flowering and 50%
fruiting exhibited by GR 202 would suggest that the same gene or gene complexes control earliness
to flowering and earliness to fruiting. It has been reported that time of flowering influences fruit
set and yield (Ishiyaku et al., 2005; Ferrara et al., 2011). The genotypes GR 202, Vulcano and Z-
607 were the earliest to attain days to 50% fruiting. These genotypes therefore, could be selected
for improvement in Capsicum species for early fruiting or may be directly used for production
since getting rid of undesirable genotypes through selection is an essential tool in breeding for

improvement in plant attributes (Idahosa et al., 2010).

5.3.4 Mean Days to First Fruit Ripening in Pepper Genotypes

Number of days to first fruit ripening under field conditions (56 days to 87 days) was not in
agreement with the report of Hasanuzzaman et al. (2012). The number of days to first fruit ripening
under greenhouse conditions (57 days to 108 days) was longer than under field conditions. This

may be attributed to differences in environmental conditions including temperature and insolation.
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54 FRUIT QUALITY TRAITS

5.4.1 Mean Fruit Length of Pepper Genotypes

Fruit length among genotypes ranged from 2.4 cm to 10.4 cm under field conditions. This covers
the range reported by Hasanuzzaman et al. (2012) but is not consistent with the report of Berhanu
et al. (2011). Under greenhouse conditions, the genotypes recorded fruit length range from 2.4
cm to 17.1 cm. The variability for this trait among genotypes could be attributed to genetic
differences among them as well as genotype x environment interaction. Weiss (1971) reported that
fruit length in Capsicum species is genetically controlled by polygenes. Genotypes ICPN16#7, GR
202 and 7A had the longest mean fruit length from the combined data. These genotypes could be
selected for production to meet the needs of consumers who prefer large and long fruits.

5.4.2 Mean Fruit Width of Pepper Genotypes

Under field conditions, fruit width recorded in genotypes ranged from 0.55 cm to 1.46 cm. The
ranges reported by Nkansah et al. (2011) and Nsabiyera et al., (2013) were consistent with this
findings. However, fruit width reported by Fonseca et al. (2008) was not consistent with these
findings. Fruit width of genotypes under greenhouse conditions ranged from 0.62 cm to 2.24 cm.
The genotype ICPN16#7 had the largest fruit width under both field and greenhouse conditions.
This might be due to high genetic influence. The genotype ICPN16#7 could therefore be
recommended for breeding and production purposes where large fruits are desired. However, the
relatively higher performance under greenhouse conditions than the field suggests a better
environmental conditions under the greenhouse than the field which implies the importance of

genotype X environment interaction.
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5.4.3 Mean Fruit Wall Thickness of Pepper Genotypes

The fruit wall thickness recorded in the genotypes had a range of 0.03 mm to 0.65 mm under field
conditions. The range reported by Berhanu et al. (2011) was in agreement with the results obtained
but the report of Seleshi (2011) varies from the results of this study. Under the greenhouse
condition, fruit wall thickness ranged from 0.05 mm to 0.31 mm. From the combined data, the
thickest fruit walls were recorded in the genotypes; ICPN16#7, 9F and Vulcano. These genotypes
with thick fruit walls could have higher dry matter, a quality preference for dry pepper / processed
pepper. Thus, they could be considered for selection towards production if the thick fruit wall can
be translated to higher yield in powdered or pureed pepper.

5.4.4 Mean Number of Seeds per Fruit of Pepper Genotypes

The number of seeds per fruit recorded in the genotypes varied from 26 to 69 under field
conditions. The results are not consistent with the range reported by Nkansah et al. (2011). A range
of 20 to 100 seeds per fruits was recorded in genotypes under greenhouse conditions. The highest
seeds per fruit recorded in genotype ICPN16#7 under both environments might be from genetic
influence. The highest number of seeds recorded in ICPN16#7 may reflect a higher pungency since
capsaicin which accounts for this occurs at the placenta where the seeds attach to the fruit. Again,
higher number of seeds recorded in almost all genotypes under greenhouse conditions than the
field might be due to the larger width of fruit recorded in genotypes in the greenhouse than the

field and better pollination and fertility under greenhouse conditions.

55YIELD QUALITY TRAITS
5.5.1 Mean Number of Fruits per Plant in Pepper Genotypes
Number of fruits per plant recorded in the genotypes under field conditions varied from 29 to 180

fruits per plant. This exceeded the range reported by Seleshi (2011). Under greenhouse conditions,
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36 to 152 fruits per plant was recorded as the range. This was not consistent with the range reported
by Nsabiyera et al. (2013). The variation and inconsistency in genotypes which recorded the
highest and lowest number of fruits per plant in the two environments could be an indication of
environmental influence.

5.5.2 Mean Yield (ton/ha) in Pepper Genotypes

Under field conditions, yield (ton/ha) recorded in genotypes ranged between 0.9 ton/ha and 5.4
ton/ha. The range reported by Seleshi (2011) is consistent with the results of the current study.
Yield obtained under greenhouse conditions ranged from 1.5 ton/ha to 23 ton/ha. The results
obtained by Perez-Grajales et al. (2004) was consistent with the current results. The genotype
ICPN16#7 had the highest yield (ton/ha) under the two environments. The highest performance of
ICPN16#7 in both environments for this trait makes it a favorite for consideration for selection
towards breeding and production. The study showed a higher variation in yield between the
greenhouse and the field. This suggests a better production under greenhouse conditions than in
the field for the pepper species. The combined data showed the genotypes ICPN16#7, Galaxy and
7A recorded the highest yield (ton/ha). These genotypes could be selected for production and
breeding purposes.

5.6. MEAN ANTIOXIDANT PROPERTIES OF PEPPER GENOTYPES

5.6.1 Mean Content of Phenolic Compounds in Genotypes

Contents of three phenolic acids viz gallic, vanillic and rosmaniric acids were determined in
genotypes under field and greenhouse conditions. Vanillic acid content ranged from 8.3 mg/100
ml to 28.8 mg/100 ml under field conditions. This range was consistent with the report by Podesta
(2009). Under greenhouse conditions, it ranged from 10.7 mg/100 ml to 18.8 mg/100 ml indicating

lower vanillic acid production. This could be attributed to differences in the environmental
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conditions, probably light and temperature. The rosmarinic acid content ranged from 6.5 mg/100
ml to 22 mg/100 ml under field conditions. The range of 13 mg/g to 47.3 mg/g reported by
Bandoniene et al. (2005) was not consistent with the current study. This could be due to both

genetic differences in the genotypes studied and environmental effects.

To summarize the performance of the phenolic acids, genotypes 9F and Pari Mild (PM) recorded
the highest and the lowest contents respectively under field conditions in all the three phenolic
acids. Genotype Pari Mild recorded the highest contents while both ICPN16#7 and Galaxy
recorded the and lowest contents under greenhouse conditions. This might be an indication of an
inherent genetic component that highly controls this trait in the genotypes. The level of the
different phenolic acids differed with genotypes across environments. This might be due to
genotype X environment interaction at each particular environment. It has been reported that the
quantum of phenols and flavonoids that could be obtained from fruits is dependent on factors such
as conditions during growth, extent of fruit ripening and storage (Zhang and Hamauzu, 2003;
Marinova et al., 2005; Navarro et al., 2006). The consistency of high performance of the genotypes
Pari Mild, 9B, 9F, Local Hot Chili and Mayford across environments for these acids suggests that
the genotypes could be selected for production or as a parent in a breeding programme which
targets improved fruit quality in pepper.

5.6.2 Mean Lycopene Content of Pepper Genotypes

Lycopene content of genotypes under field conditions ranged from 0.03 mg/100 ml to 0.15 mg/100
ml. This was higher than the range reported by Chavez-Mendoza et al. (2013). Under greenhouse
conditions, the content ranged from 0.05 mg/100 ml to 0.4 mg/100 ml. Lycopene content for the
different genotypes varied across environments. This could be an indication of environmental

effect on genotypes’ performance in both environments. Genotypes 9F, Vulcano and Mayford
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recorded the highest lycopene content. These genotypes could be selected for production for this

trait.

5.6.3 Mean p Carotene Content of Pepper Genotypes

B Carotene content ranged from 0.14 mg/100 ml to 0.55 mg/100 ml under field conditions. The
values (from 0.0039 mg/g to 0.0074 mg/g) reported by Chavez-Mendoza et al. (2013) was lower
than the results from this experiment. The genotypes Delhi Hot, Vulcano and Pari Mild recorded
the highest p Carotene contents and could be selected for production for this medicinal property.
5.6.4 Mean Total Flavonoid Content of Pepper Genotypes

Under field conditions, total flavonoid content ranged between 0.22 mg/100 ml and 0.79 mg/100
ml. The range of 0.306 umolQ/g to 0.55 umolQ/g reported by Rohanizah and Ishak (2012) was
not consistent with the range recorded in the current study. This indicates higher variability in the
genotypes investigated in the present study which would allow for selection for higher levels of
flavonoids. Genotypes Vulcano, Pari Mild and 9A recorded the highest lycopene contents. These
genotypes could thus be selected for this antioxidant property.

5.6.5 Mean Antioxidant Activity of Pepper Genotypes

Under field conditions, the antioxidant activity of genotypes ranged between 0.92 mg/ml and 1.96
mg/ml. The range of 0.795 umolBHA/g to 1.893 umolBHA/g recorded by Rohanizah and Ishak
(2012) was not consistent with the range observed under field conditions. The genotypes under
greenhouse conditions also recorded a range between 0.64 mg/ml and 1.65 mg/ml. The genotype
7A recorded the highest value for antioxidant activity under both greenhouse and field conditions
which could be due to high genetic component for this trait in the genotype. Yahia et al. (2001)
reported that a property of antioxidant activity of samples might be influenced by phenolic

compounds. The antioxidant activity recorded by 7A under the greenhouse conditions was higher
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than under the field conditions and might be due to environmental differences. The genotypes 7A,
Z-607 and 7E were the genotypes with the highest antioxidant activity. Among these, 7A was

consistently better across environments. It could be therefore selected for this trait.

5.7 BROAD SENSE HERITABILITY AND VARIANCE COMPONENTS OF TRAITS
5.7.1 Heritability and Variance Components for Agro-Morphological Traits of Pepper
Genotypes under Field Conditions

For the agro-morphological traits, broad sense heritability ranged between 21.49 % and 95.26 %.
Fruit wall thickness, fruit length and number of seeds per fruit recorded the highest heritability.
The phenotypic characteristics of these traits were more influenced genetically than by
environment. It would therefore be desirable to consider them among the genotypes for selection
towards breeding and production ((Marame et al., 2009). Generally, many traits recorded values
above 50% except yield, number of fruits per plant, plant height, stem girth and canopy width. In
general, PCV was higher than GCV across all traits. GCV was close to PCV for the traits days to
50% fruiting, fruit length, fruit wall thickness, number of seeds per fruits and chlorophyll content
at flowering stage. This indicates higher genetic influence over the traits than the environment.
The other traits showed wider gaps between PCV and GCV indicating higher environmental
influence on them which agrees with the findings of Berhanu et al., 2011. Higher genetic advance
as a percentage of mean were also recorded in number of fruits per plant, number of seeds per
fruits, and fruit length. These results indicate the possibility of higher responses to selection in
these traits. Johnson et al. (1955) stated that using both heritability and genetic advance for

selection is more efficient than the use of heritability alone as the only parameter.
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5.7.2 Heritability and Variance Components for Agro-Morphological Traits of Pepper
Genotypes under Greenhouse Conditions

Broad sense heritability for agro-morphological traits under greenhouse conditions ranged from
23.17 % to 96.94 %. However, stem girth recorded negative value for heritability. The best three
heritability values for agro-morphological traits recorded under greenhouse condition were
number of seeds per fruit, fruit length and 50% flowering. The other traits had values above 70 %
except fruit width, fruit wall thickness, stem girth and number of fruits per plant. The high
heritability recorded among most of the traits could be assumed to indicate that they were under
more genetic influence for determination of the phenotype than under the environment. According
to Chopra (2000), heritability gives an idea of the degree to which a trait could be influenced
genetically. PCV across all the traits was higher than GCV. The closeness of GCV to PCV was
recorded in the traits days to 50% fruiting, days to 50% flowering , fruit length , number of seeds
per fruit, plant height, number of leave and canopy width . The closeness of GCV to PCV in these
traits except canopy width were similar to the findings of Kaushik et al. (2011). The closeness of
GCV to PCV shows higher genetic influence over these traits than the environment. Higher genetic
advance were recorded on the traits number of seeds, days to 50% flowering and fruit length
indicating a high potential for selection.

5.7.3 Heritability and Variance Components for Agro-Morphological Traits of Pepper
Genotypes (combined)

Broad sense heritability was determined for agro-morphological traits by using the combined data.
It ranged from 1.20 % to 87.20 %. The traits below, in a descending order showed a higher
performance in heritability than the others; number of days to fruiting, days to 50% fruiting and

Chlorophyll content at harvest. These results which differ from the individual (both greenhouse
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and field conditions) heritability results are indication of genotype x environment interaction. In
general, PCV was higher than GCV across the environments among all the traits. This is an
indication of higher environmental influence on the traits. However, for the traits, number of days
to first fruit ripening and number of days to 50% fruiting, GVC was close to PCV which could be
attributed to a very high genetic component. The range for genetic advance by percentage mean
was not in agreement with the findings of Idahosa et al. (2010). Generally, there were low values
for genetic advance among the traits except days to 50% fruiting, fruit length, number of seeds per
plant, number of fruits per plant and chlorophyll content at harvest which had values above 50%.

This indicates a low potential for selection among genotypes.

5.7.4 Heritability and Variance Components for Phytochemicals and Antioxidant Activities
of Pepper Genotypes under Field Conditions

Broad sense heritability under field conditions ranged from 65.34 % to 100 %. All the polyphenolic
compounds had heritability values greater than 80% except B carotene. This was similar to the
findings of Hedau et al. (2008). The high performance among genotypes for all these traits could
be attributed to low environmental influence on the expression of the traits. This is an indication
of a possible high genetic factor which controls the traits and this could be considered for pepper
improvement programs. Ferrari and Torres (2003) stated that development of varieties with high
antioxidant properties could assist in the improvement of man’s health. PCV was higher in all
antioxidants than GCV except for antioxidant activity (ICso value) where both recorded 24.43 %.
GCV which was the same as PVC in antioxidant activity (ICso value) might be due to the higher
genetic than environmental influence on the trait. GCV was close to PCV for vanillic acid and

antioxidant activity indicating a high genetic effect in the expression of these traits. The genetic
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advance by percentage mean indicated low phenotypic variances among the traits. This means that
potential for selection among the traits would be very low.

5.7.5 Heritability and Variance Components for Phytochemicals and Antioxidant Activities
of Pepper Genotypes under Greenhouse Conditions

Under greenhouse conditions, the heritability values for all the antioxidants except lycopene and
carotene were greater than 70%. The low heritability for the two antioxidants might probably be
attributed to environmental effect. The genotypes recorded 100 % heritability for antioxidant
activity. This might be an indication of a very high genetic effect in the expression of this trait.
PCV was higher than GCV in all the antioxidants. However, antioxidant activity recorded the same
values for GCV and PCV which again suggests the possibility of a very high genetic influence on
the trait. The antioxidant activity for the polyphenolic compounds gallic, vanillic and rosmarinic
acids showed closeness of GCV to PCV. These could be attributed to a strong genetic influence
on their performances. However, the other polyphenolic compounds showed wider gaps among
themselves which might be due to environmental effect. Genetic advance by percentage mean
recorded values above 50% for all the polyphenolic compounds except lycopene. The high
heritability and genetic advance recorded could be used as combined parameters for selection of
genotype for these traits.

5.7.6 Heritability and Variance Components for Phytochemicals and Antioxidant Activities
of Pepper Genotypes (combined)

Vanillic, gallic and rosmarinic acids showed non-significant values for heritability. This agrees
with the findings of Gusmini and Wehner (2007). This occurred because of the negative values
obtained for the genetic variances other than error variances for these traits (Kiran et al., 2003).

Again, the environmental variances for the polyphenolic compounds (except flavonoid content)
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which were higher than the genetic variances could be attributed to high environmental (notably
temperature and humidity) effects in both environments. The heritability values recorded for 3
carotene and total flavonoid were also low. However, heritability for antioxidant activity was
high. GCV and PCV were wider apart showing again the effect of variation from both
environment on the traits. Genetic advance by percentage mean was also non-significant in all
traits except antioxidant activity and 3 carotene.

5.8 Estimation of Correlation among Pepper Genotypes under Field and Greenhouse
Conditions, and across environments

From the results of the study carried out under greenhouse, field and across environments, fruit
yield showed a positive and significant association with days to 50 % fruiting, days to fruit
ripening, fruit length, number of fruits and fruit width. To maximize fruit yield, indirect selection
of any of these yield contributing characters could be effective. The present finding was in
agreement with the report by Vinod et al. (2013) who observed a positive and significant
correlation of fruit yield with number of fruits in tomato. Similarly, a positive and significant
association between fruit yield and fruit length was reported in a study by Kaushik et al. (2011) in
tomatoes. Also, Fruit yield correlated negatively with days to first fruit set, gallic acid content and
antioxidant activity. Thus, indirect selection for these traits to maximize yield would not be
effective.

The positive and significant association of days to 50 % flowering with days to 50 % fruiting, days
to fruit ripening, days to first fruit set, fruit width, 1Cso, fruit length and flavonoid content indicated
that genotypes which are late in fruiting have larger fruit width, high antioxidant activity, longer
fruits and higher amount of flavonoid composition. This means that indirect selection for the trait

to improve upon fruit width, antioxidant activity, fruit length and flavonoid content could
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effectively be carried out. The present study agrees with the findings of Sandar and Teerayoot
(2013) which showed significant and positive correlation in days to 50% flowering to days to pod
formation in soybean.

Positive and significant associations of days to 50 % fruiting with the traits days to fruit ripening,
days to first fruit set, fruit length, fruit width, lycopene content, ICso value, flavonoid content and
number of fruits were observed. This implies that pepper genotypes which are late in attaining 50
% fruiting are not only late in fruit ripening and attaining first fruit set, but are also characterized
by having longer fruits length, high fruit width, higher amount of lycopene and flavonoid contents,
high antioxidant activity as well as high number of fruits per plant. For crop improvement purposes
selection for the trait, days to 50 % fruiting, will maximize fruit length, fruit width, lycopene

content, antioxidant activity, flavonoid content and number of fruits.

The correlation of days to fruit ripe with days to first fruit set, fruit length, fruit width, 1Cso and
number of fruit per plant was significant and positive which implies that accessions which are late
in fruit ripening have longer fruit length, high fruit width, high antioxidant activity and a higher
number of fruits per plant. To improve upon fruit length, fruit width, antioxidant activity and
number of fruits per plant, selection for the trait days to fruit ripening could be effective. A study
by Cankaya et al. (2010) revealed a negative significant association between fruit maturity and
number of fruits per plant. The positive and significant association of fruit width with number of
fruits, fruit yield and flavonoid content suggested that accessions whose fruit recorded higher
values of width also produced larger number of fruits, high fruit yield and high flavonoid content.

Thus, indirect selection of one trait could be effective to improve upon the other.

The positive and significant correlation between lycopene content and flavonoid composition

observed under field conditions implies that genotypes which contain higher amount of lycopene
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also contain higher amount of flavonoid composition. The significantly negative association of
days to first fruit set with fruit length, fruit width, antioxidant activity and number of fruits
indicated that genotypes which are early in attaining 50 % fruiting produce fruits which are longer
with larger fruit widths, high in antioxidant activity as well as high number of fruits. In order to
improve upon fruit antioxidant activity, fruit length, width and number per plant, indirect selection
for first fruit set could be effective. Under the greenhouse condition, gallic acid content correlated
negatively with fruit yield per plant indicating that indirect selection of either one of the traits to
improve upon the other would not be possible. Similarly, fruit length correlated negatively and
significantly with 1Cso value, flavonoid content and number of fruits per plant which suggested
that genotypes with longer fruit length are high in antioxidant activity, contain higher amount of
flavonoid composition as well as higher number of fruits per plant. The correlation between fruit
length and number of fruits was statistically not significant in a study by Cankaya et al. (2010). A
significant negative association between gallic acid and lycopene contents under field conditions
revealed that accessions that contain higher amount of gallic acid have a minimal amount of
lycopene. Indirect selection of any one of the traits to improve upon the other could not be

effective.
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CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATION

6.1 Conclusions

The main objective for any crop improvement program is to identify potential traits among
genotypes of a species and assess the extent to which these traits are heritable. Following this, the
two key decision that could be made are to use the information gathered on the traits for inter or
intra species enhancement of crops or recommend for production.

The current study revealed a large variation among the seventeen (17) hot pepper genotypes
studied which gives an indication of a possible genetic variability among genotypes.

» There was high variation among genotypes for vegetative traits studied which included
plant height, canopy width, number of leaves and chlorophyll content at flowering stage.

> Reproductive traits showed high variability among genotypes in days to 50% flowering,
and days to 50% fruiting. The genotype GR 202 was the highest performer in the days to
50% flowering and days to first fruit set while Z-607 and Vulcano were the best in days to
first fruit ripe and 50% fruiting respectively. The genotypes GR 202, Vulcano, and Z- 607
could be selected for improvement and production.

» There was high variation among genotypes for all the fruit quality traits which is signal for
genetic variability that could be used for improvement. The genotype ICPN16#7 was the
highest performer for all the fruit quality traits except fruit wall thickness where the highest
were recorded in 9B. Genotype ICPN16#7 could be considered for production as well as a
parent in fruit quality improvement program.

» For yield components, there was high variability among genotypes for yield. The genotype

ICPN16#7 was the best performer in yield. The genotypes ICPN16#7, Galaxy, and 7A
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could be considered for selection toward production or breeding program. There was also
high variability within genotypes for number of fruits per plant where the genotype 9A
recorded the highest number of fruits per plant.

» There was high variability among genotypes for the phytochemicals lycopene, total
flavonoid and phenolic acids. The genotype 9F performed best for vanillic acid, gallic acid,
and lycopene content while the highest for gallic acid, total flavonoid and 3 carotene were
Pari Mild and Delhi Hot respectively. Antioxidant activity showed no significance among
genotypes. However, antioxidant activity was generally very high among genotypes with
the highest value recorded in genotype 7A.

» Heritability and genetic advance were generally high for the agro-morphological traits
studied which is an indication of potential for selection in these traits. However, heritability
was generally high for antioxidant properties under both environments but genetic advance
was low among genotypes under field condition and high under greenhouse condition.

» Correlation analysis showed days to 50 % fruiting and flowering significant and associated
positively with most of the traits studied.

6.2 Recommendation
The large variation which existed among the seventeen (17) genotypes for the traits studied need
to be confirmed.

» Multi-locational trials of the genotypes would be one of the appropriate means to achieve
this.

» Again, molecular characterization could also be used as an effective tool to find out

whether variations were really genetic or environmentally influenced.
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» Since the performance of most of the genotypes were higher in the greenhouse than the
field for most of the traits, it would be appropriate to recommend the high performing
genotypes for greenhouse pepper production.

» A larger collection should be evaluated to identify genotypes that will excel under field
conditions to satisfy field growers of pepper.

» The phytochemical capsaicin should be considered in a future study since it is also one of

the important antioxidants in pepper.
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APPENDICES

APPENDIX 1
Mean squares from the analysis of variance of reproductive and fruit quality traits for 17 pepper

genotypes under field conditions

S. of Variation Mean Squares
Df DTF DtF FFS DFR FL FW  FWT NOS
Rep. 2 221.25 54.84 32.49* 101.25 492 0.11 0.00048 78.47

Genotype 16 460.65* 330.63* 252.75* 243.31* 19.80* 0.26* 0.06052* 753.28
Residual 32 24.71 35.28 60.74 33.86 0.39 0.039 0.00099 32.96

Total 50 172.07 13056 121.05 103.58 6.78 0.11 0.02 265.28

*Significant (P< 0.001), = significant (P< 0.05), DTF= days to 50% fruiting, DtF= days to 50%
flowering, FFS=days to first fruit set, DFR=days to first fruit ripe, FL=fruit length, FW= fruit

width, FWT= fruit wall thickness, NOS = number of seeds

APPENDIX 2
Mean squares from the analysis of variance of reproductive and fruit quality traits for 17 pepper

genotypes under greenhouse conditions

S. of Variation Mean Squares
Df DTF DtF FFS DFR FL FW  FWT NOS
Rep. 2 0.76 6.73 66.84 45.90 0.022  0.045 0.024 7.31

Genotype 16 1307.66* 1317.66* 804.06* 553.66* 67.979* 0.687* 0.031 1967.88*
Residual 32 20.35 16 45.32 56.01 0.789  0.119 0.016 20.50
Total 50 43151 432.16 288.98 214.85 22259 0.298 0.021 643.14

*Significant (P< 0.001), = significant (P< 0.05) DTF = days to 50% fruiting, DtF = days to 50%
flowering, FFS=days to first fruit set, DFR=days to first fruit ripe, FL=fruit length, FW= fruit width,

FWT= fruit wall thickness, NOS = number of seeds,
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APPENDIX 3
Mean squares from the analysis of variance of reproductive and fruit quality traits for 17 pepper

genotypes (combined)

S. of Variation Mean Squares
Df DTF DtF FFS DFR FL FW FWT NOS
Rep. 2 119.01 11.77 31.53 38.15 2.148 0.07006 0.0134 64.71

Genotype 16  1515.48* 1303.19* 879.70*  706.56* 77.423* 0.6439* 0.0433* 2159.68*
Env. 1 876.48* 155.65= 1320.48* 3030.75* 280.75* 3.8698* 0.0061 1809.37*
ExG 16 252.83*  345.11* 177.11* 90.41- 10.36* 0.2996* 0.0482* 561.48*

Residual 68 27.74 25.94 52.83 46.62 0.657  0.07968 0.0089 27.68

Total 101 307.48 280.129 216.060 187.65 17.157 0.24124 0.02052 467.626

*Significant (P< 0.001), = significant (P< 0.05), DTF= days to 50% fruiting, DtF= days to 50%
flowering, FFS=days to first fruit set, DFR=days to first fruit ripe, FL=fruit length, FW= fruit
width, FWT= fruit wall thickness, NOS = number of seeds

APPENDIX 4

Mean squares from the analysis of variance of vegetative and yield quality traits for 17 pepper

genotypes under field conditions

Mean Squares
S. of Variation Df NOF YTH NOL SG PH Cw CCF CCH
Rep. 2 1568 2.22 5648 0.018 33.6 45.22 23.37 607.5

Genotype 16 9163- 492 31429* 0.081* 234.6= 275.69= 1661.94* 1742.1*
Residual 32 3801 2.70 4467 0.022 7427  87.42 95.17 360

Total 50 542742 3.39 13.14 0.041 12395 14598 593.66 812.18

*Significant (P< 0.001), = significant (P< 0.05), NOF = number of fruit per plant, YTH = yield (ton/ha),
NOL = number of leaves, SG = stem girth , PH = plant height, CW = canopy width, CCF = chlorophyli

content at flowering stage, CCH = Chlorophyll content at harvest
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APPENDIX 5
Mean squares from the analysis of variance of vegetative and yield quality traits for 17 pepper

genotypes under greenhouse conditions

S. of Variation Mean Squares
Df NOF YTF NOL SG PH CW CCF CCH
Rep. 2 14445 1385 700.9 0.44 31.62 104.99 13459 186.03

Genotype 16 3181.4* 132.35* 33888.1* 0.72  2274.74* 2035.36* 223.2* 1626.9*
Residual 32 4355 6.08 425.0 0.77 78.49 87.72 1137 7211

Total 50 13546 46.79 111442 0.74 779.42 71166  84.08 574.19

*Significant (P< 0.001), = significant (P< 0.05) NOF = number of fruit per plant, YTH = yield (ton/ha),
NOL = number of leaves, SG = stem girth, PH = plant height, CW = canopy width, CCF = chlorophylI
content at flowering stage, CCH = Chlorophyll content at harvest,

APPENDIX 6

Mean squares from the analysis of variance of vegetative and yield quality traits for 17 pepper

genotypes (combined)

S. of Variation Mean square
Df NOF YTH NOL SG PH CwW CCF CCH
Rep. 2 864 3.26 1458 0.287 23.01 9.70 133.22 150.6

Genotype 16 9330"  82.62" 36046 5,07 1701.86%  1450.61*  14904*  2881.9%

Env. 1 412 1121.41* 6474 1.46  114885.28* 65550.54* 49764.44* 48.8
ExG 16 3014 54.65* 29270*  0.39 807.48* 851.44* 394.78* 487.1=
Residual 68 2119 4.65 2489 0.39 73.81 86.84 54.78 226.7

Total 101 33615 35.95 12087  0.4009 1584.69 1073.59 828.24 686.81

*Significant (P< 0.001), = significant (P< 0.05), NOF = number of fruit per plant, YTH = yield
(ton/ha), NOL = number of leaves, SG = stem girth, PH = plant height, CW = canopy width,

CCF = chlorophyll content at flowering stage, CCH = Chlorophyll content at harvest
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APPENDIX 7
Mean squares from the analysis of variance of antioxidant properties for 17 pepper genotypes

under field conditions

Mean  Squares

S. of Variation Df ICs0 VA LC GA BC RA FC

Rep. 2 0.0068 21.33 0.0029 8.74 0.035 1141 0.0066
Genotype 16 0.2979 85.87* 0.0031* 30.73* 0.027* 51.48* 0.1192*

Residual 32 0.0000 1.39 0.00012 1.26 0.004 1.56  0.0082

Total 50 0.0956 29.22 0.0012 1099 0.013 17.93 0.0436

*Significant (P< 0.001), = Significant (P< 0.05), ICso value, VA= vanillic acid content, LC =
Lycopene content, GA = gallic acid content, BC = beta carotene content, RA = Rosmarinic acid,
FC = total flavonoid content

APPENDIX 8

Mean squares from the analysis of variance of antioxidant properties for 17 pepper genotypes

under greenhouse conditions

Mean  Squares

S. of Variation Df ICs0 VA LC GA BC RA FC
Rep. 2 0.0068 0.98 0.014 0.38 0.023 0.6 0.0098
Genotype 16 0.2964 78.39* 0.019 27.73* 0.104= 457*  0.0446*
Residual 32 0.0000 2.11 0.016 1.18 0.048 1.058 0.0035
Total 50 0.0951 26.48 0.017 9.64 0.065 15.33 0.0169

*Significant (P< 0.001), = significant (P< 0.05), IC50 value, VA= vanillic acid content, LC =
Lycopene content, GA = gallic acid content, BC = beta carotene content, RA = Rosmarinic acid,
FC = total flavonoid content
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APPENDIX 9

Mean squares from the analysis of variance of antioxidant properties for 17 pepper genotypes

(combined)
Mean Squares
S. of Variation Df ICso VA LC GA BC RA FC
Rep. 2 0.014 9.95 0.0021 5.57 0.041 791 0.01274

Genotype 16 032 46.06* 0.0104 16.41* 0.088* 27.20* 0.09880*

Env. 1 0.801 381.73* 0.2024* 140.92* 0.17= 243.92* 0.00009
ExG 16 0.27 118.20* 0.0114 42.05* 0.044 69.99* 0.06505*
Residual 68 0.00 231 0.0079 1.42 0.026 1.58 0.00579
Total 101 0102 3135 0.0108 11.61 0.04 18.88  0.02999

*Significant (P< 0.001), = significant (P< 0.05), IC50 value, VA= vanillic acid content, LC =
Lycopene content, GA = gallic acid content, BC = beta carotene content, RA = Rosmarinic acid,

FC = total flavonoid content
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