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ABSTRACT
	Aims: The aim of this study is to assess phenotypic variation and genetic diversity among 21 okra hybrids derived from a 7×7 half-diallel design. By evaluating key traits and calculating the Shannon–Weaver Diversity Index (H’), the work identifies superior hybrids and supports selection of promising parental lines for okra improvement.
Study design: The study used a Randomized Block Design with 3 replications.
Place and Duration of Study: The existing experiment was worked out at Teaching Farm, College of Agriculture under BCKV, Burdwan Sadar during Rainy season, 2022.
Methodology: Key morphological traits were recorded following standard descriptors. Phenotypic characterization was performed using trait-wise observations. Genetic diversity among hybrids was quantified using the Shannon–Weaver Diversity Index (H’). Data were analyzed statistically to determine variability for phenotypic traits. 
Results: In the study of 21 F1 hybrids and check (NBH-45) H’ with an overall mean of 0.364 was obtained, H’ value varied from 0 to 0.916. The character fruit length at tender marketable stage showed maximum diversity (0.916) followed by fruit shape of the apex (0.859), fruit pubescence (0.819), and fruit surface between ridges (0.676). seed colour, stem colour, vein colour, fruit locule number, fruit length (at physiological mature stage) and serration of margin of leaf blade did not show any diversity among the 22 hybrids studied. 
Conclusion: The study revealed moderate overall diversity (H’ = 0.364) among the 22 okra genotypes. Highest variability occurred in fruit-related traits, especially tender fruit length and apex shape, indicating their usefulness for selection. Several traits showed no diversity, suggesting genetic uniformity. These findings support targeted trait-based selection in okra improvement programs.
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1. INTRODUCTION 

Okra (Abelmoschus esculentus L. Moench) is an economically important vegetable crop widely cultivated in tropical and subtropical regions (Benchasri, 2012). It is valued not only for its tender fruits used as a vegetable, but also for its nutritional richness, containing dietary fibre, vitamins, minerals, and bioactive compounds (Dantas et al., 2021). Improving okra productivity and quality requires a clear understanding of the genetic diversity and phenotypic variability present within breeding materials (Mohammed Abdela, 2020). Phenotypic characterization remains a vital step in crop improvement, as it provides insight into observable trait variation, helps identify superior genotypes, and supports the development of high-yielding and stable hybrids (Maruthi et al., 2025). The diallel mating design is one of the most powerful breeding approaches for assessing the genetic potential of parents and their hybrid combinations (Muthoni and Shimelis, 2020). A 7×7 half-diallel design allows evaluation of general and specific combining abilities, while creating a diverse set of F1 hybrids for effective comparison (Ahmed and Adam, 2014). The 21 hybrids generated through this design serve as an ideal population to study trait expression, variability, and potential for selection. To quantify diversity more precisely, the Shannon–Weaver Diversity Index (H’) is widely used, as it measures the degree of phenotypic variation within a set of genotypes (Mengistu et al., 2015). Applying H’ to morphological descriptors provides a comprehensive assessment of diversity across traits such as fruit characteristics, pigmentation, and plant architecture. 

2. material and methods 

The current study was conducted during rainy season, 2022 at the Teaching Farm, College of Agriculture under BCKV, Burdwan Sadar, to investigate the phenotypic variation and genetic diversity among 21 okra hybrids derived from a 7×7 half-diallel design. A total of 15 qualitative traits were recorded in 21 okra F1 hybrids to assess existing diversity, following the minimal descriptors of NBPGR (2011) presented in Table 1. These included leaf traits (depth, margin serration), stem and vein colour, flower petal characteristics, various fruit attributes, and seed colour. All observations were taken 45 days after sowing.
The Shannon–Weaver Diversity Index (Shannon, 1948) is a commonly applied measure of diversity that accounts for both the richness and uniformity of traits or species within a population. It provides a comprehensive assessment of how many types are present and how evenly they are distributed. The formula for calculating this index is given below. Shannon Diversity (H)= ; where the p is the proportion (n/N) of individuals of one particular species found (n) divided by the total number of individuals found (N), ln is the natural log, Σ is the sum of the calculations, and ‘s’ is the number of species. 

Table 1. Okra Descriptors (as per DUS guidelines)

	Characteristics
	States 
	Type of assessment 

	Depth of lobing of the Leaf blade
	Shallow (S)
	VG

	
	Medium (M)
	

	
	Deep (D)
	

	Colour of the stem 
	Light green (LG)
	VG

	
	Green (G)
	

	
	Light red (LR)
	

	
	Red (R)
	

	
	Purple (P)
	

	Serration of margin of leaf blade 
	Plane 
	VS

	
	Serrated 
	

	Vein colour 
	Light green (LG)
	VG

	
	Green (G)
	

	
	Light red (LR)
	

	
	Red (R)
	

	
	Purple (P)
	

	Flower petal colour
	Yellow (Y)
	VG

	
	Light yellow (LY)
	

	
	Whitish (W)
	

	Petal base colour 
	Inside (IS)
	VG

	
	Both side (BS)
	

	Fruit pubescence
	Absent 
	VG

	
	Weak
	

	
	Medium 
	

	
	Strong 
	

	Fruit surface between ridges
	Concave
	VG

	
	Flat
	

	
	Convex
	

	Fruit constriction of basal part
	Absent 
	VG

	
	Weak
	

	
	Strong
	

	Fruit shape of the apex 
	Narrow acute (NA)
	VG

	
	Acute (A)
	

	
	Blunt (B)
	

	Fruit number of locules
	<6
	MS

	
	7-8
	

	
	>8
	

	Fruit colour 
	Light green (LG)
	VG

	
	Green (G)
	

	
	Light red (LR)
	

	
	Red (R)
	

	
	Purple (P)
	

	Fruit length (at marketable stage) 
	Small 
	MS

	
	Medium
	

	
	Long
	

	Fruit length (at physiological mature stage)
	Small 
	MS

	
	Medium
	

	
	Long
	

	Seed colour 
	Green 
	VG

	
	Black 
	


VG: Visual assessment by a single observation of a group of plants or parts of plants
MS: Measurement of a number of individual part or parts of plants

2.1 Experimental Soil
The experimental field soil ranged from sandy loam to loam, with neutral pH, medium fertility, and good water-holding capacity. The crop was cultivated under irrigated conditions.

3. results and discussion

In the study of 21 F1 hybrids and check (NBH-45) H’ with an overall mean of 0.364 was obtained, H’ value varied from 0 to 0.916. The character fruit length at tender marketable stage showed maximum diversity (0.916) followed by fruit shape of the apex (0.859), fruit pubescence (0.819), and fruit surface between ridges (0.676). seed colour, stem colour, vein colour, fruit locule number, fruit length (at physiological mature stage) and serration of margin of leaf blade did not show any diversity among the 22 hybrids studied. The morphological descriptors and frequency distribution of various morphological traits were shown in the tables 2, 2a, and 3.

Table 2. Morphological characterization of 21 bhindi F1 hybris based on qualitative traits
	Genotype 
	Stem colour 
	Depth of lobing in leaf 
	Serration of margin of the leaf blade 
	Vein colour 
	Flower petal colour 
	Petal base colour of the flower

	Punjab-8 x Hissar Unnat
	LG
	D
	Serrated
	LG
	Y
	IS

	Punjab-8 x Hoshiarpur Local
	LG
	M
	Serrated
	LG
	LY
	BS

	Punjab-8 x Anima
	LG
	M
	Serrated
	LG
	LY
	BS

	Punjab-8 x Green gold
	LG
	M
	Serrated
	LG
	Y
	BS

	Punjab-8 x Ajeet 121
	LG
	M
	Serrated
	LG
	LY
	BS

	Punjab-8 x AKO 107
	LG
	D
	Serrated
	LG
	Y
	BS

	Hissar Unnat x Hoshiarpur Local
	LG
	M
	Serrated
	LG
	LY
	BS

	Hissar Unnat x Anima
	LG
	M
	Serrated
	LG
	LY
	BS

	Hissar Unnat x Green gold
	LG
	M
	Serrated
	LG
	Y
	BS

	Hissar Unnat x Ajeet 121
	LG
	M
	Serrated
	LG
	LY
	BS

	Hissar Unnat x AKO 107
	LG
	M
	Serrated
	LG
	Y
	BS

	Hoshiarpur Local x Anima
	LG
	M
	Serrated
	LG
	LY
	BS

	Hoshiarpur Local x Green gold
	LG
	M
	Serrated
	LG
	LY
	BS

	Hoshiarpur Local x Ajeet 121
	LG
	M
	Serrated
	LG
	LY
	BS

	Hoshiarpur Local x AKO 107
	LG
	M
	Serrated
	LG
	LY
	BS

	Anima x Green gold
	LG
	M
	Serrated
	LG
	LY
	BS

	Anima x Ajeet 121
	LG
	M
	Serrated
	LG
	LY
	BS

	Anima x AKO 107
	LG
	M
	Serrated
	LG
	LY
	BS

	Green gold x Ajeet 121
	LG
	M
	Serrated
	LG
	LY
	BS

	Green gold x AKO 107
	LG
	M
	Serrated
	LG
	Y
	BS

	Ajeet 121 x AKO 107
	LG
	M
	Serrated
	LG
	LY
	BS

	Check
	LG
	D
	Serrated
	LG
	LY
	BS









Table 2a. Morphological characterization of 21 bhindi F1 hybris based on qualitative traits
	Genotype
	Fruit: Pubescence
	Number of locules in fruit
	Fruit colour
	Fruit surface between ridges
	Fruit: Shape of apex
	Fruit: Constriction of basal part
	Fruit length at marketable mature stage
	Fruit length of physiologically mature fruit
	Seed colour

	Punjab-8 x Hissar Unnat
	Medium
	<6
	G
	Flat
	NA
	Weak
	L
	L
	Green

	Punjab-8 x Hoshiarpur Local
	Medium
	<6
	LG
	Flat
	A
	Absent
	M
	L
	Green

	Punjab-8 x Anima
	Medium
	<6
	LG
	Concave
	A
	Weak
	M
	L
	Green

	Punjab-8 x Green gold
	Weak
	<6
	LG
	Concave
	A
	Weak
	M
	L
	Green

	Punjab-8 x Ajeet 121
	Medium
	<6
	LG
	Concave
	A
	Weak
	L
	L
	Green

	Punjab-8 x AKO 107
	Medium
	<6
	G
	Flat
	NA
	Weak
	M
	L
	Green

	Hissar Unnat x Hoshiarpur Local
	Weak
	<6
	LG
	Concave
	NA
	Weak
	M
	L
	Green

	Hissar Unnat x Anima
	Medium
	<6
	LG
	Flat
	A
	Absent
	M
	L
	Green

	Hissar Unnat x Green gold
	Weak
	<6
	LG
	Flat
	NA
	Weak
	L
	L
	Green

	Hissar Unnat x Ajeet 121
	Medium
	<6
	LG
	Flat
	A
	Weak
	L
	L
	Green

	Hissar Unnat x AKO 107
	Medium
	<6
	LG
	Flat
	A
	Weak
	L
	L
	Green

	Hoshiarpur Local x Anima
	Medium
	<6
	LG
	Concave
	NA
	Strong
	M
	L
	Green

	Hoshiarpur Local x Green gold
	Weak
	<6
	LG
	Flat
	NA
	Weak
	M
	L
	Green

	Hoshiarpur Local x Ajeet 121
	Medium
	<6
	G
	Flat
	A
	Weak
	S
	L
	Green

	Hoshiarpur Local x AKO 107
	Weak
	<6
	G
	Concave
	A
	Weak
	S
	L
	Green

	Anima x Green gold
	Medium
	<6
	LG
	Concave
	B
	Weak
	M
	L
	Green

	Anima x Ajeet 121
	Strong
	<6
	LG
	Flat
	A
	Weak
	M
	L
	Green

	Anima x AKO 107
	Medium
	<6
	LG
	Concave
	A
	Weak
	M
	L
	Green

	Green gold x Ajeet 121
	Weak
	<6
	LG
	Flat
	A
	Weak
	L
	L
	Green

	Green gold x AKO 107
	Weak
	<6
	LG
	Flat
	A
	Weak
	M
	L
	Green

	Ajeet 121 x AKO 107
	Medium
	<6
	LG
	Concave
	B
	Weak
	L
	L
	Green

	Check
	Weak
	<6
	G
	Flat
	A
	Weak
	L
	L
	Green




Table 3. Frequency distribution for various qualitative traits in 21 F1 hybrids and check hybrid
	Characteristics
	Specification
	No. of genotypes
	Percentage of genotypes (%)
	H’-index 

	Depth of lobing of the Leaf blade
	Shallow (S)
	0
	0.00
	0.398

	
	Medium (M)
	19
	86.36
	

	
	Deep (D)
	3
	13.64
	

	Colour of the stem
	Light green (LG)
	22
	100.00
	0

	
	Green (G)
	0
	0.00
	

	
	Light red (LR)
	0
	0.00
	

	
	Red (R)
	0
	0.00
	

	
	Purple (P)
	0
	0.00
	

	Serration of margin of leaf blade
	Plane 
	0
	0.00
	0

	
	Serrated 
	22
	100.00
	

	Vein colour
	Light green (LG)
	22
	100.00
	0

	
	Green (G)
	0
	0.00
	

	
	Light red (LR)
	0
	0.00
	

	
	Red (R)
	0
	0.00
	

	
	Purple (P)
	0
	0.00
	

	Flower petal colour
	Yellow (Y)
	6
	27.27
	0.585

	
	Light yellow (LY)
	16
	72.73
	

	
	Whitish (W)
	0
	0.00
	

	Petal base colour
	Inside (IS)
	1
	4.55
	0.184

	
	Both side (BS)
	21
	95.45
	

	Fruit pubescence
	Absent 
	0
	0.00
	0.819

	
	Weak
	8
	36.36
	

	
	Medium 
	13
	59.09
	

	
	Strong 
	1
	4.55
	

	Fruit surface between ridges
	Concave
	9
	40.91
	0.676

	
	Flat
	13
	59.09
	

	
	Convex
	0
	0.00
	

	Fruit constriction of basal part
	Absent 
	2
	9.09
	0.485

	
	Weak
	19
	86.36
	

	
	Strong
	1
	4.55
	

	Fruit shape of the apex
	Narrow acute (NA)
	6
	27.27
	0.859

	
	Acute (A)
	14
	63.64
	

	
	Blunt (B)
	2
	9.09
	

	Fruit number of locules
	<6
	22
	100.00
	0

	
	7-8
	0
	0.00
	

	
	>8
	0
	0.00
	

	Fruit colour
	Light green (LG)
	17
	77.27
	0.535

	
	Green (G)
	5
	22.73
	

	
	Light red (LR)
	0
	0.00
	

	
	Red (R)
	0
	0.00
	

	
	Purple (P)
	0
	0.00
	

	Fruit length (at marketable stage)
	Small 
	2
	9.09
	0.916

	
	Medium
	12
	54.55
	

	
	Long
	8
	36.36
	

	Fruit length (at physiological mature stage)
	Small 
	0
	0.00
	0

	
	Medium
	0
	0.00
	

	
	Long
	22
	100.00
	

	Seed colour
	Green 
	22
	100.00
	0

	
	Black 
	0
	0.00
	

	                                                             Overall mean of H’
	0.364



The assessment of morphological diversity using the Shannon–Weaver diversity index (H’) for 21 okra F₁ hybrids along with the check variety NBH-45 revealed considerable variability among several qualitative and quantitative characters. The overall mean H’ value of 0.364 indicates moderate phenotypic diversity in the evaluated genetic material. The wide range of H’ values from 0 to 0.916 further confirms that certain traits exhibited broad diversity while others remained uniform across the hybrids.

Among all the traits evaluated, fruit length at the tender marketable stage recorded the maximum H’ value of 0.916, demonstrating that this trait is highly polymorphic in the studied hybrids. Since fruit length is one of the major commercial attributes influencing market preference and consumer acceptance, this diversity offers a significant opportunity for breeders to select hybrids best suited for different market demands. The high diversity in tender fruit length may also reflect diverse genetic contributions of parental lines and the influence of heterosis on fruit development.

Fruit shape of the apex (H’ = 0.859) showed the second highest diversity, indicating that morphological variation exists in pod tip structure among hybrids. This trait not only affects overall fruit appearance but may also influence packaging and handling qualities. The high phenotypic heterogeneity for fruit pubescence (H’ = 0.819) demonstrates noticeable variation in hairiness, which contributes to marketable quality and consumer preference while also influencing pest susceptibility.

Fruit surface between ridges recorded an H’ value of 0.676, suggesting appreciable but comparatively moderate variation among the hybrids. Variation in surface smoothness and ridge prominence often affects shelf life, post-harvest handling, and resistance to environmental stress. These top-ranked traits with high Shannon–Weaver diversity suggest strong potential for selection in developing hybrids with superior fruit quality attributes. In contrast, several traits including seed colour, stem colour, vein colour, fruit locule number, fruit length at physiological maturity, and serration of margin of the leaf blade exhibited zero diversity among the hybrids evaluated. These traits being monomorphic may be attributed to strong genetic fixation or the use of parents sharing common alleles controlling these traits. It is also possible that selection pressure in earlier breeding stages led to the elimination of less desirable phenotypes, resulting in trait uniformity. Despite their lack of diversity, uniform expression of such traits is beneficial for cultivar stability and helps maintain distinctiveness in DUS testing.

Overall, the diversity index analysis highlights that fruit-related traits, particularly those influencing consumer preference and yield potential, exhibited greater variability than vegetative or anatomical characteristics. The moderate mean diversity level suggests that while useful genetic variability exists, additional introgression of diverse parental lines could further enrich the breeding pool. The findings indicate that the selected hybrids show potential for commercial exploitation—especially those with desirable fruit length, appearance, and surface quality. Simultaneously, traits with zero diversity should be monitored for stability across environments to ensure long-term varietal performance.
Thus, the observed phenotypic diversity provides a strong foundation for targeted breeding strategies, enabling improvement in yield, fruit quality, and market adaptability of okra hybrids.

Phenotypic characterisation information is critical for recognizing distinguishing characteristics across genotypes. This enables plant breeders to select appropriate genotypes with distinct characteristics for crop development projects (Chavan et al., 2018). The description of genetic resources enables accessions to be selected, categorized, or differentiated according to their traits. Qualitative character description provides insights into genetic diversity, allowing for agricultural development, the use of plant genetic resources, and conservation (Reddy et al., 2023).

The range of the (H') is 0 to 4.6. A rating close to 4.6 indicated that the number of individuals was evenly distributed across the different genotypes, but a score around 0 indicated that all genotypes in the population were the same. An unequal frequency class and a lack of diversity for the parameters are indicated by a low (H'). A high H' value indicates that the characteristic is varied or diverse, according to Hennink and Zeven (1991). Values below the general mean imply an unbalanced frequency class and a lack of variation for the characteristics. Roy (2022) also investigated the (H’) and they observed highly divergent qualitative parameters in bhindi genotypes. 

4. CONCLUSION 

The phenotypic characterization and diversity analysis of 21 okra hybrids developed through a 7×7 half-diallel mating design provided valuable insights into the extent of morphological variation present among the hybrids. The Shannon–Weaver Diversity Index (H’) effectively quantified trait-wise diversity, highlighting considerable variation in key fruit traits such as tender fruit length, fruit apex shape, pubescence, and fruit surface features. These traits demonstrated strong potential for selection and improvement, indicating their importance in distinguishing hybrids and enhancing crop performance. Conversely, certain traits like seed colour, stem colour, vein colour, fruit locule number, and mature fruit length showed no diversity, suggesting genetic uniformity or stability within the hybrid set. Overall, the study confirmed that the diallel-derived hybrids possess a moderate level of phenotypic diversity, with specific traits contributing significantly to genetic differentiation. These findings serve as a useful foundation for breeders in selecting superior hybrids, refining breeding strategies, and advancing okra improvement programs.
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