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HYBRID DEVELOPMENT AND POST-HARVEST QUALITY ASSESSMENT OF
SWEET PEPPER

ABSTRACT

Seven experiments were conducted to assess the combining ability, heterosis and postharvest
quality of sweet pepper at BARI, Gazipur from October 2012 to April 2014. Evaluations of 21
genotypes of sweet pepper, collected from local and exotic sources, were made in respect of
different vegetative, reproductive, qualitative and yield contributing characters. Wide variations
were observed among the genotypes for the characters studied. The maximum number of fruits per
plant was observed in CA 016 (90) and the minimum was in CA 018 (10). The highest fruit yield
per plant was recorded in CA 016 and the lowest in CA 017 and CA 003. Fruits of CA 005 were
the heaviest of all (178 g) while the genotype CA 017 was the least (23 g). Combining ability and
genetic components for twenty seven characters studied were estimated from an 8 x & diallel set
excluding reciprocals. The variances duc to gencral and specific combining ability (GCA and
SCA) were found highly significant for all the characters indicating the importance of both
additive and non-additive gene actions. GCA variances were higher in magnitude than the SCA
variances for all the characters studied indicating the predominance of the additive gene effects in
their inheritance. Parent P, for number of fruits per plant; Py, P, for fruit yield per plant; P, for fruit
weight; P, for fruit yield (t/ha); P, for marketable yield were the best combiner to use in
hybridization programme. Over dominance gene action in the inheritance of most of the characters
were observed. One to two genes or gene groups were involved in the inheritance of the characters
fruit diameter and yield per plant. For the other twenty four characters, single dominant gene or
multiple gencs were responsible for their genetic control. The 8 x 8 diallel set excluding reciprocal
showed signified considerable amount of heterosis over better parent for almost all the characters
in a number of cross combinations. Most of the crosses showed significant heterobeltiosis for
number of fruits per plant. The maximum heterotic effect of this trait was found in the crosses Py x
P., Py x Ps, Py % Ps, Py % P, Py % P;. In terms of fruit yield per plant the highest heterobeltiosis was
shown by the crosses Py x Py, Py x Ps, P, x Psand P, x P;and by the crosses Ps x Pg, Pg % Pgand Py
x Pg. In the overall analysis, both additive and non-additive gene actions were found important
with predominance of the additive gene cffects in the inheritance of sweet pepper. For
determination of maturity indices of sweet pepper fruits, firmness, surface colour, TSS, ascorbic
acid content and sensory evaluation of harvested fruits were considercd. Considering surface
colour thc lightness, chroma and hue angle were decrcased with increasc in maturity which
indicating darkness, colour intensity and redness become prominent with maturation, in all the
cases. Irrespective of genotypes fruits of 45 DAA exhibited the maximum firmness and shelf life
but inferior in quality and nutrition. While 48 DAA i.e. full matured fruits having considerable
amount of TSS and ascorbic acid are considered suitable for harvesting. On the other hand, the 48
DAA matured fruits of P;x Pg and Pg x Pg showed better shelf life. Thus 45 DAA matured fruits of
P, x Pg and P, x Py were suitable for distance marketing and storage. Matured fruits of different
genotypes stored at 4° C, 6.5° C and ambient temperature exposed to assess the shelf life and fruit
quality of sweet pepper. Considering fungal infection and weight loss of fruit most of the
genotypes exhibited better visual appearance up to 10 days of storage at 4° C. Trrespective of
genotypes visual appearance and nutritive values of sweet pepper were significantly better when
stored at 4° C compared to higher temperatures. However, fruits of P, x Py and Py x Py stored at 6.5°
C for a period of 10 days were found to be acceptable regarding appearance and quality. The
perforated packaging system is ideal in reducing fungal decay as well as for better visual
appearance and excellent nutritive quality during 10 days of storage irrespective of hybrids.
Freshness of fruits is up to the mark and senescence of fruits is delayed in P, x Ps, Ps % Py, Py X Py
and in perforated poly bag up to 10 days of storage and was found to be acceptable regarding
freshness, appearance and fruit quality.
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Sweet pepper (Capsicum annuum) belongs to the family Solanaceae native to tropical
South America. Brazil is thought to be the Centre of origin of sweet pepper (Shoemaker
and Teskey, 1955). It was widely cultivated in Central and South America in early times
and unknown in Europe prior to the discovery of America. In 1493, Columbus carried
sweet pepper seeds to Spain which quickly spread over the Mediterranean region and from
there into the tropics. The genus Capsicum contains about 20 species. Now five
domesticated species are only recognized; Capsicum annuum, C. frutescens, C. chinese, C.
baccatum and C. pubescens. All cultivated species of Capsicum have 2n = 24
chromosomes (Greenleaf, 1986). Most of the peppers cuitivated in tropical areas belong to
the botanical species C. annuum, thought to be originated in the Maxico and Central

America (Andrews, 1984).

Within C. annuum, a wide range in size, shape and colour of mature fruits have been
selected that now forms the basis for the types used in commerce throughout the world
(Somos, 1984). The species Capsicum annuum includes eleven groups (Farris, 1988)
which can be divided into sweet and hot peppers. The sweet pepper is relatively non-
pungent with thick flesh and it is the world’s second most important vegetables after
tomato (Anon., 2003). They may be eaten as cooked or fresh as in salad. It is also uscd for
pickling in brine, backing and stiffing. The leaves are also consumed as salad, soups or
caten with rice (Lovelook, 1973). It was reported that sweet pepper could be a good source
of medicinal preparation for black vomit, tonic for gout and paralysis (Knott and Deanon,
1967). As food, sweet pepper has little energy value. But the nutritive value of sweet
pepper is high as it contains 1.29 mg protein. 11 mg calcium, 870 LU. vitamin A, 175 mg
ascorbic acid, 0.06 mg thiamine, 0.03 mg riboflavin and 0.55 mg niacin per 100 g edible
fruit (Joshi and Singh, 1975). Meanwhile, Macrae et al. (1993) stated that green peppers,
with a beta carotene equivalent to 180 pg per 100 g, contain approximately as much as

spinach.

Sweet pepper is a minor vegetable in Bangladesh and its production statistics are not
available. Small scale cultivation is found in peri-urban areas primarily for the supply to
some city markets in Bangladesh. It has a good demand to some big hotels in the big

cities. The crop has high export potentiality. Considering its high nutritive value and

1




export potentiality and low production (t/annum) of vegetables as well as consumption
(per capita/day) in Bangladesh, it is imperative to take aftempts for its successful

cultivation in the country.

In Bangladesh most of the sweet pepper varieties are open pollinated (OP) type. Very
recently exotic hybrid varieties are being introduced due to their high yield potentiality.
Seed costs of those hybrid varieties are very high. Moreover, due to unique nature of
hybrid variety, the sweet pepper growers need to buy seed every year. To boost up
production potentiality of sweet pepper in the country, exploitation of hybrid technology
might be an alternative method. There existed differences among the cultivars fruit setting
ability to their immediate hybrid progenies. Some germplasm transmitted high level of the
trait over all crosses as evidence by better consistency of performance (Vandana ef al,

2002). In the past, very little efforts have been taken for development of hybrid sweet

pepper.

Selection of suitable parents through the evaluation of inbred of sweet pepper is the prime
task for breeding programme (Ahmed, 2002). The choice of the most suitable breeding
method for the improvement of yield and its component in any crop largely depends on the
genetic variability, association between qualitative and quantitative characters, heritability
estimates, nature of gene action and adaptability parameters. Hence, formulation of a
breeding strategy for yield, studies on the association of yield components are very
important. The development of an intensive breeding and improvement program needs
detailed biological information and understanding of variation of yield and its
components. In the meantime two open pollinated (OP) sweet pepper varieties (BARI
Mistimorich-1 and BARI Mistimorich-2) have been released by Olericulture Division of
HRC, Bangladesh Agricultural Research Institute (BARI). As the horizontal expansion of
sweet pepper cultivation in the country is limited and existing varieties/cultivars are prone
1o insect-pest and diseases, it is important at this stage to identify major pest and diseases
tolerant strains and to combine these traits together along with high yield. As there is a
wide range of variability for different characters, there is a bright scope for improvement

of sweet pepper variety through hybridization.

The importance of heterosis breeding has been recognized widely is many vegetable crops.
The term heterosis was first coined by Shull (1908) using two Greek words ‘heteros’

means different and ‘osis’ means condition. Heterosis signifies increased or decreased



vigour of the F| hybrids over the parents. He also referred this phenomenon as the
stimulus of heterogygosis. The expression of heterosis may be due to factors such as
heterozygosity, allelic interaction viz., dominance or over dominance, non-allelic
interaction or epistasis and maternal interactions. The technology of heterosis breeding is
widely used in many developed countries like USA, Canada, Japan, Korea, Israel etc. and
producing hybrids in almost all vegetables. But, Bangladesh is lagging much behind in this
aspect. The F, hybrids offer several advantages like earliness, high yicld, improved
quality, uniformity, wider adaptability and also help in deployment of dominant genes for

resistance to diseases and pests (Riggs, 1988).

Knowledge of relative importance of general combining ability and specific combining
ability for quantitative characters influencing yield and its components is very helpful in
selecting parents for production of superior hybrids. Several biometrical methods are
available for studying the combining ability, heterosis and gene action. Heterosis breeding
is an important one which could produce as much as 92% heterosis. Study of combining
ability is important for selecting parents for hybridization. Sprague and Tatum (1942), first
time proposed the concepts of general combining ability (GCA) and specific combing
ability (SCA). According to them, GCA variance is due to additive variance and SCA
variance is due to non-additive variance hence both act as important diagnostic tools in

selection of suitable parents.

Maturity is an important indicator for maintaining fruit quality in respect of texture,
colour, taste and flavour. During developmental stage of fruit, total nutrient contents
continuously increased in contrast organic acid decreased, but the main changes occur
between 21 and 28 days afler fruit set when fruit ripening take place (Montero ef al.,
1996). As a consequence to the evolution of sugars and acids during fruit ripening, their
ratio can act as an important component of fruit flavour and taste and has been considered
as consumer acceplability (Meredith ef al., 2008). External surface colour and firmness of
fruit are the best indexcs for maturity of sweet pepper. Sweet peppers are harvested at
different stages of maturity, depending on the cultivar and market preference. Sweetness is
positively correlated with total soluble solid (TSS), ascorbic acid, beta carotene and pH of
fruit (Alcock and Bertling 2013). For exporting sweet pepper, fruits should be harvested
when surface of the fruit is turning to red or yellow, although fruits of less firm cultivars
should be harvested at a lighter red colour (Ahmed, 2000). In this regards determination of

maturity index in sweet pepper is necessary.
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Fruits of sweet pepper deteriorate rapidly during handling and storage due to poor post-
harvest handling leading to huge losses (Anon. 2003). Generally, the products are handled
in batches that subject them to a wide range of environmental shocks. In Bangladesh, most
growers or sellers store the perishables at ambient conditions under which the quality of
pepper can be maintained for only a short time (2 to 3 days) which can be prolonged to 12-
18 days under 4° C and 90-95% RH (Anon. 2003). Relatively low temperature storage
forced most effective tool maintaining quality and extending shelf life, but it causes
chitling injury in below 4° C which could be remedied by prevention of water loss using
scal packaging (Anon. 2003). Pre-packaging and storage of sweet pepper at ambient
conditions are commonly practiced in Bangladesh and this determining the best pre-
packaging and storage temperature for sweet pepper may assist the growers, dealers and

consumers in maintaining the quality of the sweet pepper.

The study was undertaken to take advantage of wide variability in the sweet pepper
germplasm with a view for developing hybrid having high yield, other desirable traits as
well as to standardize the maturity indices including post-harvest performance of sweet
pepper. There are reports regarding these aspects by many authors worked in many
couniries of the world. Reports on systematic research on above problems under
Bangladesh conditions are scanty. Therefore, to develop hybrids, standardize the maturity
indices, proper postharvest production technologies, a number of experiments were carried

out with the following objectives:

1. to evaluate different physio-morpholgical characters and yield of sweet pepper
germplasm; |

2. to select suite;ble inbreads for hybrid development;

3. to study the combining ability, gene action and heterosis of sweet pepper;

4. to standardize the méturity indices of sweet pepper to obtain appropriate harvesting
stage with better post-harvest quality; and

5. 10 estimate the qualitative and quantitative characters of selected sweet pepper

hybrids under different storage conditions.




CHAPTERII

REVIEW OF LITERATURE

There are several reports on the heterosis and combining ability studies for fruit yield and
other morphological traits in sweet pepper. Sweet pepper is famous for its pleasant
aromatic flavour. Among the spices, dry sweet pepper contributes the major share in India
(Anon., 2003). The heterosis and combining ability studies on quality parameters such as
ascorbic acid content, sugar content and colour value efc. are limited in sweet pepper.
Hence, literature pertaining to sweet pepper and other related crops has been reviewed and

presented here.

Heterosis

The term heterosis as in now widely used, refers to the phenomenon in which the F,
hybrid obtained by crossing two genetically dissimilar gametes or individuals, shows
increased or decreased vigour over the better parent or mid parental values. Shull (1908)
referred to this phenomenon as the stimulus of heterozygosis and in his work it has been
the interpretation of increased “vigour”, “size”, “fruitfulness”, speed of development”,
“resistant to disease and insect pests”, manifested by the out breeding organisms as
compared with the corresponding inbred, as specific results of the differences in the

constitution of the uniting parental gametes.

Exploitation of hybrid vigour has gained the maximum attention at present because of the
spectacular yield increase in maize, sorghum and bajra hybrids. Heterosis breeding in
several vegetable crops viz., onion tomato, brinjal and cabbage has been found useful in
the improvement of yield potential. There is every possibility of exploiting heterosis in
sweet pepper, since the extent of natural cross pollination in sweet pepper is found to be as
high as 50-60 per cent (Murthy and Murthy, 1962) and up to 92 per cent (Gaddagimath,
1992). The literature pertaining to heterosis has been presented character wise in the

foliowing paragraphs.

Ten genotypes including five lines (Kashi Anmol, Pant c-1, japani Lingi, Kashi sinduri
and Pusa Jwala) and five testers (R-Line, VR-339, AKC-89/38, DC-16 and Punjab Lal) of
chilli were crossed to derive 25 F; hybrids (Alok er al. 2013). The 35 genotypes (10
parents and 25 Fy hybrids) were evaluated for yield and quality (capsaicin and oleoresin)

traits. Highly significant correlation was observed between fruit yield per plant and
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average fruit weight (g). The direct and indirect effect on yield revealed that the maximum
direct effect was exhibited by average fruit weight followed by number of fruits per plant
via yield per plant. The crosses Pusa Jwala xVR-339, Pusa Jwala x DC-16 and Pant C-1 x
VR-339 exhibited higher level of heterobeltiosis for most of the traits. The higher specific
combing ability (SCA) for yield was obtained in crosses Kashi Sinduri x Punjab Lal
followed by Pant C-1 x VR-339 and Pusa jwala x VR-339. Among the hybrids, Pusa
jwala x VR-339 had higher yield as well as capsaicin content; moreover, Kashi Sinduri x
AKC-89/38 exhibited the highest oleoresin content. These best hybrids (Pusa Jwala x VR-
339, Kashi Sinduri x Punjab Lal and Pant C-1 x VR-339) might be utilized for further

chilli improvement programme.

Chilli is an important cash crop in Bangladesh but average yield is very low (0.89 t/ha)
and genetic potentiality of Bangladeshi chilli landraces for hybird variety development has
not been evaluated. The objective of this study was to find out heterotic behavior
following Gardner and Eberhart model 966-11. Six different homozygous divergent parents
CCA 2, CCA 5, BARI Mistimorich-1, CCA 1I, CCA 15 and CCA 19 were used by
Hasanuzzaman ef al. (2013) to estimate heterosis. A significant amount of heterosis was
present in yield and yield contributing traits. Estimate of variety heterosis for yield per
plant was significantly positive in CCAS5 and BARI Mistimorich-1. In BARI Mistimorich-
1, the significant and positive variety heterosis for yield per plant was associated with
significant and positive estimates of heterosis for number of fruits per plant and number of
seeds per fruit, suggesting that these yield traits contributed to the final heterosis
manifested through yield. Indigenous x exotic crosses showed significant amount of
heterosis. It is possible to emphasize indigenous x exotic crosses for good fruit yield,
particularly to be used as commercial hybrids. Hybrids of BARI Mistimorich-1 x CCA 19
and CCA 5 x BARI Mistimorich-1 showed better performance.

The basic materials for the present investigation consisted of 10 diverse genotypes of
sweet pepper and 45 crosses generated from them by diallel mating. These crosses were
evaluated by Baseerat ef al. (2013) along with the parents at three different locations to
generate information on nature and magnitude of heterosis. The results revealed the wide
range of heterotic patterns for different traits. Significant and desirable heterosis of
variable magnitude was detected for percent fruit set maturity and yield traits. Heterosis

for yield appeared to be mainly due to increased number of fruits. The results depicted that



judicious selection of parents having desirable maturity and yield attributing traits was

necessary to exploit heterosis in sweet pepper.

Results are presented of a heterosis study conducted in Kanpur, Uttar Pradesh, India,
during 2002-03 with 138 genotypes of chilli (Capsicum annuum). Data were recorded by
Singh at el. (2013) on days to 50% fruiting, fruit length, fruit width (-11.6% t019.2%),
thousand seed weight (-2.57 to -10.90%), number of fruit per plant, dry fruit yield per
plant and dry fruit weight during the cropping period. The maximum variability was
shown by yield per plant, foliowed by number of fruits per plant. On the basis of mean
performance and range of varietal mean of yield and their components, the genetic

materials have enough variability.

A set of 28 F| hybrids produced from 8 x 8 diallel mating design were evaluated by Patil
and Bhalekar (2009) for earliness (-10.00 to -24.61%), growth and green fruit yield. Out of
these hybrids, Phule Mukta x AC-2 (P; x P3) was found the best for earliness and green
fruit yield per plant AC-2 x Delhi heart-2 (P3 x Pj, -19.99%) for primary branches per
plant and fruit length (0.06% to 31.02%) and Phule Jyoti x Delhi heart-2 (P1 x P7, -
18.16%) for number of fruits per plant. The data on magnitude of heterosis revealed that
hybrid Phule Mukta x AC-2 (P2 x P3, -16.92%) was superior over better parent and

commercial hybrid with respect to green fruit yield per plant.

An experiment was undertaken at Post Graduate Centre, University of Horticultural
Sciences Campus, Gandhi Krishi Vigyana Kendra, Bangalore during rabi season of 2011-
12 to evaluate 24 chilli genotypes for different growth and yield parameters. The genotype
Chikballapur Local was found by Vijaya af el. (2014) to have the maximum plant height
(118.6 cm) and plant spread (0.48 m?), while genotype Sankeshwar recorded higher
number of primary branches per plant (7.47) and the maximum fruit length (14.61 cm).
Genotype Byadgi Dabbi was observed for the maximum fruit diameter (1.60 cm), pericarp
weight (0.80 g), stalk weight (0.14 g) and number of seeds per fruit (98.42). The higher
number of fruits per plant (186.30) and dry fruit yicld (97.33 g per plant) were recorded in
the genotype Sankeshwar followed by genotype LCA-206.

Growth characteristics of 8 experimental hybrid peppers (Capsicum annuum L.) were
evaluated by Jaque ef al. (2013). Three trompito type fruits and five cuatro cascos fruit
type were studied to determine which of these represents a better productive alternative for

farmers of Azapa valley. The parameters measured were plan height determined where
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trompito type fruit plants showed no significant differences, nor on the weight of fruits
produce. In hybrids with cuatro cascos fruit type, despite showing a larger plant with
respect to trompito type, cuatro cascos hybrids type generally showed lower fruit fresh
weight and a lower percentage of moisture in them. No significant differences were found

in yield (kg/ha) among the studied hybrids of both types of fruit.

Avasiloaei ef al. (2013) observed the influence of the cultivar and plant densities on the
quantity and quality of the yield (as an expression of the following indicators: solids
content, soluble dry substance, reducing sugars, total protein and vitamin C) on a sweet
pepper crop grown in Polly tunnels in organic farming conditions. Mainly, the results
emphasize the influence of genotype on the yield quantity and of piant densities on the
yield quality. The total yield varied between 37.07 t/ha (Bianca Fy x 40 cm) to 16.67% (I
Brillante x 45 cm).

Kim et al. (2013) investigated the different DIF (day/night temperature differential)
treatments on early growth of sweet pepper plants (Capsicum annuum L.) after planting.
The DIF treatments were: DIF levels are DIF 6 and DIF 0 (23 degree C), DIF 3 (24.5-21.5
degree C). The DIF 3 and DIF 6 treatments significantly increased plant height of the
sweet pepper plants during ten weeks afier planting compared to DIF-6 and DIF 0. Leaf
area per plant of DIF 3 treatment constantly increased and the level was greatest leaf area
al ten weeks after planting. Fresh weight per planttreated with DIF -6 was lower and was
reduced 74-77% range compared to other treatments. DIF 0 and DIF 3 treatments
significantly affected dry weight and percentage of dry matter compared to DIF-6 and DIF
0.

Genetic variability, heritability and genetic advance as a percent over mean for thirty two
characters were assessed by Jogi ef al. (2013) of fifty chilli accessions at Colege of
Horticulture, Bangalkot (Karnataka) during 2010-11. High degree of variation was
observed for all characters. The difference between phenotypic co-efficient of variation
and genotypic co-cfficient of variation were found to be narrow for most of the traits. The
high estimates of heritability was found for plant spread (N-S) at 60 days (64.27%) and
120 day (65.47%) and (E-W) at 60 days (60.56%), number of fruits per plant at first
picking (98.20%), early yield (94.67%) and ascorbic acid (98.30%), fresh red chilli yield
(95.18%) and dry red chilli yield (93.71%), hundred seed weight (70.67%) and number of
seeds per fruit (94.67%) had also recorded high heritability.
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Ascorbic acid

Sweet peppers are considered to be rich source of ascorbic acid (vitamin C) and minerals.

It is the source for commercial preparation of vitamin C. Vitamins form an essential

component of nutritional quality.

The ascorbic acid content was the highest at ripening stage of sweet pepper (Howlader ef
al. 1997; Howlader and Hossain, 1997; Jha er al. 2001). Betlach (1967). There were no
marked difference between parents and F; progeny for ascorbic acid content. Similarly
Alpatev and Kherenova (1970) reported that the ascorbic acid content in hybrids was close
1o that of the better parent. Popova et al. (1970) made analysis of F) hybrids from a dozon
crosses and their respective parents, which showed no heterosis for ascorbic acid content
and for this biochemical property it was intermediate between the parents. In contrast to
this Nair ef al. (1986), observed heterotic effect for ascorbic acid content in the hybrids
Local blue x Russian and Local blue x Chinese giant. Thakur and Brar (1975) also noticed
positive heterosis for ascorbic acid content in the hybrid NP 46 x Long red while the
hybrids Suryamukhi x Gurudaspur and Long red x All season showed negative heterosis.
Seven combinations indicated lower ascorbic acid content than the mean of their

respective parents.

Khadi (2003) observed high heterosis for vitamin C content and found additive gene effect
was more predominant than non-additive gene effect. Based on these observations he
suggested that simple selection procedures could increase the vitamin C content in fruits.
Dikii and Anikeenko (1976) reported increased heterosis for ascorbic acid content ten
hybrids derived from male sterile system. Nair ef al. (1986), ina 9 x 9 diallel study
reported the highest heterosis for vitamin C content in 36 hybrids. Gaddgimath (1992) also

noticed positive significant heterosis for vitamin C.

Basavaraj (2007) opined that additive type of gene action was major in operation in the
control of this character as revealed by the fact that none of the crosses exhibited

significant heterosis over mid-parent, better parent and check parent.

Fruit yield and quality attributes of 73 genotypes of sweet pepper (Capsicum annuum)
were compared with the standard variety Pusa Jwala by Rani (1997). They identified some
entries with significantly higher values for fruit yield and ascorbic acid contents than Pusa
Jwala. The ascorbic acid content was estimated by Nawalagatti e/ al. (1999a) and found

that it was the highest in hybrids H-1 and H-2, followed by the cuitivars ‘Byadagi’ and
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“Sankeshwar’® were the least in the lines ‘GPC-80°, ‘GPC-69° indicating large genotypic
variation among the various quality parameters studied. No definite relationship between
vield and quality parameters was observed. Simifarly Rajesh Kumar et al. (2001) also

observed hybrids showing higher levels of ascorbic acid content.

Vandana et al. (2002) evaluated 45 C. annuum hybrids and their parents for heterosis and
combining ability for ascorbic acid content. The cross Yolo wonder x CW-51 exhibited

the significant positive heterosis for ascorbic acid content (14.21%).

Geleta and Latuschagne (2004) reported non-significance of average heterosis for ascorbic
acid at green mature stage which suggested the absence of dominant genetic effects for
ascorbic acid traits. They observed very high mid parent heterosis, heterobeltiosis and
standard heterosis for total soluble solids and ascorbic acid in some crosses that involved

the “PBC142A° and ‘Mareko Shote’ as one of the parents, respectively.

Total sugars

Sugar content of the fruits affects the pungency. Some pungent and some non-pungency '
types. Highly pungent types with thin and comparatively smooth pericarp are used in hot
sauces, in powdered form and in pharmaceutical industry. The mildly pungent and non-
pungent types with thick pericarp are used in the green form for flavouring vegetable

dishes and for making pickles.

Quatitative components of three local sweet pepper (Capsicum annuwum) morphotypes viz.
long (C-19-D, P-3), medium long and round were (Baromahsi) assessed for sugar content
at various stages of fruit development by Howlader et al. (1997). They opined that fruit
size, free acid, total sugar and ascorbic acid contents increased with advancing maturity.
Basavaraj (1997) studied heterosis and combining ability for reducing sugars in sweet
pepper. Thirteen crosses showed significant heterosis over mid parent, nine crosses over
better parent and 23 crosses over commercial check, revealing the operation of the
dominance and over dominance effects. However, for the trait non-reducing sugar the
heterosis studied indicated partial dominance as none of the crosses showed significant

heterotic effect either with mid-parent, better parent or with check parent.

In a study on sweet potato, hybrids derived from interspecific crosses showed more
heterosis for sugar content and were more resistant to Ditylenchus dipsaci than the hybrids

derived from the intervarietal crosses (Xie ef al., 1992).
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Twelve parental cultivars and 35 F, hybrids of bell pepper were evaluated by Kaur ef al.
(2011) for the degree of heterosis and heterobeltiosis in relation to total soluble sugar
(TSS), phenols and glycoalkaloids and fruit dry matter. The degree of variation among
parental cultivars was 7.17 to 27.86 mg/100 g fresh fruit weight (FFW) for total soluble
sugars. For TSS, the heterosis ranged from -54.93 to 100.02 per cent over the mid parent
and from 70 to 75.64 % over the better parent (Morvi 4-2 x Aruna).

Phenols

Phenol content offers resistance to plants (Sadasivam and Manickam, 1992). The
manipulation of inherent potential of plants in the form of resistant varieties is a cheap,
viable and eco-friendly alternative to reduce losses from biotic stresses. Heterosis

exploitation is the best method for exploiting total free phenols for resistance.

Nawalagatti ef al. (1999b) observed decrease in the total phenol content after infection of
disease among all tested plants. They reported the decrease being higher in the susceptible
varietics ‘Byadagi’ and ‘Sankeshwar’, lines, ‘KDSC-10-10’, “‘GPC-6’ and ‘GPC-77’ and
both hybrids H-1 and H-2. The least reduction in phenols and dry fruit was observed in
‘GPC-69°, ‘GPC-80° and ‘Jwala’ indicating their resistance to murda complex. Similarly
Chander (1994) reported that levels of total phenols were higher in capsicum cv.

1HRS517A, resistant to Leveillula tawrica than in susceptible IHR423.

Kaur ef al. (2001) evaluated 12 parental cultivars and 35 F; hybrids in brinjal. The degree
of variation among parental cultivars was 0.63 10 3.94 g/100 gm fresh fruit weight (FFW)
for phenol content. For the total phenol content the relative heterosis and heterobeltiosis

(HB) ranged from -93.31 to 382.38 and -85.29 (PN-1 x PBS-12) to 840.38 %.

Colour value

The quality of total pigments in red pepper fruits and ground paprika are of great
importance. The pericarp of fruits of few cultivars was analysed individually for content of
total pigments by ASTA (Amerian Spice Trade Association) method. The average two-
year data of extractable colour in ASTA units reveals that Buketon 50 var. has the biggest
content of pigments-269 ASTA units (Todorovav ef al., 1999). Colur is one of the most
important attributes of red sweet pepper and paprika. Little is as yet known about the
inheritance of the four genes known to control colour which is made up of about 20

carotenoids. Colour is measured spectrophotometrically in ASTA units or SICU (Standard
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International Colour Units), with 100, 000 SICU being equal to 2500 ASTA units
(Bosland, 1993).

Sweet pepper is a natural food colouring agent and is a common ingredient of almost all
Indian dishes. The sweet pepper industry is based upon the value of the dried fruits both as
a natural food colouring and as a pungent spice. Red colour in mature fruits is due to
various carotenoids. High carotenoid levels in commercial cultivars are the goal for the

private and public sweet pepper breeders (Lippert, 2005).

Lippert (2005) opined that the total cartenoids of the dry pericarp was generally higher in
hybrids. However, the greatest increase in carotenoids was evident in hybrids involving
the low carotenoid parents (i.e. Red sweet pepper), with superior parents recording the

same (sweet pickles).

In another study conducted by Kaul and Sharma (1988), twelve diverse bell pepper lines
were crossed with two testers viz., California wonder and Yolo wonder, in a line x tester
design. Twenty four F;s along with their parents were evaluated in a randomized block
design with three replications. They considered fruit shape, fruit colour and market
acceptability and found that the cross HC-201 x Cali‘fomia wonder producing bell shaped

fruits of green colour which could be accepted as a beil type Fy hybrid.

Uppal et al. (1997) crossed 18 lines of tomato with five testers. The resuiting 90 hybrids
were compared with four commercial and two experimental hybrids. All F, hybrids
showed significant differences for the characters studied. The content for total yield

marketable yield, fruit firmness and fruit colour also exceeded the parents.

Yield

Yield is the ultimate goal of plant breeder which could be achieved through heterosis

breeding.

Roechetta er al. (1976) reported F; hybrids involving parents having high and
intermediate, low x low yield values producing heterotic combinations. Popova and
Mihailov (1972) reported positive heterosis for fruit yield and they highlighted the
importance of pollination with mixture of pollen parents, which they say as onc among the

reasons for the marked heterosis for yield than normally produced hybrids.
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Dikki and Anikeenko (1976) developed many heterotic hybrids from back cross and
cytoplasmic male sterility. The best hybrids developed exceeded the standard by 32.52 per
cent. Bhat (1981), Pandey et al. (1981) and Khadi (1983) reported significant heterosis
over mid, better and best parents. Heterosis percentage ranged between -40.15 and 239.21
per cent over mid parental value, between -41.85 and 211.75 per cent over better parental

value and between 0.95 and 54.87 per cent over best parental value.

Milkova (1996) reported that the heterosis noticed in hybrids could be exploited
potentially by choosing parents in which non-additive effects were predominate in the
inheritance of more important quantitative characters. Chen (1985) recorded 200-300 per
cent increased yield in hybrids compared to the contro! varieties. Heterosis for this trait
was found to be significantly superior and positive in hybrids which are: derived from
using CMS-lines as female parent, Mashram and Mukewar (1986) also reported that
exploitation of heterosis in sweet pepper is economically viable with MS-system. Josht
(1986) recorded significant heterosis for this character. The average heterosis was 88.7 per
cent. They identified the cross Yolo wonder x bull nose which recorded 164.4 per cent
increased yield over the best parent In a 9 x 9 diallel genetic study by Nair er al. (1986)
recorded significant positive heterosis for yield. The cross Purple round x Vellanotechi
and Pant C-1 x Purple Chister were the most promising hybrids identified in their study.
Low magnitude of heterosis was reported by Gopalkrishnan et al. (1987). They werc of
the opinion that additive effects played a major role in inheritance of this character.

Thakur (1987), Miranda ef al. (1988) out yielded control by 77.9 %.

Jarnail Singh (1987) observed that the cross MS12 x MS27 gave the highest yield 70.9 per
cent more than the male parent and 235.7 per cent more than standard variety Punjab Lal.
Whereas Ashtankar and Jaipurkar (1988) recorded significant heterbeltiosis for yield (upto
23%) for the cross G4 x Pant C-1, X-235 x Jawahar 218 and Jwala x K-2. Similarly,
Thomas and Peter (1988) noted standard heterosis of 108.3 per cent a cross between Bell
Boy x KAU cluster. The highest standard heterosis for pod yield per plant was obtained in
the F) hybrid involving NP-46A and Kalyanpur yellow parents (Ram and Lal, 1992,).
Bhagyalaxmi et al. (1991) reported that the best yielding hybrid was LCA-2006 x LCA-
960 (638 g per plant). Gaddagimath (2002) reported heterosis over mid parent ranges from
-21.29 to 223.96 per cent for dry fruit yield per plant while a range of -73.10 to 89.40
heterobeltiosis for yield per plant was observed by Jagadeesha (2005).
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Basavaraj (1997) observed that the cross Dindhur x G-3 exhibited significant positive
maximum (205.87%) heterosis over its better parental values. Ten crosses had significant
positive heterosis over the commercial check. Seventy-three genotypes were compared
with standard variety Pusa Jwala by Rani (1997) for fruit yicld and quality attributes. The
var. Kaliyanpur Chaman was recommended to use to improve yield and ascorbic acid
content. An experiment was conducted on heterosis using 10 parental lines and their
diallel crosses excluding reciprocals by Doshi and Shukla (2000). The results showed a
considerable amount of heterosis in the desired direction for all characters including yield
except fruit weight and total chlorophyll. Similarly Gandhi et al. (2000) also conducted
experiment on heterosis using same design. They produced 15 hybrids, out of which four
exhibited significant heterobeltiosis, whereas 11 were significantly heterotic over the
standard check. The cross HC44 x 1C-119769 was the best hybrid yielding a dry fruit
weight of 131.83 g per plant followed by Jwala x IC-11969 (121.33 g per plant).

Lohithaswa ef al. (2001) opined that the heterosis values when considered alone were
misleading as there was no correspondence with per se performance. They crossed ten
parental lines in diallel design. Prasad ef al. (2003) studied a set of 36 F; hybrids préduced
from a 9 x 9 half diallel mating design. They were evaluated for fruit length, fruit width,
number of fruits per plant and dry fruit yield per plant. Data on magnitude of heterosis
revealed that hybrid VR-2 x VR-55 was superior over the best parent and standard check
with respect to number of fruits per plant. VR-1 x VR-2 was superior over the best parent

and standard heck with respect to number of fruits per plant.

Rajinder er al. (2001) crossed three lines of sweet pepper with fourteen pollen parents n
line x tester design. Seventeen parents along with forty two hybrids were grown in
randomized block design in three replications. The extent of heterosis over better parent
was 316.26 per cent for early yield and 108.17 per cent for total yield. The cross Punjab
Guchheder x RHCH UP and 1t-2 x Loria manifested the maximum heterosis for fruit
number and total yield. Similarly Patel e/ al. (2001), developed hybrids from crossing
three lines and eight testers. The estimates of heterosis were determined based on the mean
performance of sweet pepper hybrids for yield and yield components. The cross 5-99
xDPS-120 exhibited significant standard heterosis (15.30%) for green fruit yield.
However, the maximum relative heterosis (85.38%) for green fruit yield was observed in
cross G-4 x Anand sweet pepper-1. The development of hybrids and their population for
commercial cultivation is possible and can be exploited with low production costs. Using
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male sterile line’ MS-1 for hybridization programme 20 hybrids were developed by
(Thiruvelavan ef al., 2002). The hybrids performed better than the control in terms of yield
and yield attributes. MS-1 x CA119 was the most heterotic hybrid for number of fruits per
plant and yield per plant.

Vandana et al. (2002) developed 45 C. annuum hybrids and evaluated them along with
their parents for heterosis and combining ability for fruit yield per plant, fruit number per
plant and ascorbic acid content. The greatest average heterosis was recorded for fruit yield.

Yolo wonder x CW-51 exhibited the greatest heterosis over the best parent (51.78%).

Combining ability

According to Sprague and Tatum (1942), the general combining ability is the comparative
ability of a line or a genetic stock to combine with a tester or a group of testers. It is a
deviation of the mean performance of all the crosses involving a parent from overall mean
of all the crosses involved in the study. General combining ability includes additive
variance and additive » additive interaction variance, while, SCA variance includes,
additive x dominance, dominance » additive, dominance x dominance interaction variance
and dominance variance. Additive genetic variance (AGV) arises due to the allelic
interaction of the segregating genes. The ratio of the GCA variance to SCA variance

indicates the predominance of the additive or non-additive variance.

Ten diverse genotypes of sweet pepper (Capsicum annuum 1..) crossed in a diallel fashion
and 45 cross combinations generated from them, were evaluated by Baseerat ef al. (2013)
at three different locations to study general and specific combining ability of parents and
crosses, respectively. Based on overall sea performances, the cross combinations viz., SP-
21 x SP-31, P-21 x SP-614, SP-82 x SP-614 and SP-82 x SP-32 were found to be
desirable for most of the traits. These cross combinations are likely to yield desirable
segregates. These cross combinations resulted out of crosses between the parents with high

= high, high x low or average x high general combining ability.

The main research progresses of sweet pepper breeding in recent years in China were
summarized by Zhang et al. (2013). The research achievements in selective breeding,
hybrid breeding, mutation breeding, anther culture breeder and gene engineering breeding
were introduced. In addition, the developmental direction of sweet pepper breeding in the

future in China was discussed.
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Ninety four paprika accessions were evaluated by Kumari e/ al. (2014) for seventeen
different characters for variability, heritability, genetic advance as percent of mean and
genetic divergence. Higher phenotypic and genotypic coefficient of variation, heritability
coupled with high genetic advance was observed for number of fruits per plant including
fresh fruit yield per plant, dry fruit yield per plant, thousand seed weight, Number of seeds
per fruit, capsanthin, capsaicin and oleoresin content. This indicated the higher magnitude
of variability for these traits traits and consequently more scope for their improvement
through selection. Plant height, plant spread and fruit diameter exhibited moderate PCV
and GCV estimates suggesting the possible role of environment in expression of these
characters. Mahalanobis D? analysis classified the genotypes into 10 clusters indicating
considerable genetic diversity. Forty crosses were attempted in line x tester design using
the diverse parents belonging to different groups. Among 14 parents, 7 parents have
significant positive GCA effect for dry fruit yield per plant with maximum observed in
LCA- 428 (134.49) followed by LCA-436 (111.51) and LCA-432 (53.45). These parents
had significant positive GCA effect for number of fruits per plant, 100 seed weight,
number of seeds per fruit, capsanthin content, days to 50 per cent flowering, days to
maturity, fresh fruit yield per plant, weight of dry stalk less fruits per plant. The parent
LCA-422 exhibited the highest negative GCA effect for days to 50 per cent flowering,
days to maturity and significant GCA effect in desired direction for number of seeds per
fruit, thousand seed weight, capsanthin content. LCC-422 is useful for incorporating
earliness, low pungency and high color. Best five hybrids with high per se performance for
fresh fruit yield per plant were LCA-436 x CA-960 (279.7), LCA-436 V Byadagi Dabbi
(207.39), LCA-422 x CA-960 (217.19), LCA-431 x Byadagi Dabbi (220.3) and LCA-414
x Byadagi Dabbi (175.06). These hybrids also exhibited high SCA effects for total yield
per plant and yield components. Hybrids LCA-436 x CA-960 and LCA-436 x Byadagi
Dabbi also exhibited significant SCA effects for plant spread number of fruits per plant,
100 seed weight, number f seeds per fruit and days to maturity. The crosses LCA-437 x
KTPL-19 and LCA-437 x CA-960 had significant SCA effects in desirable direction for
capsaicin content. The cross LCA-414 x KTPL-19 considered the best as it had desirable
SCA effects for quality (capsaicin and capsanthin). The crosses LCA-436 x CA-960,
LCA-436 x Byadagi Dabbi, LCA-422 x CA-960, ICA-414 x Byadagi Dabbi were the best
for both yield and quality.
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An 8x8 half diallel set involving diverse parents was studied by Patel e al. (2013). The
present study revealed that none of the parents were good general combiners for all the
traits. Even though parents [IVPBC-535 and SC-5 that were good general combiners for
most of the traits which, could be used in future breeding programme in chilli for
obtaining desirable segregants, the SCA effects in general are relatively less significant in
self-pollinated crops like chilli. However, cross combinations with high degree of SCA
effects involving both the parents having good GCA effects would be ideal for deriving
desirable genotypes in advance generations. From this point the combinations IVPBC-535
x ACS-03-14 and IVPBC-535 x SG-5 would ideal one which may serve as a better source

population for deriving superior segregants in advanced generations.

Six generations (Py, Py, F1, F2, By, B2) of chilli were derived during 1999 and 2000 by
crossing of one common female parent P (PBC 830) with each of male parent i.e. PI's {S-
2530, Punjab Lal, Ludhiana Local Selection (LLS), Ooty Round, Anheim Thick Green
(ATG)2 and Pepsi-7] and were evaluated during 2001 at Ludhiana, Punjab by single plant
randomization to find out the nature and magnitude of gene effects for dry matter content
in chilli. In all the crosses, the F| means were intermediate between their corresponding
parental means but higher than their respective mid-parental means suggesting partial
dominance towards the higher parent (PI). From the ABC scaling test and three parameter
joint scaling test, the presence of epistasis was detected in only three crosses of PBC 830
with $-2530, Pb Lal and Pepsi-7 but second-degree statistics indicated the absence of
epistasis. The significance of only additive component of variance also confirms the
predominance of additive effects. hence, it can be concluded that additive effects with
partial dominance has more influence on the inheritance of dry matter content of chilli

fruits, which may be improved through simple selection (Dhall and Hundal, 2010).

Silva et al. (2014) studied to characterize genotypes of a base population of pepper
(Capsicum annuun L.) used 54 plants of F; generation of ornamental peppers based on the
following morphological characteristics: plant height (PH), canopy width (DDC), first
bifurcation height (APB), stem width (DCL), stem length (CFL), lcaf length, leaf width
(LFL), corolla length (CDC), anther length (CANT), style length (CES) and petal width
(LAP). the experimental design was in a completely randomized with three replications.
Data were analyzed by ANOVA with subsequent grouping by Scott-Knott criteria (p d
1.01). LTB is the descriptor with the highes't heritability (99.22%), first bifurcation height
(6.76%) and plant height (4.58%) had the highest contribution to the variability.
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Thirty genotypes of chilli were evaluated by Yudhvir and Madhu (2008) in a randomized
block design with three replications during the kharif season of 2005 and 2006 to study the
extent of association and to understand the direct and indirect effects of component traits
on yield, at the experimental farm of the Department of Vegetable Science and
Floriculture, CSK HPKYV, Palampur. In general, genotypic correlations were higher than
the corresponding phenotypic ones for most of the traits indicating the existence of
inherent association among these traits. Correlation and path analysis studies indicated that
average fruit weight, number of total and marketable fruits per plant and fruit length
contributed considerable for the marketable green yield. Among quality traits, ascorbic

acid exhibited significant and positive association with TSS.

Fifty three genotypes of Capsicum annuum L. collected by Datta and Das (2013) from
different parts of the West Bengal, India were characterized for 23 characters namely,
stem colour, plant growth habit, branching habit, leaf size, leaf shape, leaf margin, leaf
colour, leaf pubescence, pigment at node, flower per axil, corolla coulur, anther colour,
calyx margin, mature fruit colour at intermediate stage, fruit shape, fruit position, fruit
adherence to the calyx, fruit shape at pedicel attachment, blossom end fruit shape, ascorbic
acid content of the fruit, capsaicin ted fruit and colour value of the ripe fruit. These
genotypes upon cataloguing showed distinct variations with respect to vegetative,
inflorescence, fruit and quality characters. These characters may be considered as reliable

selection indices as they are possibly governed by additive gene effect.

Khadi (2003) reported preponderance of GCA variance for fruit exocarp thickness, seeds
fruit”?, 1000 seed weight and fruit yield. He found Jwala, Sankeshwar and EC-764592
with significant general combining ability for these traits in sweet pepper fruits. Sontakke
(2002) in a diallel genetic analysis noticed significant GCA and SCA effects for both
parents and hybrids for ascorbic acid content in fruits. They identified parents CA960 and
Pant C-1 as good general combiners which showed significant high GCA values
Maximum SCA effect was noticed in the cross Pant C-1 x Trisin (Capsicum annuum L.

var fasciculatum (Surt).

Gaddagimath (2005) in a combining ability analysis reported preponderance of SCA
variance for vitamin C content in green and ripened fruits. Parents Ceylon, G-3, Jwala and
Managaon were found to be good general combiners for ascorbic acid content in green and

ripened fruits. Gaddagimath (2002) also found that the magnitude of SCA variance was
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more than GCA variance indicating predominance of non-additive gene action for the

character.

Bhagyalaxmi ef al. (2001) crossed six diverse varicties of sweet pepper (Capsicum
annuum L.) viz., LCA-206, LCA-1079, LCA-960, LIC-13, X-235 and G-4 in all possible
combinations (excluding reciprocals ) in a diallel design and reported the preponderance

of SCA variance indicating the importance of non-additive gene action.

The parent IHR-328 exhibited significantly the highest GCA effect for seeds fruit”’, 1000
seed weight, fruit thickness and yield. In general, good yielding parents showed high GCA
effects. Seven out of 36 hybrids showed significant SCA effects. The maximum SCA
effect was noticed in the cross CA 960 x IHR 328 (Sontakke, 2002). Significant additive
gene effects for yield were reporied by Dolgikh and Sviridova (2003). They found that

parent Selecta and Svriylovas were good general combiners for these characters.

Basavaraj (2007) reported that the female parent Sindhur and four lines exhibited
significant positive GCA effects. The lines which exhibited significant positive GCA
effects were THI-1, ABS-1, SIC-10-166b and G-3. This revealed the additive gene action
for these traits. There were eight crosses with significant positive SCA effects and eight
crosses with significant SCA effects in negative direction indicating the preponderance of

non-additive gene effects.

Six diverse genotypes of sweet pepper were crossed in a half diallel form to estimates
heterosis and combining ability. Gandhi e al. (2010) found involvement of both additive
and non-additive gene action for expression of all characters studied. By taking the per se
performance, heterosis and SCA effect in to consideration, they opined that the cross
HC44 x IC119769 was the best hybrid yielding a dry fruit weight of 31.85 g per plant,
fresh plant weight, dry matter per plant and green fruit yield.

Combining ability analysis was carried out in 30 F; sweet pepper hybrids by Devi and
Arumugam (2009). The analysis of variance clearly indicated the role of additive and non-
additive gene action in the control of all the traits under study. The parental line, K2 was
adjudged as good general combiner followed by PKM-1. All the sweet pepper parents
exhibited higher effect for canopy spread, stem girth and fresh fruit yield per plant. In F

crosses, the hybrids with low x low, high x high, low x high, low x medium and high x



medium GCA effect exhibited high SCA effects for all characters clearly indicating the

role of additive and non-additive gene action.

Ascorbic acid

Betlach (1967) noticed high combining ability for ascorbic acid content in sweet pepper
varieties viz., Cece sweet, Severka, Sivriva 600, Wisconsin lakes and Sweet Mameth Red.
Similarly Alpatev and Khrenova (190) found high GCA effect for ascorbic acid content in

early round and selected northern varieties.

A diallel cross set involving five inbred varieties was taken up for investigation of the
inheritance of ascorbic acid content in sweet pepper by Thakur and Brar (1975). They
found NP46 and long red were good general combiners and the hybrid between these two

parents was found to be the best specific combination for ascorbic acid content in sweet

pepper.

In a diallel cross involving five inbreds, Thakur and Brar (1975) reported partial
dominance gene effects for ascorbic acid content. The two varieties Long Red and All
season showed the presence of additive gene effects while NP46 and Suryamukhi

exhibited complementary epistatic gene effects.

Don et al. (1995) evaluated 12 genotypes and their 66 F, F2 and backcross populations.
They reported dominance, additive x dominance and dominance x dominance gene effects
in the contro! of total soluble solids content, pericarp thickness and locul number whereas,

additive and additive x additive effects were important for ascorbic acid content.

The highest specific combining ability for all the characters was observed in cross Yolo
Wonder x CW-51 (Vandana et al., 2002). The parental lines CW-51 and SC1-2 were good

general combiners for ascorbic acid content. They observed non-additive gene action.

Kumar ef al. (1997) opined that additive genes control vitamin ¢ content in case of tomato.
They observed that the best cross combinations studied involved at least one parent with
high GCA effects. Hence, high GCA effects can be used as criteria in selection of

desirabie parents for heterosis breeding for processing characters.

Basavaraj (1997) noticed highly significant GCA effect with K cluster and significant
effect with byadagi, indicating the presence of additive gene effects. This has been further
confirmed as none of the crosses expressed the significant SCA effects, indicating the
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absence of non-additive effects. Thus, it can be concluded that the trait non-reducing
sugars is predominantly controlled by the additive genes. Additive inheritance was also

observed for the trait reducing sugars.

Colour

Nazzer ef al. (1992) studied inheritance of red and purple fruit colour in six generations
derived from Shalimar long x Pusa Jwala and SPE-1 x Shalimar long, respectively. F,
mean values indicated partial dominance of bright red over light red colour and purple

fruit colour over green.

Rajinder ef al. (2001) crossed three female and 14 male parents in line x tester fashion for
combining ability analysis and reported that non-additive components predominated for
dry matter, colouring matter in powder, oleoresin, oleoresin (%) and oleoresin yield. The
mate parent S-2529 was a good combiner for oleoresin and colouring matter in powder.
The cross combination Punjab Guchhedar x LLS recorded signiﬁéant specific combining

effect for colouring matter in sweet pepper powder.

Nandadevi e al. (2003) developed 15 hybrids in diallel cross (excluding reciprocals).
They reported significant SCA variance for fruit colour indicating importance of non-

additive gene effect for this trait.

Lippert (2005) opined that additive effects were more important than non-additive effects
in determining variation among hybrids for dry fruit yields. He concluded from his study
that either reciprocal recurrent selection or reciprocal full sib selection would result in

improvement in both additive and non-additive gene actions.

Gopalkrishnan er al. (2007) reported significant GCA variances which indicated
predominance of additive gene action. They suggested the use of simple breeding methods
viz., pedigree and bulk for genetic advancement in this character. Kaul and Sharma (2008)
in an L x T analysis noticed that the variance due to general combining ability was higher
than specific combining ability. This indicated the preponderance of additive genes. They
reported that California Wonder was a good general combiner for yield and among the
hybrids the cross Mid-Was x Yolo Wonder exhibited significant SCA effects for fruit
yield per plant.
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Gaddagimath ef al. (2005), Patil (2009), Nowaczyk e/ al. (2003), Vandana ef al., 2002)
and Jagadeesha (2005) reported GCA variances to be higher in magnitude than SCA
variance. Nowaczyk et al. (2003) observed highest GCA for yield with Stano variety. It is
recommended that GCA estimates and per se performance to be taken together when

assessing the breeding value of a cultivar (Subodh ef al., 1997).

Preponderance of SCA variance for yield was reported by Kumar and Nandapuri (2003),
Sharma and Saini (2007) and Singh and Singh (1978). Khalf-Allah er al. (2005) reported
presence of high SCA variances for yield. Miranda e al. (1998) in a 6 x 6 diallel study
also noticed that SCA (non-additive) was more important than GCA (additive) variance
for this trait. They further identified parents BGH-18 and amarelio Italiano as variance for
this trait. They further identified parents BGH-18 and Amarello Italiano as good general
combiners and noticed high significant SCA effects in the crosses BGH-3041 x
Agronomic 10G and Line P14-8 (8FV) x Masson. They also observed in most of the best

crosses, the parents involved did not share high GCA effects for this character.

Pandey ef al. (2003) opined that preponderance of non-additive gene action for the
expression of the trait. The Fy hybrids 651-61-10 x A-4, Assam 5B x A-8 and SPS-1 x A-

8 were promising specific combinations for number of characters including yield.

Sing and Sing (1982) found that both additive and non-additive components were
important for the inheritance of this character. They also reported that the non-additive
component of genetic variation in BCl progeny was more compared to additive
component. Similarly, Milkova (1979) observed the role of both additive and non-additive
effects in the inheritance of this trait. Similar observation was reported by Cao and Su

(1987) for dry fruit yield per plant.

Lohithaswa ef al. (2000) developed 45 I using ten parental genotypes of sweet pepper
from a half-diallel cross and evaluated for fruit yield and its components in three
“environments. Highly significant variation due to genotypes and environment was
observed for all ten traits studied. Pant C-1, Arka Lohit, RHRC 16-5 and §-235 were good
general combiners and 15 crosses were identified as good specific combiners for fruit
yield and other related traits. Whereas Murthy and Deshpande (1997) and Nandadevi e! al.
(2003), in their experiment, told that the crosses RHRC-cluster-Errect x Pant C-1 and
LCA 206 x Pant C-1 has high positive significant SCA effects for green fruit yield per
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plant. They opined that the parental line Pant C-1 as the best general combiner based on

the estimated of general combining ability effects.

2.5. Maturity indexes and ripening of sweet pepper

Most bell pepper fruits are green at the unripe stages and they become red as they ripen.
However, the fruits of new varieties may be white, yellow, orange, red, purple, brown, or
black. Ascorbic acid, provitamin A carotenoids, proximate composition and 11 mineral
elements were evaluated by Simonne et al. (1997) and Boonyakiat ef al. (2008) in these
unusually colored bell peppers (Capsicum annuum L.) over a 2-year period, peppers were
grown at the same location following current recommendations for bell pepper production.
The fruits were harvested at the unripe and fully colored stages. For each variety, total
ascorbic acid and provitamin A contents were determined on two independent samples by
microfluorometry and HPLC, respectively. Minerals and proximate composition were
determined by AOAC methods. Ascorbic acid (PO 0.001), provitamin A (P O 0.001),
protein (P O 0.001) and some minerals (P O 0.001), were affected by genotypes and color
stages (R’A 0.96), but fat or moisture was not (P U 0.05). Ascorbic acid increased as color
developed in some cultivars, but remained unchanged or decreased in others. Black, purple
and white peppers contained lower ascorbic acid levels compared to the green, yellow,
red, brown, or orange peppers. Provitamin A increased as color developed in most
cultivars except for yellow varieties. Brown pepper had the highest provitamin A activity

compared to other colored peppers q 1997 Academic Press.

Physica! and chemical properties that influence textural properties of pasteurized pepper
rings of four jalapeno pepper cultivars were determined by Gu, Y. S ef al. (2009).
Hardness cohesiveness, gumminess and chewiness were positively correlated with
moisture and wall thickness and negatively associated with water soluble pectin and
alcohol insoluble solid (AIS) contents. After 90 days’ storage, Veracruz peppers were
firmer than the other cultivars due to their greater levels of chelator soluble pectin and
bound calcium and lower levels of water soluble pectin. Texture measurement of fresh

peppers was not reliable predictor of firmness for pasteurized peppers.

Alpha and beta carotene, provitamin A activity, dehydroascorbic acid, L-ascorbic acid and
total ascorbic acid content of “jalapeno, “bell,” long green/red “chile,” “serrano” and
“vellow wax” peppers (Capsicum annuum L.) at green and red stages of maturity were

determined by HPLC. Effects of thermal processing on vitamin A and C retention in
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“jalapeno” peppers was also determined by Lee and Kader (2000) and Howard et al.
(2004). Provitamin A activity ranged from 27.3 to 501.9 Retinol Equivalents (RE/100g).
Ascorbic acid concentration ranged from 76.1 to 243.1 (mg/100g). Provitamin A activity
and ascorbic acid content increased with maturity in all cultivars. Thermal processing of
“Jalapeno” cultivars resulted in a 25% decrease of total provitamin A activily and a 75%

decrease in total ascorbic acid.

Greenhouse-grown ‘Bison’ and ‘Doria’ peppers (Capsicum annuum 1..) were harvested by
Lin ef al. (2003) when mature green (MG) (>95% surface green) or ripe (>95% of surface
red or yellow). Both cultivars responded similarly to temperature and neither exhibited
chilling injury (CI), as indicated by surface pitting, after storage at 13°C for 1 or 2 weeks.
Ripe peppers showed no CI when held at 1° C for 1 or 2 weeks, while MG peppers
exhibited CI after these treatments. Exposing MG peppers to 1°C for 3 days caused CI and
stimulated CyH4 (12.3x) and CO; production (2.5x). In contrast, a similar exposure of ripe
peppers did not cause CI but stimulated C;H,4 (6.5x) and CO; production (1.4x). It scemed
that CO, and CyH4 production was stimulated by exposure to IC, not necessarily by CI

development.

Water-, chelator- and alkali-soluble pectin were isolated from raw and hear-processed by
Jalapeno peppers (green and red) and their physiochemical and rheological properties were
determined by Mendling et al. (2012). The content of xylose, rhamnose and mannose in
pectin was highly altered by tested factors. The degree of methyl esterification of pectin
ranged from 26.8 to 91.6%.The peak Mw of the main fraction of tested pectin was
sequentially reduced by ripening and heat processing. Pectin from raw peppers showed the

best viscosity properties.

Changes in the quality characteristics of Harvester peaches related to ripening for 1, 3, 6
and 7 days and at different maturity “stages as determined by Manandhar er al. (2005) and
Meredith er al. (2008) the use of color chips (grades) were correlated. Hunter value L and
b had only slight change while o values increased and hue angle (&) decreased with
ripening as chip maturity increased. Firmness and titratable acid decreased as ripening
progressed. Ac maturity: {chip 3 and above) and days of ripening increased, soluble
solids/acid ratio increased. No changes were found in the total phenolics with increasing

chip maturity: however, with increasing days, ripening (day 6 and above) increased were

found.
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The mode of breakdown of vitamin C can best be explained by a first-order reaction but a
significant quadratic time effect has been determined by polynomial regression
calculations (Nagy, 1990). Plots of leg rate (loss of vitamin C) vs. 1/T for canned orange
juke showed two distinct Arrhenius profiles. Whereas canned grapefruit juice showed only
one. Retention of vitamin C'is greater in canned than bottle juices because of the reducing

activity of the tinplate.

To determine the effect of irrigation with saline water (15 and 30 mM NaCl) on yield and
quality of peppers, plants were grown hydroponically under greenhouse conditions in
perlite, a common growing medium used for commercial cultivation. Fruits were collected
by Pareck (2011) and Pretel ez al. (2005} in three states of maturity (green, turning and red
states) and the changes in fruit quality that take place during these maturity stages were
studied also, in order to find the optimal harvest time, with respect to fruit quality. With
these moderate salinity levels, there was a linear relationship between NaCl concentration

and reduction of the total yield of pepper.

Some peppers (Capsicum sp.) exhibit a primary seed dormancy at harvest. This study was
designed by Sanchez ef al. (2003) to examine the effect of fruit maturity, dry and moist
seed storage and seed postharvest maturation trcatments on the seed germination of four
bell pepper cultivars (Capsicum annuum L., cultivars ‘Early Calwonder’, Resistnt Giant
No. 4°, ‘VR2’ and ‘Yolo Wonder’). In 1987 and 1988, fruits were harvested 30 (mature
green), 40 (breaker), 50 (mature red) and 60 (over mature red) days postanthesis (dpa) and
seeds were extracted for dry storage treatments, or allowed to remain in fruits for
postharvest maturation treatments of 0, 7, 14, 21 and 28 day periods. In 1988, seeds were
also stored over water or saturated salt solutions which provided relative humidity of 7, 51
and 97.5% to determine the influence of seed moisture during seed storage. Seeds from
red and over-mature red (50 dpa and 60 dpa, respectively) fruit generally had greater dry
weights and higher germination percentages relative to seeds from less mature fruits. The
levels of polyamines (PA) and abscisic acid (ABA) in the pericarp of California variety
pepper fruit (Capsicum annuum L.) were analyzed by Serrano ef al. (2009) during
development and ripening. Putrescine level was 2.75 pmol g fresh weight 7 days after
fruit set and fell during the exponential stage of growth to 1.05 pmol g’! fresh weight. The
decrease in putrescine and ABA levels and the subsequent increase in the Jatter may be

responsible for controlling the processes of ripening in pepper fruit.
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The effect of harvesting sweet pepper ‘Domone’ fruit at different stages of growth and
development on physicochemical attributes was studied by Tadesse er al. (2012). The
suitability of fruit fresh weight, diameter and length, weeks from anthesis, total soluble
solids (TSS), fruit colour change, firmness, internal CO, and C3H4 concentrations as well
as fruit respiration and ethylene production as maturity indicators were evaluated. Fruits
were harvested weekly until fully red ripe. Fruits took 8 weeks after anthesis (WAA) to
reach harvest maturity. and a further 2-3 weeks to reach full ripeness (11 WAA). Fruits
exhibited a sigmoid growth pattern. Hue angle (change in colour from green to red)
declined with time while chroma (colour intensity) values increased with fruit maturity, as
did TSS. An increase in PiC02 and PiC2H4 accompanied the decrease in hue angle. They
found significant variation in lightness (L*) and chroma index (C*) among the hybrids
ranging from 32.9 to 42.1 and 38.7 to 50.5, respectively. Colour change and TSS were

reasonable indicators of maturity of sweet pepper fruit complemented with fruit firmness.

Fresh sweet pepper (Capsicum annuum L.) destined for industry grown in different sites
was cold stored in order to analyze the effect of different sites and storage conditions on
the quality of the product at harvest and during storage. Storage during 10 days at 8°C was
the best storage condition to improve quality of pepper destined for industry, because
colour was improved, weight loss (1-1.6%) was lower than the maximum permissible and
decay incidence was only between 0% and 2.3%. Harvest should be delayed until pepper
reaches the red state in order to increase the quality of the fruit. However, these results
suggest that pepper growers should assure a high content of Ca (>0.6 g kg™') in the soil to
avoid a high incidence of decay during storage when a late harvest was needed to
guarantee the enhancement of colour in pepper fruit destined for industry. These storage

conditions were studied by Will et al. (2008) to improve the sensory quality of roasted

pepper.

The effect of salicylic acid (SA) and calcium chioride (CaCly) treatments on the
physicochemical characteristics, softening and antioxidative enzyme activities of sweet
pepper fruits packaged in plastic (polythene) bags and stored at 25%C and 10° C were
evaluated by Rahman ef al. (2007) at 0, 9 and 18 days of storage period. The activities of
cell wall modifying enzymes such as polygalacturonase (PG), pectin methy] esterase
(PME), cellulase, beta-galactosidase and antioxidant enzymes like peroxidase (POD),
catalase (CAT) and ascorbic acid oxidase (AAO) were clucidated in the fruits of
experimental sets and they were compared with that of control set. Fruits treated with SA
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and CaCl, showed a significant (p < 0.05) delay in changes of weight, total soluble solids
(TSS), p”, titrable acidity (TA) and shelf life compared to untreated control fruits. The
data of the present study may be an indicative that the lower enzyme activities of PG,
PME, cellulase, beta-galactosidase in the treated peppers might have been associated with
a high integrity of the cell membrane and few changes in the cell was constituents, which
contributed to high levels of crispness and firmness in the peppers during storage. Six
Brazilian sweet pepper cultivars were evaluated by Bhandari ef al. (2013) at the ripe stage.
Results showed significant differences among cultivars in all of the investigated
parameters. The length, wide and weight of individual fruit ranged from 9.3 to 13.4 cm,
6.9 to 8.4 cm and 29.5 to 72.5 g, respectively. The ascorbic acid content ranged from 97 to
66 mg 100 g, the TSS ranged from 5.2 to 6.4% and the moisturc content from 73.1% to
81.7%.

Pepper fruit destined for the coloured fruit market are commonly harvested only once
colour change from green to ripe colour has been initiated by Hannweg and Penter (2013)
and Litoriya ef al. (2014). However, if colour break is sufficiently delayed, plants become
overladen with green fruit. This in turn stunts plant growth and inhibits further fruit set,
reducing overall productivity and profitability. In response, producers often harvest green

fruit, which fetch much lower prices on the market than coloured fruit.

Fresh-cut green bell peppers (Caﬁsicum annuum L.) were stored by Manolopoulou ef al.
(2012) in modified atmosphere packaging (MAP) made of impermeable high-density
polythylene film. Two in-packaging atmospheres and storage temperatures (0 degrees C
and 5 degrees C) were tested. The respiration rate of the unpackaged produce and the in-
packaged produce were estimated. Cutting, increased respiration rate of the unpackaged

produce by 24% compared to the intact produce for the same storage temperature.

2.6. Storage temperature and genotypes of sweet pepper

Sachidananda ef al. (2013) and Barbero et al. (2014) studied to investigate the effect of
packaging materials and storage conditions on quality of capsicum (red and yellow) dried
using microwave drying. The samples were heat sealed and packaged in: polypropylene
(PP), Laminated Aluminum (Al) and High density polyethylene (HDPE). Then, these were
stored at ambient atmosphere for four month and at every fifteen days, the quality
parameters such as browning index (BI), total color difference (TCD), water activity (Aw),

moisture content (MC), total carotenoid (Tc) and Sensory Score (SS) were measured. The
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result indicated that storage period had significant effect (P<0.05) on response variables

after 45-60 days of storage except sensory score.

Sachidananda ef al. (2013) and Kevresan ef al. (2013) evaluated the chemical composition
and quality characters of 11 sweet pepper genotypes at three maturity stages. In this
experiment TSS, TA, p” and the ratio of TSS/TA were examined. The highest amount of
TSS was obtained from cv. Yolo wonder which also had a high amount of TA followed by
hybrid 8 and 12. The lowest total sugar was obtained from hybrid 5 whereas the highest
was in hybrid 3 in green stage. In yellow stage hybrid 12 contained the lowest and Cv.
Yolo wonder contained the highest total sugar. The highest contents of total sugar was

measured at ripe stage were in the Yolo wonder followed by hybrid 5 and hybrid 8.

Six Mexican sweet pepper cultivars were evaluated by Tsegay er al. (2013) at the ripe
stage. Results showed significant differences among cultivars in all of the investigated
parameters. The length, wide and weight of individual fruit ranged from 10.3'to 14.4 cm,
7.5 to 9.4 cm and 29.5 to 52.5 g, respectively. The ascorbic acid content ranged from 85 to
119 mg 100 g”', the TSS ranged from 5.4 to 6.2%, beta carotene content 75.07 mg 100 g’
to 40.57 mg 100 g™ and the moisture content from 93.1% to 89.7%.

In order to assess the influence of two production systems on postharvest quality and shelf
life of green pepper hybrids (Capsicum annuum L.), Anaheim-types ‘Cardon’ (mitd hot)
and *118° (mid hot), two experiments were carried out by Jimenez et al. (2013) and Wei ef
al. (2014). In the first, plants were grown in open-field and in the second under
greenhouse conditions (soil directly and soilless). From each production system, fifty
freshly harvested fruits were picked and stored at 20° C during 14 days. Weight loss, color
analysis measured as lightness (L), chromaticity (C) and shade (degrees Hue), p",
titratable acidity and total soluble solids, flesh firmness, surface colour were determined

every three days until each individual fruit was considered unacceptable for sale.

The effects of pre-storage treatments of acetyl salicylic acid (ASA) in three concentrations
(0, 0.5 and 1 mM) on chilling resistance, proline content and qualitative parameters of
sweet pepper fruits, packaged in plastic (polythene) bags and stored at 2 or 10 degrees C,
were evaluated by Sayyari and Ghanbari (2013) at 0, 8 and 21 days of storage period. The
chilling resistance indices such as proline content, elecirolyte leakage (EL) and chilling
index (CI) and qualitative parameters were elucidated in the fruits of experimental sets and

they were compared with that of a control set. Fruits treated with ASA and stored at 2
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degrees C showed a significant (p<0.05) delay in changes of weight, total soluble solids
(TSS), p", Titratable acidity (TA) and proline content compared 1o untreated control fruits.
Chilling symptoms were more obvious in fruits that were stored in higher temperature

with longer storage time as indicated by CI.

Jingingjiao No. 3 is a new F| hybrid sweet pepper variety. Liang e7 al. (2013) developed
by crossing inbred line C40 as a female parent and C3 as a male parent. It is a mid-late
mature sweet pepper cultivar. Its plant is vigorous and compact. The fruit is lantern-like

with dark green and polished peel. The plant produces more fruits in a long period of time.

Green Chilli (Capsicum annuum L.) is one of the most important vegetable crops in the
world. Due to the perishable nature, it is liable 1o fast quality changes and spoilage
(through wilting, shriveling, pathogenic disorders, water loss, etc.) after harvest under
improper post-harvest management. Changes in quality, weight, respiration, decay,
softness, total chlorophyll content, marketability, acidity and ascorbic acid content were
recorded. Afier the three week storage, the fruits subjected to 10 degrees C exhibited a
comparatively less weight loss, decay, sofiness, ethylene production and respiration rate
but more firmness, compared to all other storage conditions. Retention of chlorophyll was
higher at the lower temperatures (0 degrees C), however, chilling injury was observed by
Hameed ef al. (2013) on the fruit stored at 5 degrees C and 0 degrees C, especially when
taken out of storage and subjected to shelf life studies, where the fruits were found to be
unmarketable after two days. The minimal quality loss occurred at shelf temperature of 15

degrees C compared to the ambient temperature.

Kim ef al. (2013) studied to investigate the different DIF (day/night temperature
differential) treatments on early growth of sweet pepper plants (Capsicum annyum L.)
after planting. The DIF treatments were thus as follows. DIF levels are DIF-6 (20-26
degrees C) and DIF 0 (23 degrees C), DIF 3 (24.5-21.5 degrees C) and DIF 6 (26-20
degrees C). The DIF 3 and DIF 6 treatments significantly increased plant height of the
sweet pepper plants during ten weeks after planting compared to DIF -6 and DIF 0.
Investigations were carried by Arumugam and Balamohan (2014} and Yoshida et al.
(2014) out to determine the effect of wax coating on physical and quality parameters in
sweet pepper (Capsicum annuum) cv. Indra under ambient storage (25+ or -5 degrees Q).
Wax coating with carnauba wax at 2% produced the lowest physiological loss of weight

(PLW) and increased shelf-life, total soluble solids (TSS), total sugar content and ascorbic
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acid. Wax concentration of >2% coating had little or no effect, on physical and
biochemical characters. This suggested that 2% wax coating increased the shelf life, while

concentration of >2% did not enhance its shelf life.

Ayala ef al. (2014) evaluated the seeds of Capsicum annuum cvs. de Arbol, Ancho and
Guajillo under greenhouse conditions in Texcoco (Maxico), through different fruit
development stages, to identify the harvest stage with the best seed quality. Seeds were
obtained from fruits harvested at five development stages: (S1) 25 and (S2) 40 d after
anthesis; (S3) when fruit started to change color; 984) when fruit changed completely of
color; and (S5) when fruit was fully dried. In addition, seeds were extracted at two
postharvest dates: immediately (IE) and 15 d (PE) after fruits were harvesting in each
stage. Seed moisture content was 7.6% in all treatments. The physical (weight of 1000
seeds, volumetric weight) and physiological (germination, vigor) quality variables of the
three cvs. of chilli followed a sigmoidal growth curve and reached their maximum values
when extracted from fruits at the S3 stage for the physical quality and from fruits

harvested at the S5 stage for the physiological quality.
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CHAPTER III
RESULTS AND DISCUSSION




Expt. no. 1
EVALUATION OF SWEET PEPPER GENOTYPES FOR SELECTION OF PARENTS
1.1, INTRODUCTION

Sweet pepper (Capsicum annuum L.) is the second most important solanaceous vegetable
after tomato grown worldwide both as spice as well as vegetable crop. Due to its high cash
value coupled with consumption rate, the annual trade of sweet pepper is approximately
17% of total spice trade in the world (Ahmed et al., 2000). In India, it is believed that
sweet pepper was introduction through the Portuguese in the 16" century (Singh et al,,
2004). Sweet pepper is grown in all over the Bangladesh and in most areas, some land
races are cultivated. The yield of these land races is very low. Although, these landraces
are heterogeneous and serve as a reservoir of genetic variability for the plant breeder.
During 1998-1999 to 2005-2006, the national average yield of sweet pepper was 0.89
ton/ha (BBS, 2007), which is nuch lower than India. Improving of chilli through
developing high-yiclding varieties with desirable quali'ties could reverse the existing trend
of low productivity of this crop (Verma et al., 2004; Sreclathakumary and Rajamony,
2002). In Bangladesh, no pure line has been developed and very few hybrid varicties have
been developed by private seed companies. Significant variations on plant type, fruit type,
fruit shape, fruit colour were found among the genotypes. But the yield is not up to the
mark as compared to other renowned sweet pepper cultivars. In Bangladesh only two high
yielding sweet pepper varicties have been released by Bangladesh Agricultural Research
Institute for cultivation. To meet the present ever increasing demand it is necessary to
develop more high yielding hybrid varieties. Since there exists a considerable variability
of this crop in Bangladesh, it is possiblc to develop high yielding varieties through
breeding approaches like selection or hybridization,

Presence of variability in a base population is very important for any improvement
programme. For crop improvement it is necessary to collect the available genotypes
through evaluation and identification and utilized them in breeding programme.
Evaluation will provide their rapid, reliable and efficient means of information for their
proper utilization. Collection, conservation and maintenance of genotypes are important to
develop new varicties as mentioned by Kallo (1988). Again evaluation of genotypes of
sweet pepper may lcad to select suitable parental line for hybridization programme.
Therefore, the present investigation was under taken with the following objectives.

1. to cvaluate morphological variability among collected genotypes of swect
pepper |
2. to select the best performing genotypes for hybridization programine.
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1.2. MATERIALS AND METHODS

1.2.]. Site and duration of the experiment

The experiment was conducted at the experimental farm of the Horticulture Research
Centre, Bangladesh Agricultural Research Institute, Gazipur, Bangladesh during October
2012 to April 2013.The location of the site is 24.00° N latitude and 90.25° E longitude with
an elevation of 8.4 m from sea level under agro-ecological zone (AEZ) 28 (Anon., 1995).

The field cxperiment was set up on a plot of high land in the farm.

1.2.2. Climate

The experimental site is situated in the sub-tropical climatic zone and characterized by three
distinct seasons; the monsoon or rainy season (May to October), the winter or dry season
(November to February) and the pre-monsoon or hot season (March to April). The mean
annual rainfall of the area is about 2200 mm but its distribution is uneven. The annual heavy
rainfall varies from 78 to 92 % occurring during the month of May to August and scanty
rainfall (1 to 11 %) during the rest of the year. The average minimum and maximum
temperature were 11.4° C and 24.7° C during winter and 32.1° C and 35.7 ° C during
summer. The average relative humidity varied from 55.55 to 75.70 % during winter and
75.50 to 80.45 % during summer, respectively. The weather data regarding air temperature,

relative humidity and rainfall for the study period are presented in Appendix I11.

1.2.3. Characteristics of the soil

The soil of the experimental field was sandy clay loam in texture having a pH around 6.0. It
belongs to the Chita soil series of Red Brown Terrace (Anon., 1988; Brammer, 1971;
Shaheed, 1984). The initial soil characteristics are shown in Table 1.2.1.

1.2.4, Plant materials

Twenty one sweet pepper genotypes collected from local and exotic sources (Table 1.2.2),
were chosen for this study and werc established at Vegetable Research Field, Olericulture
Division, HRC, BARI, Gazipur, Bangladesh. BARI Mistimorich-1 was used as check.
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Table 1.2.1. Accession number, source of collection and country of origin of collected

sweet pepper genotypes
Serial | Accession number/ Source of collection | Country of origin
no. variety
1. CA 001 Personal contact Japan
2, CA 002 Personal contact Japan
3. CA 003 Personal contact Thailand
4. CA 004 Personal contact Netherlands
5. CA 005 _ Rajdhani Seed Denmark
6. CA 006 Rajdhani Seed Denmark
7. CA 007 Alauddin Seed China
8. CA 008 Alauddin Seed China
9. CA 009 Alauddin Seed Japan
10. CA 010 Pasha-pashi Seed India
11. CA 011 Pasha-pashi Seed India
12. CA 012 Pasha-pashi Seed India
3. CA 013 Manik Seed Italy
14, CA 014 Manik Sced India
15. CA 015 Manik Seed . Thailand
16. CA 016 Krishibid Nursery USA
17. CA 017 Krishibid Nursery USA
18. CA 018 BARI AVRDC
15. CA 019 BAR] AVRDC
20. CA 020 BARI AVRDC
21. BARI Mistimorich-1 ~ BARI AVRDC

1.2.5. Land preparation

The expetimental field was well drained and upland plot located at a high elevation. The
tand was first opened by mould board plough. Three times harrowing were applied to
pulverize the soil followed by Jaddering to have a good tilt. All types of weeds and debris
of previous crop were removed and the land was finally prepared with the addition of
basal dose of cow dung and triple super phosphate fertilizer. Irrigation channels were

made around cach block. The previous crop of the field was eggplant grown for research

purpose.

1.2.6. Design and layout of the experiment

The experiment was laid out in Randomized Complete Block Design (RCBD) with three
replications. There were in total 63 (21 x 3) unit plots, cach measuring 3.0 m % 1.0 m.
Each plot accommodated 16 plants having row and plant spacing of 50 cm and 40 cm,
tespectively. The adjacent blocks and the adjacent plots were scparated from one another
by 1.0 m and block by 0.80 m spaces, respectively. The 21 genotypes (Including BARI

Mistimorich-1) were assigned randomly in each Block.
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1.2.7. Seed germination

Secds were soaked in water for 24 hours in order to facilitate germination, subsequently;
the seeds were sown on plastic trays in lines. Sowing medium on plastic tray was
autoclaved at 120° C for 2 hours and then cooled to normal temperature by spreading the
soil on the surface of concrete floor. Sowing of seeds on the tray was done at a depth of
one centimeter for easy emergence as suggested by Berke et al. (1999). Sowing was done
on 25 October 2012. Each tray was then covered with one layer of newspaper and watered
with a fine meshed sprinkler once in a day until seedling emergence. Covering the tray
with newspaper helps to increase the soil temperature to a level for easy seed germination

and prevents evaporation of sprinkled water from the tray.

1.2.8. Scedlings cmergence

Within 3-4 days of sowing, the seeds germinated well. Then the plastic trays with the
seedlings were transferred to suntight in the morning but at noon they were again shified
to the shade to prevent the young seedlings from being damaged by the scorching sunlight.

This practice was done for another 3-4 days.

1.2.9. Secdling transfer to polybag

Ten days afier sowing of sced when the seedlings attained 3 leaf stages, they were
transferred to the polybag cach 12.75 x 10.15 cm size and filled with potting media
comprising of soil, compost and sand at the ratio of 3:1:1. The secdlings were
subsequently transferred under the polyethylene shade to prevent them from the scorching
sunlight as well as uncxpected storm or heavy rainfall. They were irrigated once or twice a
day by a fine meshed sprinkler based on the requirement. Simultaneously, the layer of soil
crust formed due to irrigation water in each polybag was broken in order to facilitate good
acration to the roots of the seedlings. Seedlings in polybags were free from insect pests

and diseases. As such plant protection measure was taken.

1.2.10. Preparation of bed

Beds were prepared carefully to provide better drainage. About 25 cm deep drain was
made around the land. The whole experimental area was divided into three blocks,
representing three replications. Each block was divided into twenty one unit plots. The
space kept between the block was 80 cm and between two plots was 75 cm. The space

between two blocks and two plots were made as drain having a depth of about 20 ¢m for
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irrigation and rapid drain out of water. As a result the plots were raised about 15 ¢m high

from the soil surface.

1.2.11. Manure and fertilizers application

Standardization of the manurc and fertilizers for sweet pepper has still not been done
under Bangladesh condition so far it was reviewed. However, Edison (1995)
recom‘mended manure and fertilizers doses for sweet pepper and till today, the Spices
Research Centre of the Bangladesh Agricultural Research Institute (BARI) has been
following that in sweet pepper. Based on this crop was fertilized with cow dung, urea,
TSP, MP, gypsum and ZnO @ 10 t/ha, 217, 333, 200, 11] and 5 kg/ha, respectively. Half
of the quantity of cow dung was applied during final land preparation. The remaining half
of cow dung, the entire quantity of TSP, ZnO, gypsum and one third each of urea and MP
were applied during pit preparation. The rest of urea and MP were applied in two equal

splits, 25 and 50 days after transplanting of seedlings in the field.

1.2.12. Establishment of seedlings in the main field

Thirty three days after sowing healthy seedlings were transplanted in the experimental
plots on 29 November 2012. Before planting, light sprinkier irrigation was given in the
polybags containing the seedlings for easy removal of the polyethylene followed by good
establishment of sccdlings in the ficld after transplanting. Planting was done in the
afternoon by providing spacing as per treatment. One seedling was planted in each pit. The
whole experimental field was semi-flooded by irrigation immediately after transplanting.
Plots with transplanted seedlings were regutarly observed to find out damaged seedlings
for replacement. Gap filling was done as and when required. When the plants were well
established, the soil around the base of each plant was pulverized.

1.2.13. Intercultural operations

Necessary intercultural operations were done during the crop period for proper growth and
development of the plants. Top dressing of fertilizers was donc 25 and 50 days after
transplanting of seedling and it was followed by irrigation at the same day of fertilizer
application. Other cultural operations such as irrigating the crop at diffcrent growth stages,
weeding, mulching of the pit soil, etc. were done as and when needed. The established
plants were affected by aphids and mites. Admayer @ 1.5 ml/l of water was sprayed for
controlling aphids and Vartimac @ 1.5 ml/l of water was applied at 7 days interval against

mites.
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1.2.14. Harvesting

Green fruits were harvesied when they were relatively firm and crispy (Shoemaker and
Teskey, 1955). Harvesting of fruits was started at 75 DAP and continued up to 125 DAP.

Harvesting was done by hand with the help of secateurs.

DATA COLLECTION PROCEDURES
1. Environmental parameters

The following environmental parameters were recorded from the date of transplanting up

to the last picking of fruits.

1.1 Temperature -

The observations on air temperature inside and outside the poly-house were recorded by
using a mercury thermometer (0-50° C) at canopy height, in degree Celsius and averages
were computed. Similarly, soil temperature at a depth of 5 cm were also recorded using
cone type soil thermometer. The temperature were recorded at 4 days interval, the
recorded data were interpolated for computing them on daily basis and then the average
values for each stage or 30 days period to coincide with biological observations like plant

height, number of primary and secondary branches, stem girth, plant spread, etc.

1.2 Relative humidity

The relative humidity in poly-house and in open field were recorded by using a hair

hygrometer (0-100%) in percentage.

2. Growth parameters

Five plants were tagged at random in each treatment for recording various growth

parameters.

1.2.1. Plant growth habit
Observed when 50% of the plants bear ripe
fruits.

1. Prostrate

2. Intermediate (compact)

3. Erect ”%\Qg\i/ ! e
et

3

Fig. 1.2.1. Plant growth habit
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1.2.2, Leaf shape
1. Deltoid
2. Ovate
3. Lanceolate

1.2.3. Leaf colour Fig. 1.2.2. Leaf shape

Leaf colour was recorded when in 50% of the plants the first fruit has begun to ripen.

Average of 10 mature leaves {from the main branches of the plant)

1. Yellow
2. Light green
3. Grecn
4. Dark green
5. Light purple
6. Purple
7. Variegated
8. Other

1.2.4. Leaf pubescence

Observed on the youngest mature leaves.
(Fig. 1.2.3)

1 Sparse
2 Intermediate

3 Dense

Fig. 1.2.3. Leaf pubescence
1.2.5. Fruit set (Recorded before harvest) B P

1 Low
2 Intermediate

3 High
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1.2.6. Fruit pungency

1 Not pungency (sweet)
2 Low

3 Intermediate

4 High

2.1. Plant height

The height of the plants were measured in centimeters from the ground level to the tip of
the main shoot at 30, 60, 90 and 120 days after transplanting (DAP). The average height

was calculated and recorded in centimeters.

2.2. Number of branches per plant

The numbers of primary branches on the main stem were counted at 90 DAT from all
tagged plants and mean number of primary branches per plant were worked out. All the
branches borne on the primary branches was counted and recorded as number of

secondary branches per plant.

2.3. Days to first flower bud initiation

The number of days from the date of transplanting to first flower open was counted and

recorded as days to flowering.

2.4. Days to 50 percent flowering

The number of days after transplanting to first flowering for 50 percent plants in each plot

was recorded as days to 50 percent flowering.

2.5. Canopy spread

Canopy spread was measured in respect of east-west and north-south from the selected
plants during final harvest. In both the cases, the distances between two extremities of

canopy was recorded and then the average values were calculated.

2.6. Stem girth

Stem girth in millimeter (mn) were recorded from the selected plants at 60 days in three
different positions viz. base, middle and top of the main stem and their average values

were calculated.
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3. Yield ard yield contributing parameters

In each treatment, five randomly selected plants were tagged and used for recording
various characters. The fruits harvested from the second picking were used for recording
observations. The following observations were recorded and the average values were

computed.

3.1. Number of fruits per plant

The number of mature fruits harvested from each picking in the tagged plants were
counted and recorded till the final harvest. The average number of fruits per plant was

calculated and expressed as number of fruits per plant,

3.2. Individual fruit weight

The weight of randomly selected ten fruits was harvested from five labeled plants from
each treatment were recorded individually in grams in each treatment from all the

replications and mean werc calculated.

3.3. Fruit length

Ten fruits from each treatment and from cach replication were taken and the length was
measured from the stem end of the fruit to the distal end of the fruit using Vernier Calipers

and mean was calculated and recorded in centimeters.

3.4, Fruit diameter

Fruit diameter was measured at the middle portion of ten selected fruits from each
treatment with digital slide Calipers and then mean values were calculated and recorded in

centimeters.

3.5. Yield per plant

Weight of matured green fruits harvested from each pxckmg in the tagged plants in each
replication was recorded till final harvest and then total yield of fruits per plant under

different treatments was computed in kilograms.
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3.6. Yield per hectare

Total weight of matured fruits harvested from each picking from the tagged plants in each
replication was recorded till final harvest and the total yield of fruits per hectare under
different treatments were computed in tons per hectare. The yield of marketable fruits per

hectare was calculated as follows:

Yield of fruits (tha) = _Yield of fruits/plot (kg) x 10
Size of the plot (m”)

3.7. Duration of harvesting

The number of days from first to last harvest was considered as the duration of harvesting.

3.8. No. of properly developed seeds per fruit:

Secds of 10 randomly selected fruits at full ripen stage were extracted, washed and dried
well in sun. Properly developed sceds were counted and the number of properly developed

seeds per fruit was calculated out.

3.9. Fruit pericarp thickness

For fruit flash thickness 5 fruits from cach genotype were randomly selected and cut
transversely with the help of a sharp knife. Flesh thickness was measured with the help of

a slide calipers and their mean value was taken as fruit flash thickness.

3.10. 1000 seed weight

Three samples of selected properly developed randomly 1000 seed value was taken and
weighed. The average value was considered as the weight of 1000 seed and was recorded

in grams.

3.11. Fresh weight and dry matter per plant

Ten representative plants were randomly collected from each plot were uprooted and soils
were removed carefully during final harvest. Shoots and roots weighed separately before
drying to measure fresh weight. They were chopped and the chopped materials were dried
in the sun 2-3 days and then at 70° C for up to 72 hours in oven till they attained constant
weight. Then the average of dry matter per plant was calculated. The weight was taken

with an electric balance to measure dry weight.
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3.12. Qualitative characters of fruits

Following qualitative characters of fruits were recorded according to TPGRI (1995).

3.12.1. Fruit colour at intermediate stage:

Recorded on fruits just before the ripenihg stage

a) White

b) Yellow

c) Green

d} Orange

e) Pumple

f) Deep purple and
g) Other

3.12.2. Fruit colour at mature stage
a) White
b) Lemon-yellow
¢) Pale orange-yellow
d) Orange-yellow
¢) Pale orange
f) OQrange
g) Lightred
h) Red
i) Dark red
j) Purple
k) Brown
I) Black and
m) Other

A scale of 1-5 was used for measuring color of evenly matured fruits by visual

observations using colour chart.

Score Description (1-5):

1) Green

2) Yellow

3} Ycllow orange

4) Deep yellowish red
5) Deepred

3.12.3. Fruit shape: Sweet pepper fruit shape were recorded as par following category

a) Elongate

b) Almost round
c} Triangular
d) Campanulate
¢) Blocky

f) Other
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Fig. 1.2.4. Plate: a) Elongate b) Almost round c¢) Campanulate d) Triangular ¢) Blocky

. 3.12.4. Fruit shape at pedicel attachment: Sweet pepper fruit shape at pedicel
attachment were recorded as par following category

a) Acute

b) Obtuse

¢) Truncate

d) Cordate

e} Lobate

Anddd

Fig. 1.2.5. Fruit shape at pedicel attachment

3.12.5. Fruit shape at blassom end: Sweet pepper fruit shapcs at blossom end were

recorded (average of 10 fruits) as par following category.

a) Pointed

b) Blunt

c) Sunken

d) Sunken and pointed
¢) Other
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a b c d

Fig. 1.2.6. Fruit shape at blossom end

3.12.6. Seed colour:

. 1 Straw (deep yellow)
2 Brown
3 Black
4 Other

3.13. Leaf Area Index

Leaf Area Index was determined by a Leaf Area Meter, Five mature leaves of each
replication under different treatments were taken randomly. The sample was placed on the
surface of the prism of the leaf area meter (Model No. CI- 202, Leaf Area Meter and
Company: CID, Inc., Made in USA) and Leaf Area Index was obtained from direct

reading and means of five leaves were calculated.

3.14, Statistical analysis

The collected data were compiled and analyzed statistically by using MSTAT-C program.
The mean comparison was done following the Duncan’s Multiple Range Test (DMRT).
Regression co-efficient analysis was done following the method described by Gomez and
Gomez (1984).
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1.3. RESULTS AND DISCUSSION

The results of the performance of 21 sweet pepper genotypes have been presented in the
Tables 1.3.1. to 1.3.10., Figures 1.3.1. to 1.3.4., Plates 1.3.1. to 1.3.9. and Appendices viii. to

xv. and discussed chronologically as follows.

1.3.1. Qualitative growth characters

Growth habit, leaf shape, leaf colour, leaf pubescence, fruit shape, fruit shape at pedicel
attachment, fruit shape at blossom end, fruit pungency, fruit colour at intermediate stage,
fruit set (Before harvesting), fruit colour at mature stage and seed colour in different

genotypes of sweet pepper are presented in Table 1.3.1.

Growth habit: Regarding growth habit of plants, the genotypes were categorized into 3
types viz. erect, intermediate and prostrate. Ten genotypes (CA 001, CA 002, CA 004, CA
008, CA 009, CA 010, CA 012, CA 013, CA 020 and BARI Mistimorich-1) exhibited
(Table 1.3.1) intermediate type of growth habit, nine genotypes (CA 003, CA 005, CA
007, CA 011, CA 014, CA 015, CA 017, CA 018 and CA 019) exhibited erect type of
growth and the rest two (CA 006 and CA 0i6) genotypes exhibited prostrate type of
growih habit. Savita (2009) found that the plants of ‘Kunkur-3” variety exhibited open
(prosirate) growth habit.

Leaf shape: Based on leaf shape, the genotypes were classified into 3 viz. deltoid, ovate and
lanceolate. Among 21 genotypes studicd, deltoid leaf shape plants were observed (Table
1.3.1) in 6 genotypes (CA 001, CA 005, CA 006, CA 009, CA 013 and CA 018); ovate in
11 genotypes (CA 002, CA 004, CA 007, CA 008, CA 011, CA 012, CA014, CA 015, CA
019, CA 020 and BARI Mistimorich-1) and the rest 4 genotypes (CA 003, CA 010, CA 016
and CA 017) were lanceolate leaf shape type. Lankesh and Prakash (2008) found that plants
of varieties ‘Puri red’ and ‘Byadagidabbi’ were lanceolate and ovate shaped, respectively.

The present observation corroborated with their findings.

Leaf colour: Leaf colour of sweet pepper plants were classified into light green, green and
dark green. Among the genotypes leaf colour of 4 (CA 001, CA 003, CA 009 and CA 017)
were light green, 13 (CA 002, CA 004, CA 005, CA 007, CA 008, CA 010,'CA 012, CA
013, CA 015, CA 018, CA 019, CA 020 and BARI Mistimorich-1) were green and
remaining 4 (CA 006, CA 011, CA 014 and CA 016) were dark green (Table 1.3.1).

Lankesh and Prakash (2008) found that plants of ‘Puri red’ was light green and
44



‘Byadagidabbi’ was dark green in nature. The present observations are similar to their

findings.

Foliage density: Foliage densities of sweet pepper plants were classified into sparse,
intermediate and densc. Among the genotypes 6 (CA 001, CA 004, CA 006, CA015, CA
019 and CA 020) showed sparse; 6 (CA 003, CA 009, CA 013, CA 017, CA 018 and
BARI Mistimorich-1) showed intermediate and remaining 9 (CA 002, CA 005, CA 007,
CA 008, CA 010, CA 011, CA 012, CA 014 and CA (016) were dense type of foliage
(Table 1.3.1).

Fruit shape: Based on fruit shape, the genotypes were classified into 6 viz. elongate, almost
round, triangular, campanulate, blocky and cylindrical. Among the genotypes, 3 (CA 003,
CA 016 and CA 017) were elongéte, 5 (CA 001, CA 006, CA 007, CA 009 and CA 019)
were triangular. Among the genotypes, 9 (CA 002, CA 004, CA 005, CA 011,CA 012, CA
014, CA 015, CA 020 and BARI Mistimorich-1} were blocky and the rest 4 genotypes
(CA 008, CA 010, CA 013 and CA 019) Wer_e cylindrical (Table 1.3.2).

Table 1.3.1. Qualitative growth characters of sweet pepper plants

Genotypes Growth habit Leaf shape. Leaf colour Foliage density
CA 001 Intermcdiate Deltoid Light green Sparsc

CA 002 Intermediate Ovate Green Dense

CA 003 Erect Lanceolate Light green Intermediate
CA 004 Intermediate Ovate Green Sparse

CA 005 Erect Deltoid Green Dense

CA 006 Prostrate Deltoid Dark green Sparse

CA 007 Erect Qvate " Green Dense

CA 008 Intcrmediate Ovate Green Dense

CA 009 Intermediate Deltoid Light green '~ Intermediate
CA 010 Intermediate Lanceolate Green Dense

CA 011 Erect Ovate Dark green Dense

CA 012 Intermediate Ovate Green Densc

CA 013 Intermediate Deltoid Green Intermediate
CAQl4 Erect Ovate Dark green Dense

CA 015 Erect Ovate Green Sparse

CA 016 Prosirate Lanceolate Dark green Dense

CA 017 . Erect Lanceolate Light green Intermediate
CA 018 Erect Deltoid Green Intermediate
CA 019 Ercct Qvate Green Sparse

CA 020 Intermediate Ovate Green Sparse
BARI Mistimorich-1 Intermediate. QOvate Green Intermediate
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Fruit shape at pedicel attachment: Regarding fruit shape at pedicel attachment, the
genotypes were categorized into 5 types viz. acute, obtuse, truncate, cordate and lobate.
One genotype (CA 017) exhibited acute type, one (CA 003) exhibited obtuse type; 3 (CA
008, CA 014 and CA 016) were truncate type; 10 (CA 004, CA 006, CA 007, CA 011, CA
013, CA 015, CA 018, CA 019, CA 020 and BARI Mistimorich-1) were cordate and the
rest 6 (CA 001, CA 002, CA OOS,ICA 009, CA 010 and CA 012} were lobate type (Table
1.3.2). Liang et al. (2008) found that plants of ‘Jingingjiao No. 3° was cordate type and
‘Jingingjiao SN-2” was lobate fruit shape at pedicel attachment. The present observations

were similar to their findings.

Fruit shape at blossom end: Based on fruit shape at blossom end, the genotypes were
classified into 5 viz. pointed, blunt, sunken, sunken and pointed and blunted and sunken.
Among 21 genotypes studied, pointed fruit shape at blossom end plants were observed
(Table 1.3.2) in 5 genotypes (CA 003, CA 006, CA 016, CA 017 and CA 019); 1 (CA 002)
was blunt; 7 (CA 007, CA 008, CA 010,CA 011, CA 012, CA 014 and CA 015) were
sunken; 4 genotypes (CA 001, CA 009, CA 013 and CA 020) were sunken and pointed and
the rest 4 (CA 004, CA 005, CA 018 and BARI Mistimorich-1) were blunted and sunken.
Deli and Tiessen (]996).found that plants of ‘California Wonder’ and “Yolo Wonder’
varieties were pointed and sunken fruit shaped at blossom end, respectively. Their findings

were corroborated with the present observation.

Fruit pungency: Regarding fruit pungency, the genotypes were categorized into 4 types
viz. nol pungent i.¢c. sweel, low, intermediate and high. Three genotypes (CA 005, CA 014
and CA 018) had not pungent, 8 genotypes (CA 004, CA 006, CA 0010, CA 011, CA 012,
CA 013,-CA 016 and CA 019) exhibited low; 7 genotypes (CA 001, CA 002, CA 003, CA
009, CA 015, CA 020 and BARI Mistimorich-1) exhibited intermediate type and the rest 1
genotype (CA 017) exhibited (Table 1.3.2) highly pungent. Lankesh and Prakash (2008)
found that plants of ‘Puri red’ were low and ‘Byadagidabbi’ was intermediate type fruit

pungency. The present observations were similar to their findings.
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Table 1.3.2. Qualitative characters of fruits in sweet pepper

Genotypes Fruit shape :‘trt.asc};{;i:tedicel :lr;istosll;ag;at Fruit pungency
CA 001 Triangular Lobatc Sunken & pointed  Intermediate

CA 002 Blocky Lobate Blunt Intermediate

CA 003 Elongate Obmse Pointed Intermediate

CA 004 Blocky Cordate Blunted & sunken Low

CA 005 Blocky Lobate Blunted & sunken  Not pungent (sweet)
CA 006 Triangular  Cordate Pointed Low

CA 007 Triangular  Cordate Sunken Dense

CA 008 Cylindrical Truncate Sunken Dense

CA 009 Triangular  Lobate Sunken & pointed  Intermediate

CA 010 Cylindrical Lobatc Sunken Low

CA 011 Blocky Cordate Sunken Low

CA 012 Blocky Lobate Sunken Low

CA 013 Cylindrical Cordate Sunken & pointed Low

CA 014 Blocky Truncate Sunken Not pungent (sweet)
CA 015 Blocky Cordate Sunken Intermediate

CA 016 Elongate Truncate Pointed Low

CA 017 Elongatc Acute Pointed High

CA 018 Cylindrical Cordatc Blunted & sunken Not pungent {(sweet)
CA 019 Triangular  Cordate Pointed Low

CA 020 Blocky Cordate Sunken & pointed Intermediate

BARI Mistimorich-1  Blocky Cordate Blunted & sunken Intermediate
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Plate 1.3.1. Photograph showing variabilities in fruit shape and size of 6 sweet pepper
genotypes
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Plate 1.3.2. Variabilities in fruit shape and size of 6 sweet pepper genotypes



Plate 1.3.3. Variabilities in fruit shape and size of 6 sweet pepper genotypes
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Plate 1.3.4. Photographs showing variabilities in fruit shape and size of 3 (A, B, C)
and (D) 21 sweet pepper genotypes
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Table 1.3.3. Qualitative characters of fruits and seed in sweet pepper

Fruit colour at . .
Genotype isltl;;;mwiatc E:::L:f)t (Before E]raut:r?:t]:gcat Seed colour
CA 001 Green Intermediate Dark red Straw (deep yellow)
CA 002 Green Low Red Brown
CA 003 Light green Low Red Brown
CA 004 Deep green Intermediate Orange-yellow  Black
CA 005 Green High Dark red Straw (deep yellow)
CA 006 Deep green Low Light red Brown
CA 007 Green High Red Straw (deep yellow)
CA 008 Green Intermediate Dark red Black
CA 009 Deep green Low Dark red Black
CA 010 Green High Dark red Straw (deep yellow)
CA 011 Deep green High Dark red Straw (deep yellow)
CA 012 Green High Orange-yellow  Straw (deep yellow)
CA 013 Green Intermediate Red Brown
CA 014 Deep green High Orange-yeliow  Straw (deep yellow)
CA 015 Green Intcrmediate Yellow Brown
CA 016 Green High Red Brown
CA 017 Deep green High Dark green Black
CA 018 Green Low Light red Brown
CA 019 Deep green Intermediate Dark red Straw (deep yellow)
CA 020 Green Intermediate Dark red Brown
BARI Mistimorich-1 Green Intermediate Dark red Straw (deep yellow)

Fruit colour at intermediate stage: Based on fruit colour at intermediate stage, the
genotypes were classified into 3 viz. green, light green and deep green. Among 21 genotypes
studied, green fruit colour were observed (Table 1.3.3) in 13 genotypes (CA 001, CA 002,
CA 005, CA 007 CA 008, CA 010, CA 012, CA 013, CA 015, CA 016, CA 018, CA 020
and BARI Mistimorich-1); 1 genotype (CA 003) was light green and the rest 7 genotypes
(CA 004, CA 006, CA 009, CA 011, CA 014, CA 017 and CA 019) were deep green. Deli
and Tiessen (1996) found that plants of ‘California Wonder’” and ‘Yolo Wonder’ varieties
were deep green and green, respectively. The present observations were similar to their

findings.

Fruit set: Regarding fruit set, the genotypes were categorized into 3 types viz. low,
intermediate and high. Five genotypes (CA 002, CA 003, CA 006, CA 009 and CA 018)
exhibited (Table 1.3.3) low fruit set, 8 (CA 001, CA 004, CA 008, CA 0013, CA 015, CA
019, CA 020 and BARI Mistimorich-1) exhibited intermediate and the rest of 8 (CA 005,
CA 007, CA010,CA 011, CA 012, CA 014, CA 016 and CA 017) exhibited high.
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Fruit colour at mature stage: Regarding fruit colour at mature stage, the genotypes were
categorized into S types viz. dark red, red, orange yellow, light red and yellow. Among 21
genotypes studied, dark red colour were observed (Table 1.3.3) in 10 genotypes (CA 001,
CA 005, CA 008, CA 009 CA 010, CA 011, CA 017, CA 019, CA 020 and BARI
Mistimorich-1); 5 genotypes {CA 002, CA 003, CA 00“7, CA (013 and CA 016) were red; 3
genotypes (CA 004,CA 012 and CA 014) were orange-yellow; 2 genotypes (CA 006 and
CA 018) were light red and the rest 1 genotype (CA 015) was yellow fruit at mature stage.
Liang ef al. (2008) found that plants of “Jingingjiao No. 3’ and ‘Jingingjiao SN-2’ varieties

were dark red and red, respectively. The present observations were similar to their findings.

Seed colour: Based on seed colour, the genotypes were classified into 3 viz. straw (deep
yellow), brown and black. Among 21 genotypes studied, straw (deep yellow) seed colour
were observed (Table 1.3.3) in 9 genotypes (CA 001, CA 005, CA 007, CA 010, CA 011,
CA 012, CA 014, CA 019 and BARI Mistimorich-1); 8 genotypes (CA 002, CA 003, CA
006, CA 013, CA 015, CA 016, CA 018 and CA 020) were brown and the rest 4 genotypes
(CA 004, CA 008, CA 009 and CA 017) were black. '

1.3.2. Quantitative growth characters of sweet pepper plants

Results of quantitative characters like plant height of different sweet pepper genotypes are

presented in Table 1.3.4.

Piant height

Analysis of variances revealed significant differences among the genotypes in respect of plant
height (Table 1.3.4). It varied from 28.16 to 38.65 cm. The genotype CA 003 attained the
highest height (38.65 cm) at 30 DAT followed by the genotype CA 011 (34.75 ¢m) and the
genotype CA 013 showed the lowest plant height (28.16 cm) at same DAT. But the plant
height of CA 001 (33.89 cm) was statistically at par to that of CA 005 (33.02 cm) and BARI
Mistimorich-1 (33.09 cm). Most of the genotypes attained a plant height above 30.0 ¢cm and
only three genotypes (CA 010, CA 013 and CA 014) had plant height below 30.0 cm. This
indicated that these genotypes were very much slow growing at the early stages compared to
the other genotypes which might be due to the genetic constitution of the genotypes

concerned.
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Table 1.3.4. Plant height at 30, 60, 90 and 120 DAT of 21 sweet pepper genotypes

Genotype Plant height (cm) at
30DAT | 60DAT | 90DAT | 120 DAT
CA 001 33.89 be 5925¢ 80.59 ¢ 81.74 d
CA 002 30.78 ij 56.08 j 78.09 f 7896 f
CA 003 38.65a 62.76 a 94.36 a [17.8a
CA 004 3246 d-g 58341 77.08 g 7792 g
CA 005 33.02¢d 5812¢g 79.65¢ 85.17b
CA 006 31.88 e-h 58.81 de 75.151 76.12 h
CA 007 30.38 jk 56.871 75261 79.85¢
CA 008 32.95 cde 58.69¢ 79.65¢ 80.08 ¢
CA 009 32.35d-g 5826 fg 7736 ¢ 7892 f
CA 010 29.281 5576 k 78.16 f 83.80¢
CA 011 34750 60.12b 81.27b 85.76 b
CA 012 31.52 ghi 58.74 de 74.24 k 78.65 fg
CA 013 28.16 m 55.111 76.29h 7784 ¢g
CA 014 2948kl 5596 77.16 g 81.29d
CA 015 32.50d-g 5865¢ 79.75 de 8028 e
CA 016 3348cd 59.16 c 80.08 d 84.15¢
CA 017 31.75 14 58.82 de 7425k 74.96 j
CA 018 30.98 hij 5722 h 74.76 j 75.09ij
CA 019 30.26 jki 56.92i 75.30i 75.87 hi
CA 020 32.75 def 58.90d 79.56 ¢ 84.28 ¢
BARI Mistimorich-1 33.09 cd 60.17 b 79.95 de 80.12 ¢
Level of significance * ** * *¥
CV % 4.86 4.34 4.84 4.80

* BM-1, BARI Mistimorich-1.
** = Significant at I % level of probability

In a column, means followed by common letter (s) are not significantly different from
each other at 1 % level of probability by DMRT.

Significant variation was observed in plant height when recorded at 60 days after transplanting
(DAT). Tt ranged from 55.11 to 62.76 cm being the lowest in CA 013 and the highest in CA
003. These two genotypes at 30 DAT also attained the lowest and the highest plant height,
respectively. This situation indicated an idea regarding the nature of the genotypes pertaining
to the growth habit. Only 3 genotypes attained above 60.0 cm height while the others varied
from 55.11 to 59.16 cm. The genotype BARI Mistimorich-1 attained the second highest
height 60.17 cm which was statistically similar to those of the genotypes CA 001 (59.25 cm)
and CA 016 (59.16 cm). About 52% genotypes attained plant height at 60 days afier

transplanting which had the minimum differences among themselves.

Significant variation was exhibited in respect of plant height among the different sweet pepper
genotypes at 90 days after transplanting. The tallest plant height was found in CA 003 (94.36
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wl;.ich was closely followed by the genotype CA 011 (81.27 cm) and the lowest was found in
CA 017 (74.25 cm). The trend of the highest and the lowest plant height producing genotypes
was similar to those obscrved at 30 and 60 DAT (Table 1.3.4). Only 10% of the genotypes
under the present investigation attained height below 75 em. And 16 genotypes out of 21
attained height which ranged from 75 to 80 cm. It is to be noted that the overall rate of plant
growth irrespective of genotypes was the same trend between 30 and 60 days as well as 60
and 90 days after transplanting. This might be due to the physiological factors of the crop as

well as the environmental factors.

Significant variation was reflected among the genotypes'in case of plant height at 120 days
after transplanting. The tallest plants were produced by the genotypes CA 003 (117.80 cm)
and the lowest in genotype CA 017 (74.96 cm) (Table 1.3.4). There were no remarkable
variation in plant height of CA 005 (85.17 cm), CA 010 (83.80 cm), CA 011 (85.76 cm), CA
016 (84.15 cm) and CA 020 (84.28 cm). It is about 25% of the total genotypes. About 50% of
the genotypes produced plants the heights ranging from 78.65 to 81.74 cm and they were
statistically identical with each other. The vanation in plant height was might be due to the
genetic makeup. The plant height reported in the present investigation was partially similar
with findings of Valsikova (2009) and Ado et al. (2007). Olufolaji and Makinde (2004)
obtained significant variation in plant height of bell pepper plants trialed in Nigeria, which
varied from 36.80 to 90.20 cm.

Plants of all the genotypes under controlled conditions especially under high temperature
situation were taller than the open field condition. Rylski and Spigelman (1996) also found the
less taller than in open field or screen houses. They explained that the plants development in
screen houses were entirely different from that in the open because plants in the open field set
fruit at most of the flowers on the lower flowering nodes, thus restricting further vegetative

development and giving the plant a determinate appearance.

No. of branches per plant

No. of branches per plant of all the genotypes were recorded at different stages of growth
when they were grow under field condition to observe and compare the growth pattem and to

correlate with the phytotron study.
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Table 1.3.5. No. of branches per plant at 30, 60, 90 and 120 DAT of 21 sweet pepper

genotypes

Genotype No. of branches per plant at

30DAT | 60DAT | 90DAT | 120DAT
CA 001 i6.57¢ 26951 28.16n 32220
CA 002 16.00 f 29.34°f 32,19k 34.16n
CA 003 1235 m 21751 22960 3027 p
CA 004 1533 ¢ 25.78 31.281 3520 m
CA 005 18.57 a 30.80d 33.87h 39.14%
CA 006 13.68 k 28.12 g 32801 36.251
CA 007 18.65a 31.18 cd 3451 ¢F 4087 g
CA 008 14.28 1 26.17] T 3228k 3718k
CA 009 1357k 2748 h 31.171 3480m
CA 010 18.00¢ 3023 ¢ 3542¢ 4219
CA 011 17.98 ¢ 31.60c 36.724d 4321 ¢
CA 012 16.67 ¢ 3294 b 3740 ¢ 4427 ¢
CA 013 14.00j 25.82j 30.25m 38.18;
CA 014 18.34b 31.27c¢ 34.26 fg 4525¢
CA Q15 1418 i " 2740h 32.58ij 43.00e
CA 016 1693 d 35.62a 40.37a 4754 a
CA 017 13.26 1 26.87 i 34.11 gh 4126 g
CA 018 14.291 29.07f 36.40d 39.88h
CA 019 1537¢ 27.24 hi 3576¢ 38.97i
CA 020 1826 b 2418k 38.21b 4428 d
BARI Mistimorich-1 14.89 h 26.24 40.26 a 46.08 b
Level of significance ** *k il **
CV % 5.56 5.78 4.56 4.90

** = Significant at 1 % level of probability

In a column, means followed by common letter (s) are not significantly different from
cach other at 1 % level of probability by DMRT.

Analysis of variances revealed marked differences among the genotypes in respect of branches
per plant at 30 days after planting (Table 1.3.5). It varied from 12.35 t018.65. The plants of the
genotype CA 005 (18.57) and CA 007 (18.65) showed the maximum number of branches at
30 days after transplanting followed by the genotypes CA 014 (18.34) and CA 020 (18.26)
and the genotype CA 003 showed the minimum number of branches per plant (12.35) at same
DAT. But the branches per plant of CA 00 (16.57) was statistically at par to that of CA 002
(16.00), CA 012 (16.67). Seven genotypes namely CA 004, CA 008, CA 013, CA 015, CA
018, CA 019 and BARI Mistimorich-1 attained 14.00 — 15.37 branches per plant at 30 DAT
which covered about 30% of the total genotypes. The genotypes CA 006, CA 009 and CA 017
had the branches per plant below 14. This indicated that these three genotypes were very much
slow growing at the early growing stages compared to the other genotypes which might be

thought to be due to the genetic constitution of the genotypes concerned.
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Significant vanation was observed as to the branches per plant when recorded at 60 days after
transplanting (DAT). It ranged from 21.75 to 35.62 being the minimum in CA 003 and
maximum in CA 016. The genotypes CA 003 (21.75) was the slowest spreading one whereas
CA 016 (35.62) was the quick spreading one. The genotype CA 012 attained the second
highest branches per plant 32.94 which was statistically similar to those of the genotypes CA
007 (31.18), CA 011 (31.60) and CA 014 (31.27). About 30% genotypes had branches per
plant of 25.78 — 26.95 at 60 days after transplanting.

Marked variation was exhibited in respect of branches per plant among the different sweet
pepper genotypes when recorded at 90 days after transplanting in the field (Appendix VI) with
co-efficient of variation being 4.56%. 1t varied from as low as 22.96 to as high as 40.37. The
trend of the highest and the lowest plant height producing genotypes was similar to those
observed in plant height at 30 and 60 DAT (Table 1.3.5). Only 10% of the genotypes at 90
DAT attained branches per plant below 32 and 12 genotypes attained branches per plant at the
ranged of 32.28 to 36.72. The overall rate of branches ber plant irrespective of varieties was
same growing trend between 30 and 60 days as well as 60 and 90 days after transplanting.

This might be due to the physiology and environmental interaction.

Significant variation was reflected among the genotypes in case of branches per plant at 120
days afier transplanting (Appendix VI). The maximum branches per plant were produced by
the genotypes CA 016 (47.54) and the minimum in the genotype CA 003 (30.27) (Table
1.3.5). There were no remarkable variation among the branches per plant of CA 008 (37.18),
CA 013 (38.18), CA 018 (39.88) and CA 019 (38.97). It is about 30% of the total genotypes.
About 40% of the genotypes CA 010 (42.19), CA 011 (43.21), CA 012 (44.27), CA 014
{45.25), CA 015 (43.00) and CA 020 (44.28) produced the branches per plant in the range of
42.19 to 45.25 and they are statistically identical. The variation in branches per plant was
might be due to the genetic makeup. The present investigation was almost similar with
findings of Valsikova (2009) and Ado ef al. (2007). Olufolaji and Makinde (2004) whom
obtained significant variation in branchesrper plant of bell pepper plants trialed in Nigeria
which varied from 20.89 to 35.17 at final harvest.

Fresh plant weight: Signification variation in respect of fresh plant weight of sweet pepper at
final harvest was revealed due to the influence of different genotypes (Appendix X).The value
for this parameter varied from 2.68 kg to 1.40 kg (Table 1.3.6). Fresh weight was the highest
in CA 016 (2.68 kg) which was statistically identical to CA 010 (2.45 kg) while the lowest in

CA 003(1.40 kg).
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Table 1.3.6. Fresh plant weight, dry matter per plant and leaf area index of 21 sweet

pepper genotypes

Genotype Fresh plant weight Dry matter LAI
{(kg) per plant (g)

CA 001 1.61jk 268.2jk 448 ¢
CA 002 1.56Im 263.5k 429i
CA 003 1.40p 25591 409k
CA 004 1470 245.1 m 3991
CA 005 235¢ 3918¢ 569¢
CA 006 1.76 h 2938h 421j
CA 007 223d 371.8d 5.78b
CA 008 1.42p 236.8n 448 g
CA 009 1.53mn 25441 456f
CA 010 2450 4084 b 509e
CA 011 1.87f 311.8f 5.244d
CA 012 2224 369.6d 589a
CA 013 176 h 2934h 392m
CA 014 1.85f 3084 f 509¢
CA 015 1.691 281.71 3.59p
CA 016 2.68a 4478 a 590a
CA 017 1.64 j 2734 43%h
CA 018 1.59 ki 264.4 k 3.84n
CA 019 1.49 no 248.5m 3750
CA 020 204 ¢ 340.1¢ 508¢e
BARI Mistimorich-1 _ 1.80 g 300.1 g 4.39h
1Level of significance | ** el **
CV % 10.23 10.86 6.32

** = Significant at 1 % Jevel of probability

Tn a column, means followed by common letters are not significantly different from
each other at 1 % level of probability by DMRT.

Dry matter per plant: Dry matter per plant of sweet pepper at final harvest, diffcred
significantly due to the influcnce of differcnt genotypes (Appendix X). From table 1.3.6, it
can be revealed that the highest accumulation of dry matter per plant was observed in CA
016 (447.80 g) which was statistically similar to CA 010 (408.40 g). On the contrary, the
Towest dry matter per plant was in CA 008 (236.80 g) followed by CA 004 (245.1 g) and
CA 019 (2485 g).

Leaf area index: Leaf arca index is an important indicator influencing the yield. Leaf area
index of sweet pepper at final harvest was found to be influenced significantly by different
genotypes (Table 1.3.6). From the table, it can be revealed that the highest value of leaf
area index was observed in CA 016 (5.90) which was statistically similar to CA 007
(5.78). On the contrary, the lowest value of leaf area index was observed in CA 015 (3.59)

which was statistically similar to CA 019 (3.75).
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Table 1.3.7. Base, middie and top stem girth of 21 sweet pepper genotypes

Genotype Stem girth (mm)

Base | Middie [ Top
CA 001 1458 ¢ 12.04 gh 14.39 fgh
CA 002 14.161 1140 m 1425h
CA 003 13.60 ki i2.10g 1394 h
CA 004 13.491 11.09n 13.58h
CA 005 16.68 a 13.74 a 17.95a
CA 006 14,10 ij 1156k 1425h
CA 007 16.37b 13.24b 17.83 ab
CA 008 14.02 11,901 1528 ef
CA 009 1443 h ‘ 11.69] 15.46 de
CA 010 16470 i28le 17.84 ab
CA 01} 15.84 ef 13.09¢ 17.65 ab
CA 012 1678 a 1298 d 17.46 ab
CA 013 13.69k 11.60k 13.95h
CA0l4 15.94 de 11.98h 16.94 be
CA 015 13.09 m 11.451 13991
CA 016 16.09 ¢ 12.53f 17.64 ab
CA 017 14.12 jj 11.58k 14.39 gh
CA 018 14.06 jj 11.99h 15.19 efg
CA 019 13.19m 11.481 14.02 h
CA 020 1581 ¢ 13.28b 15.96 de
BARI Mistimorich-1  16.00 cd 12.50 f 16.19 cd
Level of significance | ** k¥ i
CV % 10.58 8.69 10.88

** = Significant at 1 % level of probability

In a column, means followed by common letter (s) are not significantly different from
cach other at | % level of probability by DMRT.

Stem girth

Base girth: Basc girth was measured at the time of final harvest. Significant difference of
base girth was revealed due to the influence of different genotypes. The highest base girth
(16.78 mm) was revealed from plant of CA 012 which was statistically similar to CA 005
(16.68 mm) while it was lowest in CA 015 (13.09 mm) (Table 1.3.7).

Middle girth: There was significant varjation in middle girth of stem of sweet pepper
which varied from 13.74 mm to 11.40 mm due to influence of different genotypes. The
maximum girth at the middle was in CA 005 (13.74 mm) at the final harvest whereas it
was the lowest in CA 002 (11.40 mm) (Table 1.3.7). This might be due to the general
physiological behavior of the crop plants (Saha, 2001). Rylski and Spigelman (1996)
sliced the stem thickness of inter-nodes (inm) and found 13.9 mm in open field and 15.3
mm in the sweet pepper plénts grown in screen houses and their results corroborated the

findings of the present study.
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Top girth: Significant variation was observed pertaining to the top girth of stem of sweet
pepper recorded at final harvest due to the influence of different genotypes (Appendix X).
Maximum top girth (17.95 mm) was recorded in CA 005 while it was the minimum in CA
003 (13.94 mm) (Table 1.3.7). It is noted that top girth of stem of sweet pepper was
always found to be higher than that of the middle girth. it is speculated that one or more
causes are implicated in this repard as 1) from the top girth position, branches are
developed. So, growth of the plant at that point must be high as a result of which the plant
needs to produce more growth promoting hormones like auxin and cytokinin, responsible
for cell division and cell enlargement over there. This in turn, indicated higher cell
division rate at that point along with cell enlargement. 2) On the other side, for the
development of branches, it requires to accumulate more photosynthcsis over there (Saha,
2001).

Primary branches per plant: The number of primary branches is important for
photosynthesis and it differed significantly (Appendix IX} and ranging from 2.98 to 2.12.
Amoné the genotypes, CA 005 (2.98) produced the maximum number of primary branch per
plant and CA 003 produced the minimum (Table 1.3.8). The primary branches per plant in
different genotypes varied mainly due to inherent characters of the genotypes. Rong (2008)
obtained the number of primary branches per plant varying from 3.52 to 1.89 per plant in

different genotypes which was more or less closer to the findings of the present study.

Secondary branches per plant: The number of secondary branches is important for
photosynthesis and it differed significantly (Appendix IX) and ranging from 29.35 to 21.76.
Among the genotypes; the maximum number of secondary branches per plant was observed in
the genotype CA 016 (29.35) and the minimum in CA 003 (21.76) (Table 1.3.8). Similar
results were also reported by Rahman (2011). The number of secondary branches per plant
was the highest when planted at the widest spacing as reported by Maya et al. (2007) in sweet

pepper cv. California Wonder.

Canopy spread: The largest plant canopy in East-West direction was observed in the
genotype CA 0016 (49.08 cm) and the lowest in CA 009 (41.17 cm) (Table 1.3.8). Among the
genotypes; the largest canopy in North-South direction was observed in the genotype CA 016
{46.28 c¢m) and the lowest was found in CA 008 (36.58 cm). Canopy spread is also important
for photosynthesis and it differed significantly (Appendix IX) and ranging from 49.08 to 41.17
cm and 46.28 to 36.58 cm, respectively.
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Table 1.3.8. Primary and secondary branches per plant and canopy spread of 21 sweet pepper

genotypes

Genotype Primary branches | Secondary Canopy spread (cm)
per plant branches per plant | East-West ] North-Soutk

CA00] 2.51j 2418 g 44380 jk 39.78 k
CA002 2561 2380 h 4573 i 4245 g
CA003 2125 21.761 44501 40.29 §
CA 004 234 0 22.58 j 4398 m 39.64 k
CA005 298 a 2840 b 4834 c 4494 cd
CA006 226r 20106 m 4293 n 37.08 m
CA 007 2904d 2713 d 4692 g 4354 f
CA 008 235n 19.68 n 41900 3658 n
CA 009 246 k 2408 g 41.17 p 37.621
CA 010 292 ¢ 2689 d 4826 ¢ 4516 ¢
CA 013 2950 2756 ¢ 4796 d 4420 e
CA012 2%04d 28170 4864 b 4470 d
CA 013 258 h 23.13i 44 .98; 41.26 i
CA 014 289 ¢ 2690 d 4757 ¢ 4399 ¢
CA 015 240m 2506 f 45.68 i 41.28i
CA 016 288 e 2935 a 4908 a 46.28 a
CAO017 230p 23.93 gh 44.62 ki 42.12h
CA 018 2.44| 24.00 gh 43.98m 3962 k
CA 019 2.29q 22.16 k 4295 n 3989k
CA 020 2.87f 2825 b 47.26 f 4591 b
BARI Mistimorich-l 260 g 2562 ¢ 46.42 h 44.18 ¢
Level of significance | ** *k ** **
CV% 2.56 10.16 8.35 7.36

** = Significant at 1 % level of probability

In a column, means followed by common letters arc not significantly different from
each other at 1 % lcvel of probability by DMRT.

Days to first flower bud initiation

The genotypes statistically differed for the requirement of days to first flower bud
initiation (Table 1.3.9). The minimum days were required by CA 013 (11.19 DAT), CA
018 (11.96) and CA 004 (11.97). It was observed that 15 out of 21 genotypes took the
maximum of 12-14 days for first flower bud initiation. The genotypes CA 007 and CA 008
took 15 days. In respect of days lo first flower bud initiation CA 016 took maximum of I9
days.

6l



Table 1.3.9. Days to 1¥ flower bud initiation, days to 50% flowering and percent
fruit set of 21 of sweet pepper genotypes

Genotype Days to 1 flower Day to 50% | Percent fruit
bud initiation flowering set
CA 001 12.68 jkl 3967 m 80.34 f
CA 002 1356 g 42.34j 79.00 g
CAQ03 13.34 h 40.18 1 75.64i
CA 004 11.97 m 4475 f 7802 h
CA 005 14.67 d 39.08 n 83.70 be
CA 006 13.001 4375 h 74.54)
CA 007 1546b 3900 n 81.69 de
CAQ08 15.08 ¢ 4636 ¢ 70.571
CA 009 12.82 ] 47.65 ¢ 75.281
CA 010 13.64 ¢ 42.09 j 8124 e
CA 011 12.591 41.48 k 82.16 d
CA 012 14.08 c 40371 83.16 ¢
CA 013 11.19n 46.42 ¢ 69.18 m
CA 014 12.74jk 3884 n 8133 ¢
CA 015 14.18¢ 42,67 1 70.281
CA 016 19.12 a 49.76 a 90.66 a
CA 017 1267 K 4727d 7254 k
CA 018 11.96 m 46,55 ¢ 6347 n
CA 019 1387 f 42,67 i 72.68 k
CA 020 1409 ¢ 4409 g 8426 b
BART Mistimorich-1 13.67 g 48.12 b 8129 ¢
Level of sigificance *x ** *k
CV% 5.56 8.35 5.36

** = Significant at 1 % level of probability

In a column, mcans followed by commen letters are not significantly diffierent from
each other at 1 % level of probability by DMRT.

Day to 50% flowering

The parameter days required to 50% flowering werc calculated from the date of
transplanting. The genotypes diffizred significantly from cach othcr as to the requircment
of days to flowcring (Table 1.3.9). Thc minimum days were rcquircd by CA 005, CA 007
and CA 014 (39 DAT). About 39% of thc gcnotypes (CA 001, CA 002, CA 003, CA 010,
CA 011, CA 012, CA 015 and CA 019) required 40-42 days to 50% flowering followed by
CA 004 (45 DAT), CA 006 (44 DAT), CA 008 (46 DAT), CA 013 (46 DAT), CA 018 (47
DAT) and CA 020 (44 DAT). CA 016 took the maximum (50 DAT) days to 50%
flowering. Maurya. (1999) found that thc days rcquircd to 50% flowering in C. annuum
varicd from 20 to 28 days dcpending upon the age of scedlings. Rylski (2002) observed
that due to diffiercnt growth tcmperaturc, the days from sowing to first flowering ranged
from 68 to 79 days. Dcli and Tiessen (1996) stated that the stage of plant devclopment had
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no effiect on the number of days to flowering of peppers. There was however, an effiect of
temperature and light intensity on the number of days fo 50% flowering and it varied from
62 1o 67 days at 18°C and at 1600 fi-C and 800 fi-C.

Percent fruit set

Significant variation was observed among the genotypes pertaining to the percent fruit set
(Table 1.3.9). Fruit set percent varied from as low as 63% in CA 018 to as high as 90.66%
in CA 016. The second highest fruit set percentage was found in CA 020 (84.26%) which
was followed by CA 005 (83.70%), CA 012 (83.16%), CA 01i (82.16%), CA 007
(81.69%), CA 014 (81.33%), BARI Mistimorich-l (81.29%) and CA 010 (81.24%).
Percent firuit set in sweet pepper varied from 14.1% to 16.3% due to the differential
day/night humidity (Bakker, 1998). The percent fruit set varied from 10% to 75% when all
fruit in sweet pepper plants were allowed to mature (Rylski and Spigeman, 1996).
Flowering and fruit set are strongly afficcted by temperature (Polowick and Sawhney,
2005). Differences in rate of flowering and fruit set, because variations in fruit production
and vegetative growth since these processes are closely correlated (Kato and Tanaka,
2001).

1.3.4. Yield and yield contributing characters
Fruit length

The diffierence in firuit length among the genotypes was observed to be statistically
significant (Table 1.3.9. and Plate 1.3.8). The longest length of firuit was observed in CA
016 (16.20 cm) was significantly diffierent from the other genotypes. On the other hand,
the firuit of the genotype CA 015 (680 cm) was the shortest followed by the genotypes CA
019 (8.60 cm) and BARJ Mistimorich-1 (8.70 cm). Wide variability in respect of fruit
length (cm) was exhibited among the genotypes. Fruit length of bell pepper varied from 21
mm to 90 mm as reported by Olufolaji and Makinde (2004). Fruit length of 8 sweet pepper
genotypes ranging from 56 mm 91 mm was recorded at KamphaengSaen, Nakhon,
Thailand (Anon, 1998).

Fruit diameter

There existed significant variation among the genotypes under study pertaining to the fruit
diameter (Table 1.3.10. and Plate 1.3.7, 1.3.9). It vaned from 2.90 ¢m to 7.7} cm. The
genotype CA 010 had the ‘widest diameter and it did not differ from the other two
genotypes viz. CA 005 (7.10 cm) and CA 011 (7.10 cm). The fruit diameters of CA 009,
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CA 014, CA 012 and BARI Mistimorich-1 did not vary from each other. The genotype CA
017 had the lowest fiuit diameter which was significantly different from the rest 20
genotypes. Four genotypes CA 001, CA 007, CA 018 and CA 019 produced firuits with
same diameter 6.20 cm. In all the genotypes it was evident that the diameter ofi firuit did
not exceed the length ofi the fruit. Ojufolaji and Makinde (2004) found firuit diameter of]
bell pepper ranging from 20 mm to 40 mm; the lowest being nearer to CA 017 and the
highest to the CA 003 of the present investigation.

Table 1.3.10. Fruit length, fruit diameter, marketable yield, cull yield, number of secds
per fruit and 1000 sced weight of 21 sweet pepper genotypes

Genotype | Fruit length | Fruit Marketable | Cull yield No. of 1000 sced
(cm) dia. (em) | vield {t/ha) (t/ha) sceds/ fruit | weight (g)
CA 00! 12.14d 62¢g 60.56 ¢ 172k 56131 g885a
CA 002 12.3¢ 59h 2786 de 1111 74.63 jk 5551
CA 003 93 m 4.2k 986 h 026 p 33.07n 523 m
CA 004 93m 49 ; 2930 d 095n 183.10 a 8.104
CA 005 9.0n 716 7619b 30g 109.20 g 6821
CA 006 12.3¢ 58h 23091 0.26p 86.97i 6.53
CA 007 10.05 62g 7671 ab 1.9i1j 7156 k 843 ¢
CA 008 1N.8¢ 68d 5847¢ 2051 150.10 b 894 a
CA 009 9.7k 7.0bc 28974 1.73 k 54911 8.73b
CAOI0 12.5b 77 a 75750 1.00m 77.19j 807 d
CAON 11.0g 70b 7413 b 382¢ 99.18 h TNe
CA 012 10.3i 6%¢  6130c¢ 264 h 154.20b 8024
CAQI3 11.8¢ 59h 1742 ¢ 1.04m 11520 f 7.10h
CAQl4 951 70bc 6202 ¢ 3381 185.10 a g.11d
CA 015 6.3p 50i 1669 g 412b 55.471 771e
CA 016 16.2 a 6.4f Blida 477 a 125.10¢ 72 g
CA 017 11.2f 2.9 946 h 0770 2674 0 567 k
CA 018 113 F 62pg 2786de 173k 95.61 h 1471
CA 019 B6o 6.2g 13.82gh 29% g 50.76 m 7414
CA020 10.7 h 65¢ 78.14 ab 355d 145.50 ¢ 704 h
BM-1 870 69 c 2430 f Jdb e 136.10 d 7.76¢
Levc]' ol' [ 'g‘ L1 E e % i L &k
CV% 2.42 4.75 4.25 5.67 498 4.13

Nole: BM-1, BARI Mistimorich-I, ** = Significant at 1 % level ofiprobability

In a column, means followed by common letters arc not significantly diffizrent from each
other at 1 % level of probability by DMRT.

Number ofi fruits per plant

Contribution ofi yield requires the study ofi the yield attributes ofi twenty one sweet pepper

genotype and number of firuits per plant is one ofi the precious parameter which determines

the yield and it was recorded as such. There were significant influences ofi the number of;

fruits per plant (Fig. 1.3.1). The variation was found wide starting from as low as 8 per

plant in CA 019 and CA 015 to as high as 49 in CA 016. The number ofi fruits produced
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per plant of the genotype CA 020 ranked the second (34) among the twenty one followed
by the genotypes CA007 (31), CA 012 (31) and CA 010 (30). Only seven genotypes
produced statistically the lowest number of firuits per plant, ranging from 8 to 12 ie. the
highest and the lowest number diffiered by only 4. Five genotypes out of 21 produced
fruits which varied from 20.00 to 24.00 i.e. the highest and lowest number differed by only
4. Depesotre and Gomez (2005) recorded 10.50 to 18.38 numbers of; fruits per plant in
Cuba during off-season whereas; Olufolaji and Makinde (2004) reported the highest
variability among the bell pepper germplasm. The number being varied from 20 to 124.
But Rylski and Spigelman (1996) harvested, on an average, around 8.5 firuits in bell per
genotype ‘Maor™ on an average. Contrasting to this, Hegde (1998) recorded only 6.8 to 7.7

firuits per plant in Variety under dif ferent moisture levels at Bangalore in India.

Fruits yield per plant

Yield per plant is one of the important determiners to assess the yield potentiality of the
particular variety. Fruit yield per plant varied from 0.47 to 3.9 kg. The highest yield was
recorded in CA 016 (3.9 kg) and the lowest in CA 003 and CA 017 (0.47 kg) (Fig. 1.3.2).
The yield per plant was not significant among CA 013 (0.83 kg), CA 019 (0.73 kg) and
CA 015 (0.93 kg); among CA 002 (1.3 kg), CA 009 (1.4 kg) and CA 004 (1.4 kg); among
BARI Mistimorich-1 (1.23 kg), CA 006 (1.07 kg) and CA 018 (1.3 kg). The second
highest yiclder genotype was CA 020 (3.7 kg) which was statistically similar to the
genotype CA 005(3.6 kg). The higher yield of CA 016, CA 011 and CA 020 were due to
higher individual fruit weight. The higher number ofi firuits per plant was produced by CA
016, CA 005, CA 020 and CA 010 at the same time their individual fruit weight were
higher which consequently contributed to the higher yield of the genotypes CA 005, CA
020 and CA 010 except CA 106. Aliyu and Olarewaju (2004) recorded per plant ofi
different sweet pepper accessions ranging from 21.00 g to 123.31 g in Nigeria whereas,
Anand and Deshpande (2006) recorded mean firuit yield per plant 182.6 g in 2005 and
157.9 g in 2006 during summer scason i South India. Olufolaji and Makinde (2004)
obtained comparatively higher yield per plant against the present investigation which
varied from 299.2 g to 360 g. Meanwhile, Depestre and Gomez (2005) reported higher
yield compared to Olufolaji and Makinde (2004) in India which ranged from as jow as
300.00 gin HD-12 to as high as 400 gin HD-60. But none found yicld per plant more than
500 g as obtained in the present study indicating a bright .possibility ofi growing sweet

pepper under the agro-climatic condition of Bangladesh.
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Individual fruit weight

Fruits of CA 005 were the heaviest (178 g) while the genotype CA 017 produced firuits
with the minimum weight (23 g). Individual fruit weight ofi three genotypes viz. CA 006,
CA 014 and CA 015 were statistically similar (Fig. 1.3.3). Further, statistically similar
mean firuit weight was also evident among CA 007, CA 009 and CA 010 with 114 g, 115 g
and 115 g, respectively. The genotype CA 002 showed statistically identical weight with
that ofi CA 012.

During off-season in Cuba when the average temperature was 28° C, some sweet pepper
genotypes produced firuits in the field where the mean individual fruit weight ranged from
24,78 g to 136.12 g (Depestre and Gomez, 2005). The mean fruit weight ofi CA 002, CA
003, CA 004, CA 006, CA 007, CA 009, CA 010, CA 012, CA 013, CA 014, CA 015, CA
016, CA 017, CA 018, CA 019, CA 020 and BARI Mistimorich-l1 were within the range
{Depestre: and Gomez, 2005). The low firuit weight ofibell pepper under diffierent moisture
regimes was also observed by Hedge (1998) at Bangalore in India. In South India, during
summer season the average firut weight varied from 279 g to 90.5 g (Anand and
Deshpande, 2006). On the other hand, Rylski and Spigelman (1996) observed mean
weight higher than 100 g under diffierent shading situations. Further, Bakker (1998)
recorded mean fruit weight ofi sweet pepper ranging from 119.7 g to 131.9 g under

diffierent humidity treatments.

Fruit yicld

The performance of the twenty one genotypes was accomplished under the agro-climatic
and edaphic conditions of Bangladesh especially in the field ofi Horticulture Research
Centre ofithe Bangladesh Agricultural Research Institute, Gazipur and the ultimate goal of
the performance trial was to estimale the yield potentialities ofi the genotypes. Fruit yield
(t/ha) of the genotypes varied remarkably (Fig. 1.3.4). Tt ranged from 10.12 t/ha n CA 003
to 86.11 t/ha in CA 016. The second highest yield was calculated in CA 020 (81.69 t/ha)
and CA 005 (79.20 t/ha) followed by the genotypes CA 007 (78.62 t/ha). The intermediate
yields were in CA 011 (77.95 t/ha), CA 010 (76.75 t/ha) and CA 014 (6540 t/ha).
Hemandez (2005) recorded yield range from 6.27 to 17.06 ton in Capsicum annuum but
Hedge (1998) found sweet pepper yield varied from 17.54 t/ha to 25.97 t/ha at diffierent
moisture levels and 17.63 t/ha w0 28.96 t/ha at difficrent nitrogen level in India.
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Marketable fruits yield

Harvested firuit that was higher than 60 g in weight was considered as marketable size
fruit. Marketable fruit yield per hectare is one of the important determiners to assess the
yield potentiality of the particular variety. Marketable fruit yield per hectare was found to
vary significantly among the genotypes studied. Marketable fruit yield varied from 9.46 to
81.34 ton per hectare (Table 1.3.10). The highest yield was recorded in CA 016 and lowest
in CA 017 (9.46 t/ha). The second highest marketable yielder genotypes were CA 020
(78.14 t/ha) and CA 007 (76.71 t/ha). The higher marketable yield of CA 016, CA 005 and
CA 007 were due to the higher number of fruits and individual fruit weight.

Cull {ruits yield

Fruit that was lower than 60 g in weight was considered as cull fruit. Statistical variability
was exhibited regarding cull firuits yield per hectare of twenty one sweet pepper genotypes
(Table 1.3.10). It varied from 0.26 to 4.78 ton per hectare. The highest cull yield was
recorded in CA 016 (4.78 t/ha) and the lowest in CA 003 and CA 006 (026 t/ha). The
second highest cull yield per hectare was calculated in CA 015 (4.12 t/ha) and CA 011
(3.8 t/ha) followed by the genotypes CA 020 (3.55 t/ha), BARI Mistimorich-1 (3.46 t/ha),
CA 014 (3.38 t/ha), CA 005 (3.0 t/ha) and CA 019 (2.99 t/ha).

Number of seeds per fruit

The number of seeds produced per fruit was counted to see the seed production
potentialities of the sweet pepper genotypes under study. They showed wide var'iation
regarding the number of seeds per fruit (Table 1.3.10). In respect of seed production
potentiality the genotype CA 014 topped the list producing around 185 seeds per fruit
while CA 004 produced 183 and these two genotypes were lettered as *a’ indicating no
significant diffizrence between the two. The second highest number of seeds per fruit
produced by the genotypes CA 012 (154.20) and CA 008 (150.10) which were not
statistically significant. Five genotypes viz. CA 005, CA 013, CA 016, CA 020 and BARI
Mistimorich-1 produced fruits with mean seed number more than 100 per firuit but less
than 150. About 29 % genotypes produced fruits with mean seed number more than 70 but
< 100. Only CA 003 and CA 017 had shown poor performance as regards the production
of seeds per fruit having 33.07 and 26.74, respectively. Rylski and Spigelman (1996)
observed the number of seeds per firuit to be 149 in open field conditions using the variety
‘Maor’. Pressman er al. (2008) found up to 162 sceds per fruit in the variety Mazurka of
sweet pepper when three lines pollination were done and 319 seeds per fiuit under the

same pollination pattern.
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Rylski and Spigeiman (1996) found 244 to 304 sceds per fruit under different shading
percentages. On the contrary, Bakker (1998) observed the number of seeds per fruit varied
from 79.2 to 119.2 at diffierent day/night temperature conditions. Sanchez et al. (2003)
found the maximum of 458 seeds per fruit when 60 cm plant to plant spacing was

maintained i bell pepper.

1000 sced weight

Significant variation among the genotypes was observed for 1000 sced weight as
presented in Table 1.3.10. The ranges of 1000 seed weight varied from 5.23 g to 894 g,
The maximum weight was recorded in CA 008 and the lowest in CA 003. Higher seed
wéight during winter was accounted might be due to increased synthesis of plant
hormones along with other favorable factors for seed formation under optimum

temperature.

Selection of genotypes as parent for hybridization program

The genotypes of this investigation of sweet pepper showed variation in morphological as
well ag quantitative traits. On the basis of yield, fruit quality and fruit colour, the
genotypes CA 005, CA 007, CA 010, CA 011, CA 012, CA 014, CA 016 and CA 020
were found to be promising under Bangladesh condition. Consideting yield performance
and physio-morphological characters, the genotypes CA 005, CA 007, CA 010, CA 011,
CA 012, CA 014, CA 016 and CA 020 may be considered as better parents for future

hybridizalion programme.
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Plate 1.3.5. Photographs showing variabilities in fruits of 6 sweet pepper genotypes at
matured stage
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at matured stage
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Plate 1.3.7. Variabilities in fruit pericarp thickness 0f20 sweet pepper genotypes at
green stage
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Plate 1.3.8. Photographs showing fruits of 16 sweet pepper genotypes at full
matured stage
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Plate 1.3.9. Variabilities in fruit pericarp thickness of 16 sweet pepper genotypes
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Expt. no. 2

COMBINING ABILITY AND GENE ACTION FOR YIELD AND ITS
COMPONENTS IN SWEET PEPPER

2.1. INTRODUCTION

Sweet pepper is an important winter vegetable crop but it is cultivating year round now a
days. Only two varieties have been released by Bangladesh Agricultural Research Institute
(BAR]) for cultivation in the country. To meet the present ever increasing demand, it is
necessary to develop high yielding varieties for winter. Since there exists a considerable
variability of this crop in Bangladesh, possibilitics to develop high yielding varieties through

breeding approaches like selection or hybridization are enourmous.

A sound-breeding programme provides the opportunity to produce high yielding varieties of a
crop with superior quality. However, the development of a2 meaningful breeding programme
needs information on the nature of gene actions controlling the economic characters and other
characters of importance. Knowledge of genetic architecture of the characters under
improvement 1s essential for adopting appropriate breeding procedure. Such knowledge leads
the plant breeder to develop new commercial varicties of the crop. Gardner (1963) stressed
that information on variation attributable to genetic diffierences and also on the relationship
among various quantitative traits 15 fundamentally significant in 2 crop improvement

programme.

Combining ability predicts performance of parents in cross combination and thus, helps in
identifying the desirable parents as well the crosses for a crop improvement program. It also
helps to get idea about the nature of gene action for a particular character. Study of combining
ability offiers a scope to partition genetic variances of the character into additive and non -
additive components. Such knowledge leads the plant breeder to develop new commercial
varieties of the crop. There are two types of combining ability such as general combining
ability (GCA)’and specific combining ability (SCA). The parents with high GCA could be
used for develo ping inbred variety, while crosses showing high SCA could be used for

developing hybrid variety.

The GCA component is primarily a function of the additive genetic variance. GCA variances
with each parent play significant role in the choice of parents. A parent with higher positive

significant effizcts is considered as a good general combiner. The additive component of
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genetic variation is transmitted from generation to generation in a predictable manner and

gives good response of selection.

The SCA effects signify the role of non-additive gene action in the expression of the
characters. It indicates the highly specific combining ability leading to the highest
performance of some specific cross combinations. That is why it is related to a particular
cross. High SCA effects may arise not only in crosses involving high combiners but also in
those involving low combinel's. Thus in practice, some of the low combiners shouid also be

accommodated in hybridization programme.

Diallel cross analysis provides the estimates of genetic parameters regarding combining
ability as well as a rapid overall picture of the dominance relationship of the parents studied
using the first filial generations (F) with or without reciprocals. Diallel anajysis involving
parents give the additional information as presence or absence of epistasis, average degree of
dominance, distribution of dominant and recessive genes in the parents. Application of djallel

technique in a self-pollinated crop like sweet pepper for this purpose may be appropriate.

In Bangladesh, very limited information are available for determining nature of gene effects
and inheritance of yield and yield contributing attributes of sweet pepper. Therefore, the

present investigation was undertaken with the following ob jectives:

1. to determine the general combining ability of parents and specific combining ability of

crosses for yield and its components

2. to determine the mode of gene action of yield and yield contributing characters.
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2.2. MATERIALS AND METHODS

2.2.1. Site and duration of the experiment

The cxperiment was conducted at the experimental farm of Olericulture Division, HRC,
BARI, Joydebpur, Gazipur during the period from Octoberber 2013 to April 2014, The

location of the experiment was same as mention in experiment-1.

2.2.2. Climate and soil

The Climate and soil of the experimental was same as mention in experiment-1. The weather

data regarding air temperature, relative humidity and rainfall for the study period are

presented in Appendix IIL

2.2.3. Plant materials

A half-dialle] cross of 8 x 8 were constructed from the following eight parental lines:
P, =CA 016
P,= CA 005
P,=CA 007
P,=CA 010
Ps=CA 011
Ps=CA 012
P,=CA 014
Pg=CA 020

The parents werc selccted on the basis of their field performance and percent fruit set as
evaluated in cxperiment 1. Characteristics of parental lines arc presented in Table 2.3.1.
Photographs of the parental lines arc also presented in Plate 2.3. 1. to 2.3.3. Parental seeds were
sown in the first week of October for mating. The basic seeds of the 8 x 8 half-diallel mating
were produced in the vegetable research field of Olericulture Division HRC, BARI during
November 2013 to April 2014, Seeds of 28 Fis including 8 parents were the planting materials of
the present investigation. Photographs on hybridization techniques and plants with successful
firuits are shown in Plate 2.3.1 t0 2.3.9.

78




