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	ABSTRACT	
2In the current investigation, 50 okra genotypes were grouped into 9 clusters by treating estimated D  values as the square of the 

generalized distance. Among the 9 clusters, cluster II had the highest intra-cluster value (74.77) followed by Cluster I (67.14), and 
the highest inter-cluster value was noticed between Cluster VII and IX (167.97) followed by Cluster II and IX (152.31). The 
maximum contribution towards divergence was shown by the characters like PDI of OELCV at 90 DAS (23.53 %), PDI of YVMV at 

st90 DAS (17.22), fruit length (9.27), days to 1  blooming (9.00 %) and the internodal length (7.69 %). The PCA was carried out to 
get a simpli�ied view of the relationship between the attributes. From the PCA plot of PC  vs. PC  (Dim  vs Dim ), selection may be 1 2 1 2

re�ined considering all 8 principal components, with Punjab 8 being the best-performing cultivar having an optimum 
combination of all variables including OELCV and BYVMV disease tolerance. Seven diverse genotypes were selected based on 
yield potentiality, disease tolerance, multivariate analysis, and PCA.

Keywords:	Okra,	characters,	cluster,	divergence,	genotypes,	principal	component	analysis.

Introduction
Okra (Abelmoschus	esculentus (L.) Moench) is a member of the 
Malvaceae family and earlier was referred to as Hibiscus	
esculentus (L.) [1]. It is also known as Lady's Finger, Okura, Okro, 
Bhindi, Gumbo Okra, and Quiabos in different countries [2]. As a 
vegetable, immature okra fruit can be utilized in soups, salads, 
and stews, dried or fresh, boiled or fried [3]. In India, the area 
under okra cultivation is around 5.28 million ha with a 
production of 61.46 million tons [4]. Okra has a high export 
potential among fresh vegetables, making it a valuable source of 
earnings [5].
The creation of new cultivars that ful�ill the evolving demands 
for adjusting to varying growing conditions, resistance to 
abiotic and biotic stresses, yield of product, and speci�ic quality 
criteria is unattainable for plant breeders in the absence of a 
diverse genetic pool consisting of heterogeneous plant material 
[6]. Hence, the presence of genetic diversity is an essential need 
for the ef�icacy of any improvement scheme [7]. Genetic 
diversity may appear employing natural processes within the 
gene pool or be intentionally generated through various 
arti�icial methods [8]. 
The successful creation of commercial hybrids emphasizes the 
signi�icance of genetic divergence as an essential factor in 
choosing appropriate genotypes for hybridization programs in 
the context of genetic diversity in okra [9].

Materials	and	Methods
The current investigation was carried out at the Teaching Farm, 
College of Agriculture, Burdwan during the spring summer, and 
kharif seasons, in 2021. The experimental material consisted of 
50 okra genotypes that were collected from various sources in 
India. All 50 genotypes were grown in Randomized Block Design 
with three replications. Observations on 17 quantitative traits 
were noticed on ten randomly selected plants in each treatment 
for each genotype. Standard cultural practices will be followed 
as per [10]. The average values of 17 quantitative traits (average 
of two seasons) were subjected to statistical analysis. 

2Divergence was analyzed by using D  statistics [11], and the 
genotypes were grouped into clusters by Tocher's method given 
by [12].
Applying principal component analysis (PCA) to determine the 
factor dimension of the data, varietal information was simpli�ied 
into a smaller number of factors to choose the genotypes that 
performed the best [13]. The current study sought to �ind 
distinct genotypes for use in breeding programs by examining 
the kind and extent of genetic diversity employing 17 important 
quantitative traits among 50 okra genotypes.

Results	and	Discussion	
Based on divergence determination, all 50 genotypes were 
grouped into 9 clusters (Table 1). Cluster I was the largest 
having 26 genotypes followed by Cluster II with 10 genotypes 
and Cluster III having 5 genotypes. Cluster IV with 3 genotypes, 
Cluster V with 2 genotypes, and Cluster VI, VII, VIII, and IX have 
monotypic genotypes each. The genotype grouping pattern was 
found to be random, demonstrating that there is no direct 
association between geographical distribution and genetic 
distance.
The lack of relationship between genetic diversity and 
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which explained almost 100% contribution towards 
divergence, and variable loadings for components PC  (PDI of 1

stOELCV at 90 DAS), PC  (PDI of BYVMV at 90 DAS), PC  (days to 1  2 3

�lowering), PC  (internodal length), PC  (fruit length), PC  (fruit 4 5 6

yield per plant), PC  (no. of primary branches per plant) and PC  7 8

(days to 50 % �lowering) were estimated (Table 5). These 
components were chosen because they explained almost 
100.00 % of the total variance. The eigenvalues were more than 
1.0 for the �irst 3 components.
The �irst component (PC ) explained 36.40 % of the total 1

accounted for variance in which a decrease of OELCV disease 
severity leads to an increase in fruit yield/plant, fruit length, 
primary branches number, and a decrease of BYVMV disease 
severity and days to �irst �lowering. The second component 
(PC ) explained an additional 23.16 % of the variance in which a 2

decrease in BYVMV disease severity associated with increased 
stdays to 1  blooming, days to 50 % blooming, OELCV disease 

severity, fruit yield per plant, internodal length, primary 
branches number, and fruit length. The third component (PC ) 3

explained an additional 17.38 % of the variance in which an 
stincrease in days to 1  �lowering leads to a decrease of OELCV 

disease severity, fruit yield per plant, and fruit length is also 
associated with increased YVMV disease severity, days to 50 % 
�lowering, primary branches count and internodal length. The 
fourth component (PC ) explained an additional 8.85 % of the 4

variance in which a decrease in internodal length leads to an 
increase in fruit length, primary branches count, and fruit yield 
per plant.
The PCA was also utilized to detect correlations among Indian 
okra genotypes and to �ind diverse parents for a hybridization 
scheme (22; 23). There are no de�initive rules for determining 
the signi�icance of a trait coef�icient for each principal 
component. A coef�icient larger than half of the coef�icient 
divided by the square root of the standard deviation of the 
eigenvalue of the relevant principal component is considered 
signi�icant by Johnson and Wichern [24]. In PCA, genotypes that 
are near together are regarded as similar; genotypes that are 
farther away are perceived as more divergent.
The differences noticed in the data, and summarized in the PCA 
(�ig. 3), indicated genotypes, Punjab 8, AKO 107, Ajeet 121, 
Greengold, Anima, Hissar unnat, and Hoshiarpur local were 
quantitatively dissimilar from others. The remainder of the 
genotypes had similar features making a separate cluster. From 
the plot of PC1 vs. PC2 (Dim  vs Dim ), selection may be re�ined 1 2

considering all 8 principal components, with 'Punjab 8' being 
the best-performing cultivar having an optimum combination of 
all variables including OELCV and BYVMV disease tolerance, 
followed by genotypes, 'Hissar Unnat', and 'Hoshiarpur local', 
and can be used as improved genetic material for disease 
resistant breeding against OELCV and BYVMV disease.

2Based on D  statistics, principal component analysis, and 
average performance for fruit yield/plant, OELCV and BYVMV 
disease severity traits, seven diverse genotypes, Punjab 8, AKO 
107, Ajeet 121, Greengold, Anima, Hissar Unnat and Hoshiarpur 
local were identi�ied as good candidates for utilization in 
disease resistant breeding against OELCV & BYVMV diseases.

geographical distance implies that forces other than 
geographical origin such as genetic stock exchange, genetic 
drift, spontaneous mutation, and natural and arti�icial selection 
are responsible for genetic diversity [14]. As a result, genotypes 
for hybridization should be chosen based on genetic divergence 
rather than geographic diversity. Many earlier investigations 
also revealed that various sets of bhindi genotypes were 
grouped under 4-10 clusters [15 16; .; 17; 18]
The intra and inter-cluster distances among 50 bhindi 
genotypes are displayed in Table 2. Among the 9 clusters, cluster 
II had the highest intra-cluster value (74.77) followed by cluster 
I (67.14) indicating a prevalence of wide genetic divergence 
among the genotypes as compared to the remaining clusters. 
Clusters VI, VII, VIII, and IX showed the least intra-cluster value 
(0.00). At the inter-cluster level, the highest inter-cluster value 
was noticed between Cluster VII and IX (167.97) followed by 
between Cluster II and IX (152.31) indicating the genotypes 
included in these clusters had a high divergence. The minimum 
inter-cluster value was noticed between Cluster II and VII 
(82.39) which indicated a close relationship among the 
genotypes included in these clusters. Kalloo et	 al. [19] 
recommended that the crosses between selected varieties from 
widely separated clusters were most likely to give ideal 
recombinants.
The top �ive characters (�ig. 2) that contributed most towards 
the genetic divergence (Table-4) were PDI of OELCV at 90 DAS 
(23.53 %) followed by PDI of YVMV at 90 DAS (17.22 %), fruit 

stlength (9.27), days to 1  blooming (9.00 %) and inter nodal 
length (7.69 %). These traits may be utilized in selecting 
genetically diverse parents for hybridization programs to 
exploit either maximize heterosis or to execute ef�icient 
selection in the segregating generation.
The cluster means of 50 genotypes (Table 3) displayed that the 
mean values of the clusters varied in magnitude for all 17 
attributes. Cluster VI had the highest fruit yield/plant followed 
by clusters IV and Cluster V. Cluster VI also displayed the highest 

stplant height, taking a minimum of days to 1  �lowering and days 
to 50 % �lowering. The maximum cluster mean was in cluster VI 
for the number of primary branches/plant, number of 
fruits/plant, number of nodes on main stem/plant, and seed 
number /fruit. The highest cluster mean for fruit diameter was 
recorded by Cluster III followed by Clusters I and II. Cluster II 
showed the highest cluster mean for PDI of BYVMV at 90 DAS 
and Cluster IX for PDI of OELCV at 90 DAS. Genotypes belonging 
to Clusters VI could be regarded as useful sources of genes for 
improving productivity with early maturity that can be �itted 
well in multiple cropping systems.
For crop improvement in Bhindi, intercrossing among 
genotypes with outstanding mean performance was suggested 
by earlier workers [20; 21; 22].

Principal	component	analysis: The PCA was carried out to get 
a simpli�ied view of the relationship between the attributes, PDI 

stof OELCV at 90 DAS, PDI of BYVMV at 90 DAS, days to 1  
�lowering, internodal length, fruit length, fruit yield per plant, 
no. of primary branches per plant and days to 50 % �lowering 
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Table	1:	Cluster	classi�ication	of	the	50	genotypes	of	okra

Table	2:	Intra	and	inter-cluster	distances	of	50	genotypes	of	okra

Bold	diagonal	values	indicate	intra-cluster	distance;	the	remainder	of	values	indicate	the	inter-cluster	distance.

Table	3:	Cluster	means	of	50	genotypes	of	okra	

st stPH: Plant height, NPB: Number of primary branches, DFF: Days to 1  �lowering, D50F: Days to 50 % �lowering, N1stF: Node to 1  
st�lowering, D1H: Days to 1  harvest

NN: Number of nodes/main stem, IL: Internodal length, FL: Fruit length, FD: Fruit diameter, NFs: Number of fruits/plant, FW: Fruit 
weight, FYPP: Fruit yield /plant
NRPF: Number of ridges/fruit, NSPF: Number of seeds/fruit, 1000SW: 1000 seed weight, OELCV90: PDI of OELCV at 90 DAS, 
BYVMV90: PDI of BYVMVV at 90 DAS
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Table	4:	Percentage	contribution	of	each	character	towards	divergence	

st stPH: Plant height, NPB: Number of primary branches, DFF: Days to 1  �lowering, D50F: Days to 50 % �lowering, N1stF: Node to 1  
st�lowering, D1H: Days to 1  harvest, NN: Number of nodes/main stem, IL: Internodal length, FL: Fruit length, FD: Fruit diameter, NFs: 

Number of fruits/plant, FW: Fruit weight, FYPP: Fruit yield /plant, NRPF: Number of ridges/fruit, NSPF: Number of seeds/fruit, 
1000SW: 1000 seed weight, OELCV90: PDI of OELCV at 90 DAS, BYVMV90: PDI of BYVMVV at 90 DAS

Table	5:	Results	of	principal	component	analysis	(PCA)	for	8	quantitative	traits	contributing	to	the	divergence	of	okra

Factor	loadings	due	to	Pcs

stDFF: Days to 1  �lowering, IL: Internodal length, FL: Fruit length, FYPP: Fruit yield /plant, NPB: Number of primary branches, D50F: 
Days to 50 % �lowering 
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	Figure	1:	Wards	minimum	variance	dendrogram

Figure	 2.	 Percentage	 contribution	 of	 each	 trait	 on	 total	
divergence

Figure	3.	Biplot	diagram	factor	scores	 for	the	�irst	and	second	
components	 as	 determined	 by	 principal	 component	 analysis.	
Points	in	the	diagram	closest	to	the	intersection	of	0	on	the	X-	and	
Y-axes	indicate	similarity.	Outliers	on	the	X-axis,	that	is,	33=	AKO	
107,	26	=	Ajeet	121,	36	=	Green	gold,	6	=	Punjab	8,	27	=	Anima,	49=	
Hoshiarpur	 local	 and	 3	 =	 Hissar	 Unnat,	 indicate	 diversity.	
Numbers	correspond	to	the	name	of	the	genotype. 	Figure	4.	PCA	variables	plot

Future	Scope
In this study we have identi�ied	genotypes for YVMV and OELCV 
disease resistance noticed with low incidence values can be 
studied further in hot spot regions to verify their long-term 
viability.
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