


Assessment of Genetic Parameters for Yield Improvement in Okra (Abelmoschus esculentus L. Moench)


Abstract
The present investigation was conducted to assess the extent of genetic variability, heritability, genetic advance, and mean performance among twelve diverse okra (Abelmoschus esculentus L. Moench) genotypes for yield and its contributing traits. The experiment was carried out during the kharif season of 2025 at the Organic Research Farm, Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Bundelkhand University, Jhansi (Uttar Pradesh), India. The experiment was laid out in a Randomized Block Design (RBD) with three replications. Observations were recorded on ten quantitative characters, viz., days to 50% flowering, plant height, number of internodes on the main stem, internode length, number of branches per plant, days to first picking, fruit length, fruit weight, number of fruits per plant, and fruit yield per plant.
Analysis of variance revealed highly significant differences among the genotypes for all the characters studied, indicating the presence of considerable genetic variability. The genotype Phule Utkarsh recorded the highest fruit yield per plant (225.76 g), followed by Kashi Pragati (213.12 g), Pusa Makhmali (209.71 g), and Arka Abhay (207.76 g), whereas Kashi Vibhuti exhibited the lowest fruit yield (107.59 g). High genotypic and phenotypic coefficients of variation were observed for the number of branches per plant (29.42% and 30.19%), followed by the number of internodes on the main stem and fruit yield per plant, indicating substantial variability for these traits. High broad-sense heritability was recorded for the number of branches per plant (95.00%), internode length (93.90%), number of internodes on the main stem (84.10%), number of fruits per plant (79.00%), and plant height (77.10%). The number of branches per plant also exhibited the highest genetic advance as percent of mean (59.23%), followed by the number of internodes on the main stem (30.38%), indicating the predominance of additive gene action and the effectiveness of selection for these traits. The results suggest that Phule Utkarsh, Kashi Pragati, Pusa Makhmali, and Arka Abhay are promising genotypes for yield improvement. Furthermore, the traits number of branches per plant, number of internodes on the main stem, plant height, and number of fruits per plant can be effectively utilized as important selection criteria in okra breeding programmes aimed at developing high-yielding cultivars.
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Introduction
Okra (Abelmoschus esculentus L. Moench), commonly known as lady's finger or bhindi, is one of the most important vegetable crops belonging to the family Malvaceae (APG IV, 2016). It is believed to have originated in Ethiopia and is now widely cultivated in tropical and subtropical regions of the world. Okra is highly valued for its tender green fruits, which are consumed as a vegetable and serve as an important source of vitamins, minerals, dietary fibre, and antioxidants. The fruits are particularly rich in vitamins A, C, K, folic acid, calcium, potassium, and magnesium, while the mucilage present in the fruits possesses medicinal and industrial importance (Gemede et al., 2015). Owing to its short duration, continuous fruiting habit, high market demand, and adaptability to diverse agro-climatic conditions, okra has become an economically important vegetable crop in India.
India is the world's largest producer of okra, contributing more than 60 per cent of global production. According to the Food and Agriculture Organization (FAOSTAT, 2024), India cultivates okra over approximately 0.53 million hectares with an annual production exceeding 6.8 million tonnes. Despite its leading position in production, the productivity of okra varies considerably across different regions due to environmental factors, disease incidence, and the limited availability of high-yielding cultivars adapted to local conditions. Therefore, the identification and utilization of superior genotypes remain essential for enhancing productivity and ensuring sustainable vegetable production.
Genetic variability is the cornerstone of any crop improvement programme because it provides the raw material upon which selection acts (Allard, 1960). The magnitude of genetic variability determines the effectiveness of selection and the scope for developing superior varieties. However, phenotypic expression of quantitative traits is influenced by both genetic constitution and environmental conditions. Consequently, estimation of genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability, and genetic advance provides valuable information regarding the inheritance pattern of economically important traits and assists breeders in formulating efficient selection strategies (Burton and DeVane, 1953; Johnson et al., 1955).
Yield in okra is a complex quantitative trait governed by several interrelated components, including plant height, branching pattern, internode characteristics, fruit length, fruit weight, number of fruits per plant, and earliness. Improvement in fruit yield depends largely on the selection of desirable yield-contributing characters exhibiting substantial genetic variability coupled with high heritability and genetic advance. Traits possessing high heritability together with high genetic advance are generally controlled by additive gene action and can be improved effectively through simple phenotypic selection (Panse and Sukhatme, 1985).
Several researchers have reported considerable genetic variability among okra germplasm for growth, flowering, fruit characters, and yield. Studies by Yonas et al. (2014), Reddy et al. (2013), Das et al. (2012), Mehta et al. (2007), Singh et al. (2014), and Kumar et al. (2016) indicated that variability estimates and genetic parameters are effective tools for identifying promising genotypes and selecting superior breeding materials. High heritability coupled with high genetic advance has frequently been reported for traits such as number of branches per plant, number of fruits per plant, plant height, and fruit yield, suggesting the predominance of additive genetic effects and the effectiveness of direct selection.
Evaluation of diverse germplasm under specific agro-climatic conditions is therefore essential to identify stable, high-yielding, and adaptable genotypes. The Bundelkhand region of Uttar Pradesh is characterized by semi-arid climatic conditions, erratic rainfall, and variable soil fertility, making the identification of suitable okra genotypes particularly important for sustainable vegetable production. Assessment of genetic variability under these conditions provides valuable information for selecting parental lines and developing improved cultivars with enhanced yield potential and wider adaptability.
Keeping these considerations in view, the present investigation was undertaken to evaluate twelve okra genotypes for yield and yield-contributing traits, estimate the extent of genetic variability, heritability, and genetic advance, and identify promising genotypes that can be utilized in future breeding programmes aimed at improving fruit yield under the agro-climatic conditions of Bundelkhand.
Materials and Methods
Experimental Site
The present investigation was conducted during the Kharif season of 2025 at the Research Farm, Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Bundelkhand University, Jhansi, Uttar Pradesh, India. The experimental farm is situated in the Bundelkhand region and experiences a semi-arid climate characterized by hot summers, moderate monsoon rainfall, and cool winters. The soil of the experimental field was sandy loam with good drainage and medium fertility status.
Experimental Material
The experimental material consisted of twelve genetically diverse okra (Abelmoschus esculentus L. Moench) genotypes, namely Phule Utkarsh, Red One Long, Pusa Sawani, Arka Anamika, Arka Abhay, Kashi Kranti, Varsha Upahar, Prabhani Kranti, Kashi Vibhuti, Kashi Pragati, Phule Prajatika, and Pusa Makhmali. The seeds of these genotypes were collected from authenticated sources and evaluated for their growth, yield, and yield-contributing traits.
Experimental Design and Crop Management
The experiment was laid out in a Randomized Block Design (RBD) with three replications. Each genotype was sown in a single plot following the recommended spacing of 45 cm between rows and 30 cm between plants. All recommended agronomic practices, including land preparation, fertilizer application, irrigation, intercultural operations, weed management, and plant protection measures, were followed uniformly for all treatments to ensure a healthy crop and minimize environmental variation.
Observations Recorded
Observations were recorded on five randomly selected competitive plants from each plot in every replication, and the mean values were used for statistical analysis. Data were collected on the following ten quantitative characters:
1. Days to 50% flowering
2. Plant height (cm)
3. Number of internodes on the main stem
4. Length of internodes (cm)
5. Number of branches per plant
6. Days to first picking
7. Fruit length (cm)
8. Fruit weight (g)
9. Number of fruits per plant
10. Fruit yield per plant (g)
Days to 50% flowering were recorded as the number of days from sowing until approximately half of the plants in a plot had flowered. Plant height was measured from the soil surface to the terminal growing point at the final harvest. Fruit length and fruit weight were determined from marketable fruits, while fruit yield per plant was calculated by summing the weight of all marketable fruits harvested from an individual plant.
Statistical Analysis
The recorded data were subjected to analysis of variance (ANOVA) appropriate for the Randomized Block Design to determine the significance of differences among genotypes following the procedure described by Panse and Sukhatme. Estimates of genotypic variance (σ²g) and phenotypic variance (σ²p) were computed from the mean squares obtained from ANOVA. Genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were estimated according to the method of Burton and DeVane (1953). Broad-sense heritability (H²b) was calculated following Burton and DeVane (1953), while genetic advance (GA) and genetic advance as percentage of mean (GAM) were estimated using the procedure proposed by Johnson et al. (1955). These genetic parameters were used to assess the magnitude of variability and to identify characters amenable to effective selection in the breeding programme.
Results and Discussion
4.1 Analysis of Variance (ANOVA)
The analysis of variance (Table 1) revealed highly significant (P ≤ 0.01) differences among the twelve okra genotypes for all the ten quantitative characters studied, namely days to 50% flowering, plant height, number of internodes on the main stem, internode length, number of branches per plant, days to first picking, fruit length, fruit weight, number of fruits per plant and fruit yield per plant. The significant mean sum of squares due to genotypes indicated the existence of substantial genetic variability among the experimental material.
Among all the characters, fruit yield per plant recorded the highest mean sum square (2716.84), followed by plant height (436.30), indicating the presence of considerable variability for these economically important traits. Similarly, highly significant differences were observed for number of internodes on the main stem (11.62), fruit weight (10.41), number of fruits per plant (6.80), fruit length (6.34), days to first picking (4.59), and days to 50% flowering (4.07). These findings suggest that the evaluated genotypes possessed sufficient genetic diversity, providing ample scope for effective selection and future crop improvement programmes.
The presence of significant variation among genotypes is an essential prerequisite for crop improvement because selection can only be effective when adequate variability exists within the breeding material (Allard, 1960). Similar observations have been reported by Reddy et al. (2013), Das et al. (2012), Singh et al. (2014), Kumar et al. (2016), and Yonas et al. (2014), who also observed highly significant differences among okra genotypes for yield and its component traits.

4.2 Mean Performance of Genotypes
4.2.1 Days to 50% Flowering
Days to 50% flowering is an important trait determining earliness in okra. Early flowering genotypes are generally preferred because they enable earlier harvesting, fetch better market prices, and facilitate multiple cropping systems.
The mean performance of twelve genotypes revealed considerable variation for days to 50% flowering (Table 2). The earliest flowering genotype was Kashi Vibhuti (43.81 days) followed by Phule Prajatika (44.27 days), Pusa Makhmali (44.42 days), Pusa Sawani (44.74 days), Phule Utkarsh (44.74 days) and Arka Abhay (44.74 days). In contrast, Red One Long, Arka Anamika, and Varsha Upahar required the maximum number of days (46.59 days) to attain 50% flowering.
The overall mean was 44.56 days, with values ranging from 43.81 to 46.59 days. The relatively narrow range indicates moderate variation for this character among the tested genotypes. The analysis of variance further confirmed significant differences among the genotypes, suggesting the presence of exploitable genetic variability for earliness.
Early flowering genotypes are desirable because they generally escape adverse environmental conditions occurring during later crop growth stages and provide early marketable yield. Similar variation in flowering behaviour among okra genotypes has been reported by Mehta et al. (2007), Das et al. (2012), Reddy et al. (2013), Singh et al. (2014), and Kumar et al. (2016).
4.2.2 Plant Height
Plant height is an important growth parameter that influences photosynthetic efficiency, plant vigour and ultimately fruit production. Considerable variation was observed among the evaluated genotypes for plant height.
The tallest plants were recorded in Pusa Makhmali (105.25 cm) followed by Red One Long (104.03 cm) and Phule Prajatika (92.13 cm). On the other hand, Arka Anamika (75.68 cm) produced the shortest plants followed by Kashi Vibhuti (79.94 cm) and Arka Abhay (81.65 cm).
The overall mean plant height was 91.58 cm, with values ranging from 75.68 to 105.25 cm. The considerable variation in plant height may be attributed to differences in the genetic constitution of the genotypes as well as their differential response to environmental conditions.
Taller plants generally possess a greater number of nodes, increased photosynthetic area, and improved assimilate production, which may contribute to higher fruit yield. However, excessive vegetative growth does not always translate into increased productivity, as yield depends upon efficient partitioning of assimilates towards reproductive organs.
Similar observations regarding variability in plant height among okra genotypes were reported by Dhall et al. (2001), Mehta et al. (2007), Das et al. (2012), Reddy et al. (2013), and Yonas et al. (2014).
4.2.3 Number of Internodes on Main Stem
The number of internodes is an important morphological trait associated with plant architecture and fruit-bearing capacity. Significant variation was observed among the twelve genotypes.The maximum number of internodes was recorded in Pusa Makhmali (14.87) followed by Red One Long (14.60), Phule Utkarsh (14.47) and Prabhani Kranti (14.04). The minimum number of internodes was observed in Arka Abhay (8.33) followed by Kashi Kranti (8.67).The mean value was 11.88, while the range varied from 8.33 to 14.87, indicating a wide variation among the genotypes. A greater number of internodes generally provides more sites for flowering and fruit development, thereby contributing positively to yield. Similar findings have been reported by Singh et al. (2014), Kumar et al. (2016), Sharma et al. (2017), and Patel et al. (2018), who observed considerable variability for internode number in okra.

4.2.4 Length of Internodes
Internode length affects plant architecture, canopy development, and light interception. Significant differences were observed among the studied genotypes. The longest internodes were recorded in Red One Long (6.64 cm) followed by Pusa Sawani (6.53 cm) and Pusa Makhmali (6.47 cm). The shortest internodes were observed in Varsha Upahar (4.97 cm) followed by Kashi Vibhuti (5.06 cm).
The overall mean was 5.65 cm, while the values ranged from 4.97 to 6.64 cm.The observed variability may be attributed to inherent genetic differences among the genotypes. Moderate internode length is generally considered desirable because it facilitates compact plant architecture with improved fruit distribution. Comparable results were obtained by Mehta et al. (2007), Das et al. (2012), Reddy et al. (2013), and Kumar et al. (2016), who also reported significant variability for internode length among okra genotypes.
4.2.5 Number of Branches per Plant
The number of branches per plant is an important yield-attributing trait in okra because increased branching generally provides more sites for flowering and fruit development, thereby enhancing fruit yield. Significant variation was observed among the twelve genotypes for this trait (Table 2).
The maximum number of branches per plant was recorded in Phule Utkarsh (3.67), followed by Red One Long (3.60), Phule Prajatika (3.47) and Pusa Makhmali (3.34). In contrast, the minimum number of branches was observed in Varsha Upahar (1.57), followed by Kashi Kranti (1.60) and Arka Abhay (1.67). The overall mean value was 2.45 branches per plant, with a range of 1.57–3.67. The wide range observed among the genotypes indicated the presence of substantial genetic variability for branching habit. Increased branching contributes to a greater number of reproductive sites, ultimately resulting in improved fruit production. The observed variability may be attributed to differences in the genetic constitution of the evaluated genotypes.
Similar findings were reported by Mehta et al. (2007), Das et al. (2012), Reddy et al. (2013), Singh et al. (2014), Kumar et al. (2016), Patel et al. (2018), and Kumar and Rani (2020), who also observed considerable variation in branching among diverse okra germplasm.
4.2.6 Days to First Picking
Earliness is one of the most desirable characters in vegetable crops because it enables farmers to obtain higher market prices through early harvesting. Days to first picking is therefore an important criterion for evaluating early maturity.
The data presented in Table 2 revealed significant variation among the genotypes for days to first picking. Kashi Pragati required the minimum number of days (52 days) for the first harvest, followed by Phule Utkarsh (53 days) and Red One Long and Phule Prajatika (54 days). The remaining genotypes required 55–56 days for first picking.The mean value for this trait was 54.16 days, with a range of 52–56 days. The comparatively narrow range indicates moderate genetic variability; however, the significant ANOVA confirms that useful variation exists for breeding early-maturing cultivars.
Early-maturing genotypes provide several advantages, including escape from late-season biotic and abiotic stresses, efficient utilization of resources, and increased cropping intensity. Similar variability for earliness has been reported by Reddy et al. (2013), Das et al. (2012), Singh et al. (2014), Kumar et al. (2016), and Yonas et al. (2014).

4.2.7 Fruit Length
Fruit length is an important commercial quality parameter in okra, influencing consumer preference and market acceptability. Significant differences among genotypes were observed for this character.
The maximum fruit length was recorded in Phule Prajatika (15.35 cm), followed by Pusa Makhmali (15.22 cm), Pusa Sawani (15.16 cm) and Phule Utkarsh (15.05 cm). The minimum fruit length was observed in Arka Anamika (11.63 cm), followed by Kashi Vibhuti (11.85 cm) and Prabhani Kranti (12.03 cm). The average fruit length was 13.60 cm, with values ranging from 11.63 to 15.35 cm. The observed variation demonstrates sufficient scope for selecting desirable genotypes possessing longer fruits, which are generally preferred in fresh vegetable markets. Fruit length is largely influenced by genetic makeup but may also be modified by environmental conditions. Similar results have been reported by Mehta et al. (2007), Das et al. (2012), Reddy et al. (2013), Kumar et al. (2016), Patel et al. (2018), and Sharma et al. (2019).
4.2.8 Fruit Weight
Fruit weight directly contributes to total fruit yield and therefore constitutes one of the most important economic traits in okra improvement programmes.
Significant variation was observed among the evaluated genotypes (Table 2). The highest fruit weight was recorded in Phule Utkarsh (17.70 g), followed by Pusa Sawani and Arka Abhay (17.30 g each), while Varsha Upahar produced the lightest fruits (10.70 g). The overall mean fruit weight was 15.58 g, with a range of 10.70–17.70 g. The large variation observed among the genotypes indicates the existence of sufficient genetic diversity for fruit weight. Since fruit weight is one of the major determinants of total fruit yield, genotypes possessing heavier fruits are desirable for yield improvement. Comparable findings were reported by Dhall et al. (2001), Das et al. (2012), Reddy et al. (2013), Singh et al. (2014), Kumar et al. (2016), and Patel et al. (2018).
4.2.9 Number of Fruits per Plant
The number of fruits per plant is one of the most important yield components in okra because it directly determines marketable fruit yield.
The evaluated genotypes exhibited considerable variation for this trait. The maximum number of fruits per plant was recorded in Kashi Pragati (13.24), followed by Pusa Makhmali (12.57), Red One Long (12.14) and Phule Utkarsh (12.10). The minimum number of fruits was observed in Kashi Vibhuti (7.50), followed by Kashi Kranti (8.91).The  mean was 11.21 fruits per plant, while the range varied from 7.50 to 13.24 fruits per plant. The observed variability suggests ample opportunity for improving fruit yield through selection for increased fruit number. Studies by Mehta et al. (2007), Reddy et al. (2013), Kumar et al. (2016), Singh et al. (2014), and Yonas et al. (2014) also reported wide variability for this trait among okra genotypes.
4.2.10 Fruit Yield per Plant
Fruit yield per plant is the most important economic trait because it reflects the combined influence of all growth and yield-contributing characters. Significant differences among the evaluated genotypes indicated the existence of substantial genetic variability for fruit yield.
Among the twelve genotypes, Phule Utkarsh produced the highest fruit yield (225.76 g per plant), followed by Kashi Pragati (213.12 g), Pusa Makhmali (209.71 g), Arka Abhay (207.76 g), Prabhani Kranti (202.96 g), Pusa Sawani (199.98 g) and Red One Long (199.41 g). The lowest fruit yield was recorded in Kashi Vibhuti (107.59 g), followed by Varsha Upahar (127.22 g) and Arka Anamika (164.84 g). The mean fruit yield was 186.54 g per plant, with values ranging from 107.59 to 225.76 g. The superior performance of Phule Utkarsh may be attributed to its favourable combination of desirable traits, including higher number of branches, longer fruits, greater fruit weight, and higher number of fruits per plant.
Fruit yield is a complex quantitative trait governed by several component characters and influenced by both genetic and environmental factors. Therefore, selection based on multiple yield-contributing traits is more effective than selection based on yield alone. The superior genotypes identified in the present study may be utilized as potential parents in hybridization programmes aimed at developing high-yielding cultivars suitable for the Bundelkhand region.
The present findings are in close agreement with those of Dhall et al. (2001), Mehta et al. (2007), Das et al. (2012), Reddy et al. (2013), Singh et al. (2014), Kumar et al. (2016), Patel et al. (2018), Sharma et al. (2019), Kumar and Rani (2020), and Verma et al. (2022), who also reported significant variability for fruit yield and associated traits in okra.
4.3 Genetic Variability, Heritability and Genetic Advance
The effectiveness of any crop improvement programme depends on the magnitude of genetic variability present in the breeding material. The estimates of genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (broad sense), and genetic advance provide valuable information regarding the nature and extent of genetic variation and help in identifying characters amenable to selection. The estimates of these parameters for ten quantitative traits are presented in Table 3.
4.3.1 Genotypic and Phenotypic Coefficient of Variation
In the present investigation, the phenotypic coefficient of variation (PCV) was higher than the corresponding genotypic coefficient of variation (GCV) for all the characters studied. This indicated that environmental factors influenced the expression of these traits to varying degrees. However, the relatively small differences between PCV and GCV for several traits suggested that the observed variation was predominantly genetic, making phenotypic selection effective.
The highest GCV (29.42%) and PCV (30.19%) were recorded for number of branches per plant, indicating the existence of substantial genetic variability for this trait. High GCV and PCV were also observed for number of internodes on the main stem (16.06% and 17.51%), fruit yield per plant (14.42% and 19.10%), length of internodes (13.13% and 13.55%), number of fruits per plant (12.88% and 14.48%), and plant height (12.56% and 14.31%). Moderate GCV and PCV values were recorded for fruit weight (10.24% and 14.80%) and fruit length (9.76% and 12.33%), whereas days to 50% flowering and days to first picking exhibited comparatively low GCV and PCV values, indicating limited variability for these traits. High estimates of GCV and PCV indicate greater opportunities for improvement through selection, whereas low estimates generally reflect limited genetic variability. Similar observations have been reported by Burton and DeVane (1953), Johnson et al. (1955), Mehta et al. (2007), Das et al. (2012), Reddy et al. (2013), Singh et al. (2014), Kumar et al. (2016), and Patel et al. (2018).
4.3.2 Heritability
Heritability is an important genetic parameter that measures the proportion of total phenotypic variation attributable to genetic causes and provides an estimate of the extent to which a particular trait can be transmitted from one generation to the next. In the present investigation, broad-sense heritability (H²b) ranged from 28.60% for days to 50% flowering to 95.00% for number of branches per plant, indicating considerable variation in the inheritance of different quantitative traits (Table 3). Very high heritability estimates were recorded for number of branches per plant (95.00%), length of internodes (93.90%), number of internodes on the main stem (84.10%), number of fruits per plant (79.00%), and plant height (77.10%), suggesting that these traits were largely controlled by genetic factors with relatively little environmental influence. Therefore, direct phenotypic selection for these characters is expected to be highly effective in the improvement of okra. Moderately high heritability was observed for fruit length (62.70%), days to first picking (59.20%), and fruit yield per plant (57.00%), indicating that these traits are influenced by both genetic and environmental factors and can be improved through careful selection over successive generations. In contrast, fruit weight (47.90%) and days to 50% flowering (28.60%) exhibited comparatively low heritability, suggesting a greater influence of environmental conditions on the expression of these characters, thereby reducing the efficiency of direct selection. Similar findings have been reported by Dhall et al. (2001), Mehta et al. (2007), Das et al. (2012), Reddy et al. (2013), Singh et al. (2014), Kumar et al. (2016), Sharma et al. (2019), and Verma et al. (2022), who also observed high heritability for plant height, branching pattern, number of fruits per plant, and other yield-related traits in okra. These findings indicate that the above traits possess substantial genetic potential and can be effectively utilized in breeding programmes for the development of high-yielding cultivars.
4.3.3 Genetic Advance
Genetic advance (GA) is an important selection parameter that predicts the expected improvement in a trait under selection. When genetic advance is considered together with heritability, it provides a reliable indication of the nature of gene action governing a character and the effectiveness of selection. In the present study, genetic advance expressed as percentage of the mean (GAM) varied considerably among the characters studied (Table 3). The highest GAM was observed for number of branches per plant (59.23%), followed by number of internodes on the main stem (30.38%), length of internodes (26.19%), number of fruits per plant (23.56%), plant height (22.71%), and fruit yield per plant (22.43%). These high values indicate the presence of substantial additive genetic variance and suggest that considerable improvement in these traits can be achieved through simple phenotypic selection. Moderate genetic advance was recorded for fruit length (15.95%) and fruit weight (14.63%), indicating moderate scope for genetic improvement through selection. On the other hand, days to first picking (3.27%) and days to 50% flowering (2.13%) exhibited very low genetic advance, reflecting limited expected progress from direct selection due to the greater influence of non-additive gene effects and environmental factors.
The combination of high heritability and high genetic advance observed for number of branches per plant, number of internodes on the main stem, length of internodes, plant height, and number of fruits per plant suggests that these traits are predominantly governed by additive gene action and are therefore highly amenable to improvement through direct selection. Conversely, the combination of low heritability and low genetic advance for days to 50% flowering indicates the predominance of non-additive gene action and environmental influence, making direct selection less effective for this trait. These observations are in close agreement with the classical findings of Johnson et al. (1955), who emphasized that traits exhibiting high heritability coupled with high genetic advance are primarily controlled by additive genes and respond efficiently to selection. Similar conclusions have also been reported by Das et al. (2012), Reddy et al. (2013), Singh et al. (2014), Kumar et al. (2016), Patel et al. (2018), Sharma et al. (2019), and Verma et al. (2022) in studies on genetic variability and selection parameters in okra. Overall, the present findings indicate that selection based on number of branches per plant, number of internodes on the main stem, plant height, internode length, and number of fruits per plant would be highly effective for improving fruit yield and developing superior okra cultivars.
Table 1. Analysis of Variance (ANOVA) for Ten Quantitative Characters in Okra Genotypes
	S. No.
	Character
	Replications (df = 2)
	Genotypes (df = 11)
	Error (df = 22)

	1
	Days to 50% flowering
	4.19
	4.07**
	1.84

	2
	Plant height (cm)
	49.69
	436.30**
	39.34

	3
	Number of internodes on main stem
	0.79
	11.62**
	0.69

	4
	Length of internodes (cm)
	0.04
	1.69**
	0.04

	5
	Number of branches per plant
	0.05
	1.58**
	0.03

	6
	Days to first picking
	2.46
	4.59**
	0.88

	7
	Fruit length (cm)
	3.45
	6.34**
	1.05

	8
	Fruit weight (g)
	7.30
	10.41**
	2.77

	9
	Number of fruits per plant
	0.83
	6.80**
	0.55

	10
	Fruit yield per plant (g)
	1008.40
	2716.84**
	545.68


Note: * and ** indicate significance at 5% and 1% probability levels, respectively.

Table 2. Mean Performance of Twelve Okra Genotypes for Different Quantitative Characters

	Genotype
	Days to 50% flowering
	Plant height (cm)
	No. of internodes
	Internode length (cm)

	Phule Utkarsh
	44.74
	90.41
	14.47
	6.36

	Red One Long
	46.59
	104.03
	14.60
	6.64

	Pusa Sawani
	44.74
	87.48
	12.07
	6.53

	Arka Anamika
	46.59
	75.68
	9.40
	5.74

	Arka Abhay
	44.74
	81.65
	8.33
	5.72

	Kashi Kranti
	45.66
	89.05
	8.67
	5.32

	Varsha Upahar
	46.59
	82.63
	9.87
	4.97

	Prabhani Kranti
	44.88
	91.02
	14.04
	5.71

	Kashi Vibhuti
	43.81
	79.94
	9.47
	5.06

	Kashi Pragati
	45.20
	88.40
	12.13
	5.58

	Phule Prajatika
	44.27
	92.13
	13.07
	5.97

	Pusa Makhmali
	44.42
	105.25
	14.87
	6.47

	Grand Mean
	44.56
	91.58
	11.88
	5.65

	S.Em. (±)
	0.78
	3.62
	0.48
	0.11

	CD (P=0.05)
	2.20
	10.13
	1.34
	0.31

	CV (%)
	3.05
	6.85
	6.97
	3.34

	Range
	43.81–46.59
	75.68–105.25
	8.33–14.87
	4.97–6.64



Table .2 (Continued) – 
	Genotype
	Branches/plant
	Days to first picking
	Fruit length (cm)
	Fruit weight (g)

	Phule Utkarsh
	3.67
	53
	15.05
	17.7

	Red One Long
	3.60
	54
	14.93
	14.9

	Pusa Sawani
	3.00
	56
	15.16
	17.3

	Arka Anamika
	3.14
	56
	11.63
	14.7

	Arka Abhay
	1.67
	55
	12.13
	17.3

	Kashi Kranti
	1.60
	56
	14.85
	16.7

	Varsha Upahar
	1.57
	56
	12.60
	10.7

	Prabhani Kranti
	2.36
	55
	12.03
	16.0

	Kashi Vibhuti
	1.80
	56
	11.85
	13.3

	Kashi Pragati
	2.94
	52
	13.69
	14.7

	Phule Prajatika
	3.47
	54
	15.35
	16.7

	Pusa Makhmali
	3.34
	55
	15.22
	15.7

	Grand Mean
	2.45
	54.16
	13.60
	15.58

	S.Em. (±)
	0.095
	0.54
	0.59
	0.96

	CD (P=0.05)
	0.27
	1.52
	1.65
	2.69

	CV (%)
	6.75
	1.74
	7.52
	10.69

	Range
	1.57–3.67
	52–56
	11.63–15.35
	10.7–17.7



Table 2 (Continued) 
	Genotype
	Fruits/plant
	Fruit yield/plant (g)

	Phule Utkarsh
	12.10
	225.76

	Red One Long
	12.14
	199.41

	Pusa Sawani
	10.94
	199.98

	Arka Anamika
	10.50
	164.84

	Arka Abhay
	11.30
	207.76

	Kashi Kranti
	8.91
	192.92

	Varsha Upahar
	10.87
	127.22

	Prabhani Kranti
	11.95
	202.96

	Kashi Vibhuti
	7.50
	107.59

	Kashi Pragati
	13.24
	213.12

	Phule Prajatika
	10.94
	193.60

	Pusa Makhmali
	12.57
	209.71

	Grand Mean
	11.21
	186.54

	S.Em. (±)
	0.43
	13.49

	CD (P=0.05)
	1.20
	37.74

	CV (%)
	6.63
	12.52

	Range
	7.50–13.24
	107.59–225.76



Table 3. Estimates of Genetic Variability Parameters for Ten Quantitative Characters in Okra
	S. No.
	Character
	σ²g
	σ²p
	GCV (%)
	PCV (%)
	Heritability (H²b, %)
	GA
	GA as % of Mean

	1
	Days to 50% flowering
	0.74
	2.59
	1.93
	3.61
	28.60
	0.95
	2.13

	2
	Plant height (cm)
	132.30
	171.73
	12.56
	14.31
	77.10
	20.80
	22.71

	3
	Number of internodes on main stem
	3.64
	4.33
	16.06
	17.51
	84.10
	3.61
	30.38

	4
	Length of internodes (cm)
	0.55
	0.59
	13.13
	13.55
	93.90
	1.48
	26.19

	5
	Number of branches per plant
	0.52
	0.55
	29.42
	30.19
	95.00
	1.45
	59.23

	6
	Days to first picking
	1.24
	2.11
	2.06
	2.68
	59.20
	1.77
	3.27

	7
	Fruit length (cm)
	1.76
	2.81
	9.76
	12.33
	62.70
	2.17
	15.95

	8
	Fruit weight (g)
	2.54
	5.32
	10.24
	14.80
	47.90
	2.28
	14.63

	9
	Number of fruits per plant
	2.08
	2.63
	12.88
	14.48
	79.00
	2.64
	23.56

	10
	Fruit yield per plant (g)
	723.55
	1269.42
	14.42
	19.10
	57.00
	41.85
	22.43
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Fig 1- Flowering stage of okra (Abelmoschus esculentus L. Moench) under field conditions.
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Fig 2- Fruit-bearing okra plant and general view of the experimental field used for evaluating twelve okra genotypes at Bundelkhand University, Jhansi, Uttar Pradesh, India
Conclusion
The present investigation revealed considerable genetic variability among the twelve okra (Abelmoschus esculentus L. Moench) genotypes for all the ten quantitative traits studied, indicating ample scope for genetic improvement through selection. The analysis of variance showed highly significant differences among the genotypes for all the characters, confirming the existence of substantial genetic diversity in the experimental material. Among the evaluated genotypes, Phule Utkarsh emerged as the most promising genotype by recording the highest fruit yield per plant (225.76 g), followed by Kashi Pragati (213.12 g), Pusa Makhmali (209.71 g), and Arka Abhay (207.76 g). These genotypes also exhibited superior performance for important yield-contributing traits such as number of branches per plant, fruit weight, fruit length, and number of fruits per plant, making them suitable candidates for commercial cultivation and future breeding programmes.The estimates of genetic parameters revealed that the phenotypic coefficient of variation (PCV) was higher than the corresponding genotypic coefficient of variation (GCV) for all the traits, indicating the influence of environmental factors on trait expression. However, the relatively small differences between GCV and PCV for several characters suggested that most of the observed variation was genetically controlled.
High heritability coupled with high genetic advance was observed for number of branches per plant, number of internodes on the main stem, length of internodes, plant height, and number of fruits per plant, indicating the predominance of additive gene action and the effectiveness of direct phenotypic selection for these traits. In contrast, days to 50% flowering exhibited low heritability and low genetic advance, suggesting greater environmental influence and the involvement of non-additive gene action. The study demonstrated that fruit yield per plant can be effectively improved through simultaneous selection for number of branches per plant, number of fruits per plant, plant height, and internode characteristics. Based on their superior performance and favourable genetic parameters, Phule Utkarsh, Kashi Pragati, Pusa Makhmali, and Arka Abhay are recommended as promising genotypes for cultivation under the agro-climatic conditions of Bundelkhand and as valuable parental lines for future hybridization and varietal improvement programmes aimed at developing high-yielding okra cultivars.
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Combined Comparison of Fruit Yield and Number of Fruits in Okra Genotypes
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