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The study was conducted to elucidate the phenotypic variability and extent
of genetic diversity of 28 chilli (Capsicum annuum L.) genotypes. The selected
chilli genotypes were grown at the Field Laboratory of the Department of
Genetics and Plant Breeding of Bangbandhu Sheikh Mujibur Rahman Agri-
cultural University, Bangladesh with recommended agronomic practices.
The experiment was laid out in a randomized complete block design with
tree replications. The analysis of variance revealed considerable variability
among the genotypes for the character studied. Genetic diversity in chilli
genotypes were estimated based on 16 growth and yield contributing charac-
ters using Mahalanobis’s D? statistics and K-means clustering. The genotypes
were grouped into four different clusters by non-hierarchical clustering. Clus-
ter I had the maximum number (13) of genotypes followed by cluster 1V,
III and I with 7, 5 and 3 genotypes, respectively. The highest inter-cluster
genetic divergence (9.87) was recorded between clusters I and III, whereas the
highest intra-cluster distance was recorded in cluster I (4.37). Cluster I was
observed to be the most important with maximum cluster means for most
of the valuable traits including number of fruits per plant and number of
fruit yield per plant. The characters fruit yield /plant, days to 100% fruiting,
days to first flowering and individual fruit weight contributed maximum
towards divergence. Considering diversity pattern and other horticultural
performance Genotype 7 from cluster II, Genotype 20 from cluster III, and
Genotype 8, Genotype 10 and Genotype 24 from cluster IV may be taken
into consideration as better parents for an efficient hybridization program of
chilli.

Keywords: Chilli, genetic variability, D? statistics, clustering, genetic diver-
gence
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1 Introduction

Chilli (Capsicum annuum L.) is grown worldwide both
as a spice and as a vegetable crop and world’s second
most important solanaceous vegetable after tomato.
Chilli grown for its fruits, which are used in green

as well as ripe dried form for its pungency. Chilli
belongs to the genus Capsicum, family Solanaceae.
It has originated from south and Central America
(Bahurupe et al., 2013) spp. viz. C. annuum, C. bac-
catum, C. chinense, C. frutescens, and C. pubescens.


http://dx.doi.org/10.5455/faa.133442
https://orcid.org/0000-0001-8270-5968
mailto:anwargpb@bau.edu.bd
mailto:aminulgpb@bsmrau.edu.bd
10.5455/faa.133442
http://dx.doi.org/10.5455/faa.133442

Sharmeen et al.

Among these, C. annuum L. is the most widely culti-
vated species all over the world for its pungent (chilli
syn. Hot pepper) and non-pungent (sweet pepper)
fruits (Bosland, PW. and Votava, E.J., 2012). It is self-
pollinated crop but 2% to 96% out crossing was ob-
served under open pollination (Berker, 2000). Chilli is
widely cultivated throughout the year in Bangladesh.
A rich diversity of chilli exists due to varied geo-
climatic regions of Bangladesh. In Bangladesh, the
production of chilli was 0.492 million mt in 0.1 mil-
lion ha of land with an average yield of 405 kg/ha
during 2021-22 (BBS, 2022). Despite having a rich
diversity, the production of chilli is decreasing day
by day. The lack of improved genotypes is the prime
cause of low production. Assurance of production
of chilli in a large scale is feasible only by means of
breeding programs.

A number of chilli cultivars are grown in
Bangladesh differing in habit, size, shape, color, pun-
gency and yield which indicating their wide range
of variability (Afroz et al., 2017). The chilli landraces
of different district in Bangladesh are heterogeneous
and a wide variability in respect of fruit morphology,
pungency, bearing habit and crop duration is found
throughout country (Deepo et al., 2020). Bangladeshi
chilli varieties have been developed traditionally by
selection, hybridization and back crossing with lo-
cally adapted cultivars (Sharmin et al., 2018). An
important source for the introduction of new traits is
the existence of a genetically diverse pool of chilli
germplasm available in the country but they are
mostly lying unexplored. Genetic resources play a
pivotal role in its economical utilization and desir-
able traits improvements. Genetic divergence exist-
ing in the population helps in the selection of suit-
able parents for chilli breeding (Herath et al., 2020;
Karim et al., 2021). The variability among local and
exotic genotypes in genetic attributes which can be
combined through hybridization to develop varieties
with higher yield and nutritional qualities (Wang and
Bosland, 2006). The genus capsicum is often-cross pol-
linated crop and hence exhibits wide variability for
different quantitative and qualitative traits (Sharma
et al., 2010). Evaluation of genetic diversity is impor-
tant to know the source of genes for a particular trait
within the available germplasm (Tomooka, N., 1991).

Genetic diversity is the basic requirement for any
successful breeding program (Mishra et al., 2022). As-
sessment of genetic diversity among germplasm is a
prerequisite for plant breeders in choosing potential
parental lines because of two reasons: i.e., (i) In the
hybridization program, genetically diverse parents
likely to produce high heterotic effect, and (ii) Geneti-
cally distant parents could produce a wide spectrum
of variability in the segregating generation. Jinks and
Hayman (1953) and Griffing (1956) have described
analysis of diallel crosses which provide rapid overall
evaluation of certain genetic relationship such com-
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bining ability among the parents and their crosses
entering diallel crosses. Therefore, a clear charac-
terization of germplasm is the first step to facilitate
successful breeding efforts. Selection of genotypes
from divergent clusters and components having more
than one positive trait for hybridization program may
lead to improvement in yield (Singh et al., 2017). The
degree of genetic divergence can be quantified using
Mohalanobis’s D? statistic of multivariate analysis
which is recognized as a powerful tool for assess-
ing the relative contribution of different characters to
the total divergence in self-pollinated crops (Jakhar
et al., 2016; Sutariya et al., 2016; Bhandari et al., 2017).
Therefore, the present study was undertaken to as-
sess the genetic diversity in 28 genotypes of chilli to
identify suitable parents for hybridization program.

2 Materials and Methods

2.1 Study location

The field experiment was conducted at the experimen-
tal farm of Department of Genetics and Plant Breed-
ing, Bangabandhu Sheikh Mujibur Rahman Agricul-
tural University (BSMRAU), Salna, Gazipur during
the period from November 2016 to September 2017.
The location of experimental site was at the center
of Madhupur Tract (24.05° N latitude and 90.25° E
longitude) with an elevation of 8.4 m from the sea
level. The soil of experimental field belongs to the
Shallow Red Brown Terrace type under Salna Series
of Madhupur Tract of Agro-ecological Zone (AEZ) 28
which is characterized by silty clay with pH value of
5.5. The climate of the experimental site is subtropical
in nature characterized by heavy rainfall during the
months from June to September and scanty in water
with gradual fall of temperature from the month of
September.

2.2 Materials and experimental design

Twenty eight genotypes of chilli were used to study
the genetic diversity among the germplasm. The
genotypes were grown in the field Laboratory of the
Department of Genetics and Plant Breeding of Bang-
bandhu Sheikh Mujibur Rahman Agricultural Univer-
sity, Gazipur, Bangladesh. The experiment was laid
out in a randomized complete block design with three
replications. The experimental area was divided into
three blocks. Each block consisted of 28 unit plots
(4 m x 2.5 m). Plants of the same genotype were
planted with a spacing of 0.5 m x 0.5 m. Thus, the
total number of plots was 84. The blocks and plants
were spaced at 1 m. The seeds of different chilli geno-
types were sown in earthen tub. The seedlings at the
age of 4 to 5 leaves were suitable for transplanting
and this took 35-45 days after sowing. The transplan-
tation of seedlings was done on December 28, 2018.
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Raised beds were prepared for transplanting. The
experimental plots were fertilized with, urea, TSP,
MoP and gypsum @ 210, 330, 200 and 110 kg/ha ,
respectively (Haque et al., 2020). The total amount of
cowdung, TSP, gypsum and one third of MoP were
applied during land preparation. The rest of MoP and
urea were applied at three equal splits after 20, 50 and
70 days of transplanting. At the time of transplant-
ing, Dursbarn 20 EC and Ridomil MZ 68 WP were
used at the rate of 5 mL/L and 3 g/L, respectively
for soil treatment. Irrigation was given as and when
necessary. Weeding was done after every 20 days of
transplanting.

2.3 Datarecording

Ten plants from each plot were randomly selected
and tagged with labels. Data were collected from
these plants. Data were recorded on the growth and
yield contributing traits viz., days to flowering, days
to fruit setting, plant height, days to green fruit ma-
turity, number of fruits per plant, fruit length, fruit
diameter, individual fruit weight, fruit yield per plant,
number of seeds per fruit.

2.4 Data analyses

The ‘R’ statistical package (version 4.0.2) was used to
perform all statistical analyses (R Core Team, 2021).
One way ANOVA followed by Tukey’s post hoc test
were conducted for comparing the means of studied
traits among the chilli genotypes. The R packages ‘gg-
plot2’, ‘ggfortify’, “usethis’, ‘devtools’, ‘plyr’, ‘scales’,
and ‘grid” were used to perform principal component
analysis (PCA). ‘Metan” package was used to calcu-
late the intra- and inter-cluster differences of the chilli
genotypes. The ‘ggplot2” package was used to plot
the PCA biplot and other figures.

3 Results and Discussion

The analysis of variance (Table 1) exhibited signifi-
cant differences among the genotypes for all the traits
under study, except for 50% days to flowering (DFTF)
which indicated considerable amount of genetic vari-
ability and subjected for further analysis. The mean
performance with their standard error for 16 growth
and yield contributing characters of 28 chilli geno-
types are presented in Table 2. It can be seen from
Table 2 that there are considerable variations in these
characters among the studied genotype. The length
of chilli fruits varied from 1.2 £ 0.26 cm (genotype
22) to 15.08 £+ 1.89 cm (genotype 22). The highest
individual fruit weight (5.5 £ 0.53 g) was recorded
in genotype 18 while the lowest (0.73 £ 0.06 g) was
recorded in genotype 14. Genotype 17 produced the
maximum fruit yield (0.97 & 0.11 kg/plant) and the
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lowest yield (0.02 kg/plant) was recorded genotype
28.

Genetic diversity of germplasm determines their
potential for improved efficiency and thereby uti-
lizing diverse genetic material in breeding program
which may eventually result in enhanced crop pro-
duction (Mishra et al., 2022). Amongst the various
tools to assess genetic diversity, D? statistic is a pow-
erful tool for estimating genetic diversity and to iden-
tify the parents for hybridization to obtain desirable
recombinants since diverse parents lead to high het-
erosis (Khodadadi et al., 2011). Inclusion of diverse
parents in hybridization program provides an op-
portunity to combine desirable genes and hence, re-
sulted in isolation of superior lines with requisite
traits (Gaiero et al., 2018; Nahak et al., 2018; Taylor
and Larson, 2019).

Cluster analysis is the most suitable approach
in identifying variability in germplasm, lessen the
number of breeding lines by eliminating duplicates
from large germplasm and thereby, suggests appro-
priate parents to be involved in conventional breed-
ing (Mustafa et al., 2015; Jarwar et al., 2019). With
Euclidean cluster analysis, 28 genotypes of chilli were
grouped into four clusters (Fig. 1). All four clusters
were polygenotypic. Cluster I and II, Il and IV were
composed of 3, 13, 5 and 7 genotypes, respectively
(Table 3). Cluster II comprised of maximum 13 geno-
types. However, other researchers (Dutonde et al.,
2008; Datta and Jana, 2010; Pujar, 2017; Negi and
Sharma, 2019) found maximum genotypes in cluster-
I. Different clustering patterns in chilli were also re-
ported by earlier workers (Janaki et al., 2015; Bijalwan
et al., 2018) in their respective studies.

The intra-cluster distance varies from 0 to 4.37
with the highest in cluster I followed by 4.01 in clus-
ter IV and 3.77 in cluster II while cluster III had intra-
cluster distance with zero value (Fig. 2). The inter-
cluster distance ranged from 0 to 9.87 (Fig. 2). The
highest inter-cluster genetic divergence (9.87) was
recorded between clusters I and III followed by III
and IV, and I and II. The clustering pattern of dif-
ferent genotypes did not follow their geographical
distribution and was fairly at random. This suggests
that falling of materials of same origin into different
clusters was an indication of broad genetic base of
the genotypes belonging to the origin. It also indi-
cates that the genotypes included in the clusters with
high inter-cluster distance showed sufficient genetic
diversity and selection of parents from these diverse
clusters would be useful in hybridization program
for improving yield and other desirable horticultural
traits. The crosses involving the diverse genotypes
would be expected to manifest maximum heterosis
and are more likely to evolve desirable recombinants
in segregating generations.
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Table 1. Analysis of variance (ANOVA) for growth and yield contributing characters of 28 chilli genotypes

Sources of variation (mean squares)

Traits CV (%)
Genotype (27) Replication (2) Error (54)

DFRF 143.46 *** 0.44 ns 3.23 1.71
DFTF 157.57 ns 106.75 ns 119.95 9.55
DHDEF 106.23 *** 1.94 ns 2.1 1.15
DFFS 300.59 *** 0.33 ns 2.63 1.65
DFTS 107.36 *** 3.25ns 3.016 1.38
DHFS 88.92 *** 1.48 ns 1.66 0.96
DFFM 130.54 *** 1.11ns 1.65 0.84
DFTM 127.14 *** 1.58 ns 1.42 0.74
DHFM 94.05 *** 8.37 ns 3.75 1.15
FRLN 24.30 *** 091 ns 0.52 11.14
FRDM 10.70 *** 2.90 ns 1.53 12.1
FRPP 5123.08 *** 1223.38 ns 679.97 19.32
IFRW 6.64 *** 0.05 ns 0.06 10.15
NSPF 792.19 *** 42.82 ns 93.11 13.48
YLPL 0.15 *** 0.01 ns 0.01 244
PLHT 482.90 *** 168.48 ** 26.72 9.77

DEFREF: days to first flowering, DFTF: days to 50% flowering, DHDEF: days to 100% flowering, DFFS: days to first fruiting,
DFTS: days to 50% fruiting, DHFS: days to 100% fruiting, DFFM: days to first green fruit maturity, DFTM: days to 50%
green fruit maturity, DHFM: days to 100% green fruit maturity, FRLN: fruit length (cm), FRDM: fruit diameter (mm), FRPP:
number of fruits/plant, IFRW: individual fruit weight (g), NSPF: numbers of seeds/fruit, YLPL: green chilli yield/plant
(kg), PLHT: plant height (cm). Values in the parenthesis with sources of variation column are degrees of freedom (df); *** =
significant at 01% level of significance, ns = not significant
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Figure 1. K-means clusters of 28 chilli genotypes based on their performance of 16 plant characters, yield
contributing characters and yield
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Table 2. Performance of 28 chilli genotypes for growth and yield contributing characters
Genotype DFRF DFTF DHDF DFFS DFTS DHFS DFFM DFTM
Genl 107 + 2.08 115 +2 122 +2.08 117 £ 0.58 127 +1 128+1.15  151+0.58 160 + 0.58
Gen2 110 + 0.58 120 + 1.53 127 +1.53 1194153 129 +153 136 +1.73 150 + 1 161 + 0.58
Gen3 104 +2.08 113 +2 124 +£1.15 114+115 1254153 134+1 146+ 153 156 + 2.08
Gend 103 +3 114 £ 2.65 120 + 1 114 +3 127 £1 130 +£058 153 4+2.08 161 + 1
Gen5 103 + 1 114 +1.53 118 +1.53 94 +1.15 127 +1 12941 1524173 161 +1.53
Gen6 102 +1.53 1341 123 +1.15 94+153  124+153 131+173 1474115 158 +1.15
Gen7 110 +0.58 120+1 124 +2.08 100+1 1304153 133+153  154+153 163 +1.73
Gen8 107 £ 0.58 118 £ 0.58 122 £1.15 98 +1 130 £ 1.15 132+1 159 £ 0.58 167 & 0.58
Gen9 11242 123 +2.31 131+ 1.15 102 +1 127 £1 138 +1.53 159 + 1 168 + 1.53
Gen10 113 +1.73 123 +2.65 130 +0.58 103+1 130+ 115 139+1 159+ 115 169 +1
Genll 112 +1.53 122 4+ 153 128 4+ 1.53 10041 1314058 13842 161+£2.08 169 + 153
Gen12 109 +1 119 +£1.15 131 +£1.53 99+1 1274153 138+1 156+ 115 167 +1.53
Gen13 107 +1.73 117 +2 131 4 0.58 98 +2 12541 140+1 157 +£058 167 4 0.58
Genl4 92 4 1.53 103 + 2.52 110 £1.53 84+153 1124153 121+1 139+1 147 £1.15
Gen15 9241 106 £ 0.58 115+1 82+1 115+1 127 £ 0.58 140 £ 0.58 150+ 1
Genl6 103 + 0.58 114+1 128 +2.31 93+153 1264115 135+115  152+153 161 +1
Genl7 93+ 1.15 103 +2.52 114 +1 82+£115 115+ 153 1204153 139+1.15 150 +1.15
Gen18 111 4 0.58 122 4 2.08 131+ 1.15 101+1  130+£1.15 137 +115 160 + 0.58 169 + 0.58
Gen19 108 + 1.53 118 +2.08 131 +£2.52 97 £153 1294252 136 + 0.58 152+ 1 161 +1.53
Gen20 106 + 1.15 116 + 1 133 +1.53 96£208  129+0.58 13841 157 +£1.53 166 + 1
Gen21 103 + 1 123 +0.58 131+1.73 94 4 1.53 130 +1 140+1 150 +0.58 158 + 0.58
Gen22 107 £ 1 118 £1.15 129 +£1.15 96 + 0.58 128 £1.53 139 £1 156 £ 1.15 165 +1
Gen23 96 =+ 56.89 120+1 133 +2 1114058 137 +2.65 1424058 161 +1.15 170 +1
Gen24 114 +3.51 124 +4.04 126 +1.53 104 + 3.61 13144 136153  152+1.15 164 £1.15
Gen25 96 + 2.52 106 + 1.53 122+ 115 86 + 1.53 11542 131+153  141+173 150 + 1.53
Gen26 105 +1.73 115 +1.53 129 +0.58 95+058 1234252 137+1 154+ 173 161 +1
Gen27 100 + 4.04 111 +3.79 127 +0.58 914321  120+252 134+115 1554058 165+ 1
Gen28 96 + 1.53 107 +2.52 126 +1.15 87+1 1174265 1314265  145+173 156 + 1.53
DHFM FRLN FRDM FRPP IFRW NSPF YLPL PLHT
Genl 170 4+ 1.53 10.7 4 2.34 8834032 120+ 16.98 1.94+02 751461 0234004 61.73 £ 5.85
Gen2 1714208 1508 +1.89 1077 +227 144 +£207  433+045 832+617  063+015 64.1 +£15.1
Gen3 169 +1.15 7.73 +0.55 9.67+085  134+1846  283+0.12  7587+1258  0.38+£004 7277 +1415
Gen4 166 + 1 284026  1277+085  172+1076  283+£021  8373+£1745 049 +0.04 56.1 + 5.28
Genb 167 £1.73 717 £0.8 10.07 +1.07 106 £ 20.07 25+£02 66.07 £10.45 0.27 £ 0.07 55.2 &+ 4.65
Gené6 164 + 1 8.7 +03 93452 14243259  233+£035  91.63+1097  034+0.11 43 +£2.61
Gen7 167 £1.15 77+£072  11.63 £096 102426  377+023 683+£1093  0.39+0.03 54.77 + 541
Gen3 166 + 4.93 6.23 +0.42 9374093 156 +3206  1.83+0.15 634+756 0294008 63.2 +7.37
Gen9 172 +£0.58 8.53 £ 0.59 853+£087  138+£6335 293 +031 72.77 + 6.43 04+0.17 4227 £1.75
Gen10 173 4+ 0.58 487+032 13234061 94+£754  367+£024  7033+£1006 0344001 56.07 + 5.56
Genl1 172 +£2.52 5.63 +0.25 97+036  191+3151  3.63+031 725+773  0.69+0.13 7547 +5.25
Gen12 170 £ 0.58 713 £0.32 10.5 £ 0.96 156 £ 32.25 2.57 +0.29 70.27 £4.75 0.39 4 0.05 68.03 & 2.46
Gen13 175 +1.53 9.87 £ 0.83 78+£056  164+4114  243+032 56.03+4.76  041+0.16 64.9 +6.16
Genl4 151 +1 75+£044 1107 £021 94+£1227  0.73+0.06 68.07 +2.9 0.07 £0 35.17 £5.1
Genl5 157 + 1 7.03 +0.15 8574061  184+2403 157 +0.12 7573 £505  0.29 +0.02 54.8 + 5.46
Genl6 168 + 0.58 487 £0.15 1024075 11542201 087 +0.06 43.63 +4.16 0.1+0.03 3427 £1.25
Gen17 164 +1.15 9.03 +0.72 127404 159 £2225 61+£026  102734+297 097 +0.11 52.83 + 3.45
Gen18 175+ 1 7.83 +0.87 14.53 + 0.6 98 + 6.38 55+ 0.53 90.77 £247 054 +0.04 39.27 +1.53
Gen19 172+ 1 52 +0.46 9.17 £ 0.42 167 £ 15.42 0.77 £+ 0.06 76.67 £ 6.87 0.13 4 0.02 33.37 £ 3.2
Gen20 174 +4.73 453 + 042 115406  165+£21.75  0.87 +0.06 67.57 £2.89  0.14 +0.01 55.17 +4.75
Gen21 174 + 2.65 28403 8.6 £ 0.62 1514302  0.87 +0.06 4373+£6.09  0.13+0.03 411424
Gen22 175 +1.15 124026 11401 123+£5113 263 +021 9517 +881  033+0.15 58.8 +4.97
Gen23 174 +£0.58 2.97 £0.21 72+£017 220 £ 4.95 08+0.1 4173+£743  0.18+0.02 72.9 £33
Gen24 171+ 1.15 653+042  1013+0.87 194 437.92 334036 91.87+1029  0.64+0.12 62.9 +4.03
Gen25 163 +2.52 497 £0.25 8.07 £ 0.21 924£2062  133+£015  67.03+£2263  0.12+0.04 4467 £15
Gen26 169 + 153 323+021 7.47 £ 0.06 59 +3.76 0.8+0.1 473+624  0.05+0.01 38.03 +2
Gen27 169 + 0.58 65+044  1337+071 80+1348  377+£032  8897+2016  0.31+0.07 4217 £3.01
Gen28 164 +3.79 5.4 £ 0.52 1043 £ 1.1 58 £6.73 0.33 £0.06 53.67 £3.12 0.02£0 38.63 £2.14

Values are mean =+ standard deviation; DFRF: days to first flowering, DFTF: days to 50% flowering, DHDEF: days to 100% flowering, DFFS:
days to first fruiting, DFTS: days to 50% fruiting, DHFS: days to 100% fruiting, DFFM: days to first green fruit maturity, DFTM: days to 50%
green fruit maturity, DHFM: days to 100% green fruit maturity, FRLN: fruit length (cm), FRDM: fruit diameter (mm), FRPP: number of
fruits/plant, IFRW: individual fruit weight (g), NSPF: numbers of seeds/fruit, YLPL: green chilli yield /plant (kg), PLHT: plant height (cm)
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Table 3. Distribution of 28 chilli genotypes among different clusters on the basis of Mahalanobis D?-analysis

cluster Genotypes

Cluster I Gen3, Genl6, Geenl?7

Cluster II Gen4, Gen5, Gen7, Gen9, Genl1, Gen12, Gen13, Genl4, Gen22, Gen23, Gen25, Gen27, Gen28
Cluster 111 Genb, Genl18, Genl19, Gen20, Gen21

Cluster IV Genl, Gen2, Gen8, Gen10, Gen15, Gen24, Gen26

Table 4. Mean values of 16 traits for each of the four clusters identified in 28 chilli genotypes. The number of
genotypes included in each cluster is given in the respective parenthesis

Traits Cluster I Cluster II Cluster 111 Cluster IV
(n=23) (n=13) (n=>5) n=7)
DFRF 115.11 104.23 97.8 107.71
DFTF 114.11 115.56 108.33 117.95
DHDF 129.22 125.59 122.87 126.14
DFFS 104.89 99.08 88.6 100.67
DFTS 132.89 125.54 117.33 128.52
DHFS 138.67 133.77 130.8 134.19
DFFM 158.11 151.31 146.87 154.76
DFTM 167.89 160.77 155.73 164.14
DHFM 172.44 168.82 163.07 170.76
FRLN 5.04 7.28 5.52 6.33
FRDM 9.01 9.94 10.08 11.36
FRPP 201.44 156.31 76.64 108.51
IFRW 2.58 2.48 1.39 2.98
NSPF 68.7 74.1 65.01 72.77
YLPL 0.5 0.38 0.11 0.31
PLHT 70.42 54.74 39.73 51.44

DEREF: days to first flowering, DFTF: days to 50% flowering, DHDEF: days to 100% flowering, DFFS: days to first
fruiting, DFTS: days to 50% fruiting, DHFS: days to 100% fruiting, DFFM: days to first green fruit maturity,
DFIM: days to 50% green fruit maturity, DHFM: days to 100% green fruit maturity, FRLN: fruit length (cm),
FRDM: fruit diameter (mm), FRPP: number of fruits/plant, IFRW: individual fruit weight (g), NSPF: numbers
of seeds/fruit, YLPL: green chilli yield/plant (kg), PLHT: plant height (cm); the boldface numbers are the
highest values among all cluster for the respective traits

Figure 2. Average intra and inter cluster distance (D?) for 28 chilli genotypes
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The minimum inter-cluster distance (4.37) was ob-
served between genotypes of cluster II and III (Fig. 2)
which can be used for backcross breeding program.
The genotypes of cluster I and II also showed min-
imum inter-cluster distance. The low inter-cluster
distance between these cluster pairs suggested close
proximity of genotypes grouped in these clusters with
respect to their genetic constitution. The genotypes
grouped into the same cluster presumably diverge
very little from one another and crossing of genotypes
belonging to the same cluster is not expected to yield
desirable segregants. Based on inter- cluster distance,
the earlier workers (Mishra et al., 2001; Janaki et al.,
2015; Srinivas et al., 2015) have also suggested selec-
tion of parents from diverse clusters for utilization in
hybridization program to obtain desirable transgres-
sive segregants.

The composition of cluster means of chilli geno-
types for different characters showed considerable
differences among the clusters for each trait (Table 4).
Cluster I was observed to be the most important with
maximum cluster means for most of the valuable
traits including number of fruits/plant and number
of fruit yield/plant. On the other hand, the high-
est values for fruit diameter, days to 50% flowering
and individual fruit weight were estimated in clus-
ter I. The highest values of fruit length and number
of seeds/fruit were recorded from cluster II. It has
been well established that more the genetically di-
verse parents used in hybridization program, greater
will be the chances of obtaining high heterotic hy-
brids and broad-spectrum variability in segregating
generations. Hence, different clusters of genotypes
on the basis of means revealed divergence for dif-
ferent characters and can be utilized as indicators
for selecting diverse parents for specific trait in hy-
bridization program (Kumar and Mallikarjunaiah,
2010; Janaki et al., 2015; Bijalwan et al., 2018; Sind-
husha and Rawat, 2020).

4 Conclusion

According to the results of the study, it can be con-
cluded that Genotype 7 from cluster II, Genotype 20
from cluster III, and Genotype 8, Genotype 10 and
Genotype 24 from cluster IV are better parents for an
efficient hybridization program of chilli.

Acknowledgments

The study was funded by Ministry of Science and
Technology of the People’s Republic of Bangladesh
as NST-Fellowship awarded to the first author.

Fundam Appl Agric 7(4): 327-335, 2022 333

Conflict of Interest

The authors declare that there is no conflict of inter-
ests regarding the publication of this paper.

References

Afroz R, Hossain MA, Rahman S. 2017. Morpholog-
ical characterization of chilli germplasm
in Bangladesh. Bangladesh Journal of
Agricultural Research 42:207-219. doi:
10.3329/bjar.v42i2.32809.

Bahurupe SB, Sakhare SB, Kulwal PL, Akhare AA,
Pawar BD. 2013. Genetic diversity analysis in
chilli (Capsicum annuum L.) using RAPD mark-
ers. The Bioscan 8:915-918.

BBS. 2022. Year Book of Agricultural Statistics of
Bangladesh 2021. Bangladesh Bureau of Statis-
tics, People’s Republic of Bangladesh, Dhaka,
Bangladesh.

Berker TG. 2000. Multiplying seed of pepper lines. In-
ternational cooperator’s guide. Asian Vegetable
Research & Development Center (AVRDC),
Shanhua, Taiwan.

Bhandari HR, Bhanu AN, Srivastava K, Singh MN,
Shreya HA. 2017. Assessment of genetic diver-
sity in crop plants-an overview. Advances in
Plants & Agriculture Research 7:279-286.

Bijalwan P, Singh M, Madhavi N. 2018. Assessment
of genetic divergence in chilli (Capsicum annuum
L.) genotypes. International Journal of Current
Microbiology and Applied Sciences 7:1585-1590.

Bosland, PW and Votava, EJ. 2012. Peppers: veg-
etable and spice capsicums. CABI Internaitonal,
Wallingford, Oxfordshire, England.

Datta S, Jana JC. 2010. Genetic variability, heritability
and correlation in chilli genotypes under Terai
zone of West Bengal. SAARC Journal of Agricul-
ture 8:33-45.

Deepo DM, Sarker A, Akter S, Islam MM, Hasan M,
Zeba N. 2020. Diversity and path analysis of
chilli (Capsicum spp.) based on morphological
traits in Northern Region of Bangladesh. Turkish
Journal of Agriculture - Food Science and Tech-
nology 8:179-185. doi: 10.24925/turjaf.v8i1.179-
185.2829.

Dutonde SN, Bhalekar MN, Patil BT, Kshirsagar DB,
Dhumal SS. 2008. Genetic diversity in chilli (Cap-
sicum annuum L.). Agricultural Science Digest
28:45-47.


http://dx.doi.org/10.3329/bjar.v42i2.32809
http://dx.doi.org/10.3329/bjar.v42i2.32809
http://dx.doi.org/10.24925/turjaf.v8i1.179-185.2829
http://dx.doi.org/10.24925/turjaf.v8i1.179-185.2829

Sharmeen et al.

Gaiero P, Speranza P, de Jong H. 2018. Introgres-
sive hybridization in potato revealed by novel
cytogenetic and genomic technologies. Ameri-
can Journal of Potato Research 95:607-621. doi:
10.1007 /s12230-018-9669-6.

Griffing B. 1956. Concept of general and specific com-
bining ability in relation to diallel crossing sys-
tems. Australian Journal of Biological Sciences
9:463-463.

Haque ML, Ishtiaque S, Islam MM, Rahim MA. 2020.
Evaluation of chilli genotypes for earliness, yield
and other charcters in winter season. Bangladesh
Journal of Agricultural Research 45:335-348.

Herath HMSN, Rafii MY, Ismail SI, Jj N, Ram-
lee SI. 2020. Improvement of important eco-
nomic traits in chilli through heterosis breed-
ing: a review. The Journal of Horticultural
Science and Biotechnology 96:14-23.  doi:
10.1080/14620316.2020.1780162.

Jakhar DS, Singh R, Kamble MS. 2016. Genetic di-
versity studies in chickpea (Cicer arietinum L.) in
Kolhapur region of Maharashtra. Bangladesh
Journal of Botany 45:459-464.

Janaki M, Naidu LN, Ramana CV, Rao MP. 2015. As-
sessment of genetic variability, heritability and
genetic advance for quantitative traits in chilli
(Capsicum annuum L.). The bioscan 10:729-733.

Jarwar AH, Wang X, Igbal MS, Sarfraz Z, Wang L,
Qifeng MA, Shuli F. 2019. Genetic divergence
on the basis of principal component, correlation
and cluster analysis of yield and quality traits
in cotton cultivars. Pakistan Journal of Botany
51:1143-1148. doi: 10.30848/pjb2019-3(38).

Jinks JL, Hayman BI. 1953. The analysis of diallel
crosses. Maize Genetics Cooperation Newsletter
27:48-54.

Karim KMR, Rafii MY, Misran AB, Ismail MFB, Harun
AR, Khan MMH, Chowdhury MFN. 2021. Cur-
rent and prospective strategies in the varietal
improvement of chilli (Capsicum annuum L.) spe-
cially heterosis breeding. Agronomy 11:2217.
doi: 10.3390/agronomy11112217.

Khodadadi M, Fotokian MH, Miransari M. 2011. Ge-
netic diversity of wheat (Triticum aestivum L.)
genotypes based on cluster and principal compo-
nent analyses for breeding strategies. Australian
Journal of Crop Science 5:17-24.

Kumar BM, Mallikarjunaiah H. 2010. Genetic diver-
gence in chilli accessions. Electronic Journal of
Plant Breeding 1:1363-1366.

Fundam Appl Agric 7(4): 327-335, 2022 334

Mishra A, Sahu GS, Mishra PK. 2001. Variability in
fruit characters of chilli (Capsicum annuum L.).
Orissa Journal of Horticulture 29:107-109.

Mishra M, Verma RK, Pandey V, Srivastava A,
Sharma P, Gaur R, Ali A. 2022. Role of di-
versity and recombination in the emergence of
chilli leaf curl virus. Pathogens 11:529. doi:
10.3390/ pathogens11050529.

Mustafa H, Farooq J, Ejaz-Ul-Hasan E, Bibi T, Mah-
mood T. 2015. Cluster and principle compo-
nent analyses of maize accessions under nor-
mal and water stress conditions. Journal of
Agricultural Sciences, Belgrade 60:33—48. doi:
10.2298 /jas1501033m.

Nahak SC, Nandi A, Sahu GS, Tripathy P, Das S,
Mohanty A, Pradhan SR. 2018. Assessment of
genetic diversity in different chilli (Capsicum
annuum L.) genotypes. International Journal
of Current Microbiology and Applied Sciences
7:634-639.

Negi PS, Sharma A. 2019. Genetic diversity of chilli
(Capsicum annuum L.) genotypes. International
Journal of Current Microbiology and Applied
Sciences 8:1820-1828.

Pujar UU. 2017. Analysis of genetic divergence in
chilli (Capsicum annuum L.) genotypes. Inter-
national Journal of Pure & Applied Bioscience
5:503-508.

R Core Team. 2021. R: A Language and Environ-
ment for Statistical Computing. R Foundation
for Statistical Computing: Vienna, Austria. https:
/ /www.R-project.org/.

Sharma VK, Semwal CS, Uniyal SP. 2010. Genetic
variability and character association analysis in
bell pepper (Capsicum annuum L.). Journal of
Horticulture and Forestry 2:58-65.

Sharmin A, Hoque ME, Haque MM, Khatun F. 2018.
Molecular diversity analysis of some chilli (Cap-
sicum spp.) genotypes using SSR markers. Amer-
ican Journal of Plant Sciences 9:368-379.

Sindhusha P, Rawat M. 2020. Genetic variability
and inter-relationship studies among growth,
yield and quality parameters in chilli (Cap-
sicum annuum L.). Journal of Pharmacog-
nosy and Phytochemistry 9:1526-1530. doi:
10.22271/phyto.2020.v9.i6v.13166.

Singh P, Jain PK, Sharma A. 2017. Genetic variability,
heritability and genetic advance in chilli (Cap-
sicum annum L.) genotypes. International Journal
of Current Microbiology and Applied Sciences
6:2704-2709.


http://dx.doi.org/10.1007/s12230-018-9669-6
http://dx.doi.org/10.1007/s12230-018-9669-6
http://dx.doi.org/10.1080/14620316.2020.1780162
http://dx.doi.org/10.1080/14620316.2020.1780162
http://dx.doi.org/10.30848/pjb2019-3(38)
http://dx.doi.org/10.3390/agronomy11112217
http://dx.doi.org/10.3390/pathogens11050529
http://dx.doi.org/10.3390/pathogens11050529
http://dx.doi.org/10.2298/jas1501033m
http://dx.doi.org/10.2298/jas1501033m
https://www.R-project.org/
https://www.R-project.org/
http://dx.doi.org/10.22271/phyto.2020.v9.i6v.13166
http://dx.doi.org/10.22271/phyto.2020.v9.i6v.13166

Sharmeen et al. Fundam Appl Agric 7(4): 327-335, 2022 335

Srinivas B, Thomas B, Gogineni S. 2015. Genetic di-
vergence for yield and its component traits in
chilli (Capsicum frutescens L) accessions of Kerala.
International Journal of Science and Research
4:242-246.

Sutariya DA, Patel KM, Bhadauria HS, Vaghela PO,
Prajapati DV, Parmar SK. 2016. Genetic diver-
sity for quality traits in Indian mustard [Brassica
juncea (L.)]. Journal of Oilseed Brassica 1:44-47.

Taylor SA, Larson EL. 2019. Insights from genomes
into the evolutionary importance and prevalence
of hybridization in nature. Nature Ecolology &

Evolution 3:170-177. doi: 10.1038/541559-018-
0777-y.

Tomooka, N. 1991. Genetic diversity and landraces
differentiation of mungbean (Vigna radiata L.)
Wilczek and evaluation of its wild relatives (The
subgenus Ceratotropics) as breeding materials.
Technical bulletin, Tropical Agriculture Research
Center. Tokyo, Japan No. 28. Ministry of Agri-
culture, Forestry and Fisheries. Japan.

Wang D, Bosland PW. 2006. The genes of Capsicum.
HortScience 41:1169-1187.

’

eNoEl

(© 2022 by the author(s). This work is
licensed under a Creative Commons.
Attribution-NonCommercial 4.0

International (CC BY-NC 4.0) License

The Official Journal of the
Farm to Fork Foundation
ISSN: 2518-2021 (print)

ISSN: 2415-4474 (electronic)
http:/ /www.f2ffoundation.org/faa



https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://www.f2ffoundation.org/faa
http://dx.doi.org/10.1038/s41559-018-0777-y
http://dx.doi.org/10.1038/s41559-018-0777-y

	Introduction
	Materials and Methods
	Study location
	Materials and experimental design
	Data recording
	Data analyses

	Results and Discussion
	Conclusion

