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Abstract 

 

An experiment comprising twenty genotypes of chili was conducted at the experimental field of Sher-

e-Bangla Agricultural University for assessing the genetic diversity to screen out the suitable parents 

for hybridization program. The genotypes were investigated for nine yield and yield contributing 

characters. Significant variation was recorded among all the genotypes for all the studied characters. 

Considering Mahalanobis’s D
2
-statistic the genotypes were distributed into five clusters. Among them 

Cluster I was the largest and containing seven genotypes followed by cluster III and V with five 

genotypes and cluster II with only one genotype. The maximum inter-cluster distance was counted 

between cluster II and V (16.59). The intra cluster distance was highest (11.25) in cluster IV. The 

minimum inter-cluster distance was recorded between cluster III and V (10.50). Cluster mean indicated 

that cluster I was important for the character number of fruits per plant (69.70). Cluster II was 

important for fruit length (6.11cm), Individual fruit weight (2.91g) and most important character yield 

per plant (196.24g). Cluster V was important for days to first flowering (49.42, DAS), and flowering to 

fruiting (18.20 days)). The superior genotype (G3, IAH-94) fallen in cluster II  was shown best results 

on important character fruit length (cm), individual fruit weight (g), yield per plant (g). By considering 

group distance and mean performance the inter genotypic crosses between cluster II and cluster V, 

cluster I and cluster II, cluster II and cluster III and cluster I and cluster IV may be effective in future 

hybridization program for the improvement of chili. 
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1. Introduction 

 

Chili (Capsicum spp.) known as universal spice 

and having various utilities as a vegetable, 

condiment, culinary purpose, ornamental plant 

and having medicinal properties due to rich 

source of various phytochemicals and other 

compounds (Maurya et al., 2016). Chili has high 

demand among the consumers due to its 

diversified use. It is rich in vitamin A, C and E 

also contains capsaicin (8- methyl-N-vanillyl-6 

nonenamide), a lipophilic chemical that is 

responsible for pungent taste. Medically, extract 

from chili is used to produce pain relief products 

(Berke and Shieh, 2001). Among spices and 

condiments, chili is the central and most 

extensively grown spices crop and widely 

cultivated in all parts of Bangladesh in both 

summer and winter season. It is one of the most 

important ingredients used in culinary preparation 

in Bangladesh. It is widely cultivated in Cumilla, 

Noakhali, Faridpur, Barisal, Patuakhali and 

Bogra. About 103381.49 ha of land of 

Bangladesh is under chili cultivation in both Rabi 
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(winter season) and Kharif (spring and summer 

season), the production is about 136,872 metric 

tons (BBS, 2017). In Bangladesh, the harvest 

price of chili is about 56100 Taka per M. tons 

(BBS, 2017). Due to the low yield its annual 

production cannot meet the total requirement of 

the country. The major constraints are 

unavailability of suitable cultivars, biotic and 

abiotic stresses such as severe incidence of insect 

pests (thrips, mites and borers), diseases 

(anthracnose, leaf spots and viral diseases) and 

drought or flood. For the purpose of intensive 

cultivation and increased production of chili, 

improved varieties or lines with desirable traits 

need to be identified. To develop new high 

yielding cultivar, it is necessary to identify the 

best germplasm. The best genotype could be used 

in hybridization program and the new variety 

which will be developed may show better yield 

than previous one. In the variety development 

program genetic diversity is most important and 

useful element to choose efficient parents. The 

information on the nature and degree of genetic 

divergence is essential for the breeder to choose 

genetically diverse parents for purposeful 

hybridization in heterosis breeding (Farhad et al., 

2010; Khodadabi et al., 2011). By considering the 

above statement, the study was undertaken to 

assessing the genetic diversity of yield and yield 

contributing characters and to select the superior 

genotypes of chili by comparing the earliness and 

yield potential. 

 

2. Materials and Methods 

 

The experimental plot located at the Sher-e-

Bangla Agricultural University and twenty 

genotypes of chili were used as experimental 

material mention in Table 1. Experimental 

material was collected from Plant Genetic 

Resources Centre (PGRC) of Bangladesh 

Agricultural Research Institute (BARI), Gazipur. 

Randomized Complete Block Design (RCBD) 

with three replications was followed for the 

experiment. Intercultural operations were done 

as and when necessary. Earthing up was done at 

20 and 40 days after transplanting and stalking 

was done to protect the plant from wind and to 

support it when fruiting. First harvesting was 

done at 85 DAT and continued for the following 

75 days with an interval of 15 days. Matured 

chilies were picked by hand during harvesting 

and were kept separately and labelled carefully. 

Nine important characters were taken into 

consideration to find out genetic diversity and 

inter relationships. Five plants from the middle 

of the rows of each genotype were randomly 

selected and tagged in each replication for 

recording data on the following characters: i. 

Plant height (cm), ii. Days to first flowering, iii. 

Flowering to fruiting period (days), iv. Number 

of primary branches, v. Fruit length (cm), vi. 

Individual fruit weight (g), vii. Number of fruit 

per plant, viii. 1000 seed weight (g) and ix. Yield 

per plant (g). Mean data for each character was 

subjected to multivariate analysis methods viz, 

principal component analysis (PCA), principal 

coordinate analysis (PCO), canonical variate 

analysis (CVA) and cluster analysis (CLSA) 

using GENSTAT program. 

 

3.  Results and Discussion 

 

The present investigation was performed with a 

view to determine the diversity among the chili 

germplasm and make a decision which 

genotypes will be used as parent for the 

development of improved chili variety. The data 

were statistically analyses and thus obtained 

results are described below under the following 

heads: 

Eigen values and percent of variation gained in 

respect of nine component characters in 20 

genotypes of chili (Table 2) by using principal 

component analysis (PCA) presented in Table 2. 

From the table it was observed that first four 

principal components jointly responsible for 

90.18% of the total variation among the 

genotypes and also showed eigen value above 

the unity. On the other hand the first two 

principal axes responsible for 66.56% of the total 

variation among the nine characters of the total 

genotypes. Thul et al. (2009) and Farhad et al. 

(2010) utilized the principal component analysis 

in genetic divergence studies in chili and 

observed the similar result. 
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Table 1. List of twenty germplasm of chili which was used in the field experiment  

 

Sl No.     Genotypes (code) Accession name Source of collection 

1 G1 IAH-84 

Bangladesh Agricultural 

Research Institute (BARI) 

2 G2 IAH-82 

3 G3 IAH-94 

4 G4 IAH-98 

5 G5 IAH-80 

6 G6  IAH-107 

7 G7 IAH-89 

8 G8 IAH-77 

9 G9 IAH-92 

10 G10 IAH-32 

11 G11 AC-128 

12 G12 AC-165 

13 G13 IAH-56 

14 G14 AC-333 

15 G15 AC-113 

16 G16 AC-57 

17 G17 AC-08 

18 G18 AC-163 

19 G19 IAH-43 

20 G20 IAH-74 

 

 

Table 2. Eigen values and yield percent contribution of nine characters of 20 chili germplasms 

 

Principal component axes 

(PC) 

Eigen values 

(Ei) 

Percent variation Cumulative % of 

percent variation 

PC-I 2.5       6 48.44 48.44 

PC-II 1.6       2 18.12 66.56 

PC-III 1.3       5 12.95 79.51 

PC-IV 1.1       6 10.67 90.18 

PC-V 0.9       2 4.25 94.43 

PC-VI 0.5       5 2.17 96.6 

PC-VII 0.4       3 1.93 98.53 

PC-VIII 0.3       3 0.84 99.37 

PC-IX 0.0       8 0.63 100.00 

 

 

Non-hierarchical clustering using co-variance 

matrix, the 20 chili germplasm were grouped 

into five different clusters (Table 3). Cluster 

analysis showed that cluster I had the highest 

number of (7) genotypes followed by V and III 

both had 5 genotypes and cluster II had only 1 

genotype. The genotypes namely G1, G2, G5, 

G7, G9, G12 and G16 was formed Cluster I. 

Shashikanth et al. (2010) reported ten clusters, 

Mahesha et al. (2006) reported nine clusters, 

Sharma and Verma (2001) reported five clusters 

in chili. The genotypes were distributed into five 

different clusters that reveal the presence of wide 

range of genetic diversity and offering the 

opportunity to select desired genotypes as 

superior parents. 
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Table 3. Distribution of 20 chili germplasm into different clusters 

 

Cluster 

number 

Number of 

genotypes 

Percent 

(%) 
Code of genotypes Accession name 

I 7 35.00 
G1, G2, G5, G7,  

G9, G12 and G16 

IAH-84, IAH-82, IAH-80, IAH-

89, IAH-92, AC-165 and AC-57 

II 1 5.00 G3 IAH-94 

III 5 25.00 
G4, G8, G11, G17  

and G18 

IAH-98, IAH-77, AC-128, AC-

08 and AC-163 

IV 2 10.00 G6 and G20 IAH-107 and IAH-74 

V 5 25.00 
G10, G13, G14, G15  

and G19 

IAH-92, IAH-56, AC-333, AC-

113 and IAH-43 

 

Table 4. Cluster mean for yield and yield related characters in 20 chili germplasm  

 

Characters I II III IV V 

Plant height (cm) 68.92 72.33 74.89 65.17 68.85 

Days to first flowering 58.09 64.67 53.49 64.00 49.42 

Flowering to fruiting period (days) 18.02 17.43 24.93 20.65 18.20 

Number of primary branches  6.54 6.11 7.06 9.34 7.71 

Fruit length (cm) 5.29 6.11 5.17 4.87 5.47 

Individual fruit wait (g) 2.26 2.91 2.06 2.17 1.79 

Number of fruits per plant 69.70 63.44 65.80 69.73 63.76 

1000 seed wait (g) 4.45 2.91 3.63 3.34 3.96 

Yield per plant (g) 160.36 196.24 130.68 144.24 110.69 

 

Table 5. Intra (Bold) and inter cluster distances (D
2
) for 20 chili germplasm  

 

 
I II III IV V 

I 12.36  15.01  12.89  13.74  12.93 

II  0.00  14.01  12.71  16.59 

III    10.18  12.55  10.50 

IV     11.25  13.48 

V      9.48 

 

Cluster mean values (Table 4) indicated that 

number of fruits per plant (69.70) and 1000 seed 

weight (4.45g) ranked first position of the cluster 

I and second position for flowering to fruiting 

period (18.02 days) and individual fruit weight 

(2.26). The most important character flowering 

to fruiting period (17.43 days) was lowest and 

fruit length (6.11cm), individual fruit weight 

(2.91g) and yield per plant (196.24g) were 

highest in cluster II indicated that it was most 

important that composed of only one genotype 

(G3). This indicates that, genotype of cluster II 

would be used as parent in future hybridization 

program for these characters. Highest value was 

recorded for the character number of primary 

branches (9.34) and number of fruits per plant 
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(69.73) in case of cluster IV and that’s why that 

cluster was very much important for future 

breeding program. Days to first flowering 

(49.42) was lowest in cluster V that provide an 

opportunity to gain earliness through future 

breeding program. 

 

To compute the cluster distance (Mahalanobis’s 

D
2
 values) canonical variate analysis was used. 

The values of the intra and inter clusters distance 

(D
2
) are presented in Table 5. The inter-cluster 

distances indicating wider genetic diversity 

present among the genotypes of different groups. 

Results indicated that the highest inter cluster 

distance was observed between cluster II and 

cluster V (16.59) indicating wide genetic 

diversity present among the chili genotypes of 

these two clusters and future breeding program 

would be advisable. The lowest inter-cluster 

distance was observed between the cluster III 

and Cluster IV (10.50) indicating the genotypes 

of these two clusters were genetically closed to 

each other (Table 5) and future breeding 

program between these two clusters would not 

be effective. The Inter-cluster distances were 

larger than the intra-cluster distances indicating 

wider genetic diversity among the genotypes of 

different groups thus crosses can be made 

between genotypes of these clusters to obtain 

heterotic hybrids and desirable sergeants. These 

relations were also reflected in the scatter 

diagram (Figure 1). Yatung et al (2014) studied 

genetic diversity in 30 chilies and reported the 

highest (459.81) inter cluster distance between 

cluster II and IV and the lowest (36.04) between 

cluster I and IV. Cluster III (D
2
 = 67.66) have 

exhibited highest intra cluster distance and the 

lowest was observed in cluster II (D
2
 =11.19). 

However, Matin et al. (2016) screened out 

suitable parents for hybridization program. They 

found the maximum inter-cluster distance 

between cluster II and V (532.214) and the 

minimum inter-cluster distance was obtained 

between the cluster I and IV (91.948). Scatter 

distribution of 20 chili varieties based on their 

principal component scores were presented in 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

 

 

 

 

 

 

 

Figure 1. Scatter distribution of 20 chili germplasm based on their principal component scores 

superimposed with clusters 
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Table 6. Relative contributions of the nine characters of 20 chili germplasm to the total divergence 

 

Characters Vector-I Vector-II 

Plant height (cm) 0.00663 -0.88128 

Days to first flowering -0.00506 -0.12820 

Flowering to fruiting period (days) -0.00056 -0.15839 

Number of primary branches -0.02010 -0.05491 

Fruit length (cm) -0.00126 -0.00075 

Individual fruit wait (g) -0.01178 -0.00427 

Number of fruits per plant -0.99935 0.00615 

1000 seed wait (g) -0.00072 0.00407 

Yield per plant (g) 0.02536 0.42278 

 

Relative contribution of individual characters 

towards divergence was measured through 

vectors (vector I and II) for different quantitative 

traits. The important character fruit yield per 

plant was positive for both vectors (0.02536 and 

0.42278 respectively) indicating this trait 

contributes maximum towards divergence. On 

the other hands flowering to fruiting period (-

0.00056 and -0.15839) showed maximum 

negative value for both latent vectors, following 

days to first flowering (-0.00506 and -0.12820), 

number of primary branches (-0.02010 and -

0.05491), individual fruit weight (-0.01178 and -

0.00427) and fruit length (-0.00126 and -

0.00075), indicating less involvement of these 

towards divergence. Plant height (0.00663 and -

0.88128), number of fruits per plant (-0.99935 

and 0.00615) and 1000 seed weight (-0.00072 

and 0.00407) showed moderate contribution 

towards divergence. Srinivas et al. (2013) and 

Hasan et al. (2015) found similar result that was 

maximum contribution of yield per plant towards 

divergence. However, Matin et al. (2016) found 

fruit diameter (16%) contributed maximum to 

the total divergence. 

 

4. Conclusions  

 

The present investigation was carried out to 

estimate genetic diversity and to select a set of 

genotypes which genotypes would be suggested 

as variety and which would be used as parental 

genotypes in future breeding program to obtain 

better yield and quality of chili. Genetically 

distant parents are able to give high heterosis in 

breeding program. By considering group 

distance and mean performance the inter 

genotypic crosses between cluster II and cluster 

V, cluster I and cluster II, cluster II and cluster 

III and cluster I and cluster IV may be effective 

in future hybridization program for the 

improvement of chili. The superior genotype 

(G3, IAH-94) fallen in cluster II was shown best 

results on important character fruit length (cm), 

individual fruit weight (g), yield per plant (g). 

Genotypes G2 (IAH-82) showed best 

performance on number of fruits per plant and 

yield per plant (g). Days to first flowering is an 

important character for earliness was minimum 

in case of genotype (G17, AC-08) and (G18, 

AC-163). Hence, these characters and selected 

genotypes should be given prime importance for 

future breeding program to developed early and 

high yielding chili varieties. 
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