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  Abstract 

A country's okra production is vital for its economic and nutritional well-being, so 

selecting genotypes with high yields is crucial. A crop's potential for improvement 

is determined by the magnitude of genetic variability present in genotypes, along 

with genetic advancement, character association, and direct and indirect effects on 

yield and yield attributes; however, crop variability in this country is not well stu-

died. Thus, sixty-three okra genotypes were evaluated using an alpha lattice (7 x 9) 

design to estimate the extent of their variability, heritability, and genetic advance. 

The data were collected from 15 quantitative traits. Analyses of variance revealed 
that all genotypes were highly significant for all traits. Overall, there was a slightly 

higher phenotypic coefficient of variation (PCV) compared to a genotypic coeffi-

cient of variation (GCV) for all traits. A wide range of variation was also observed 

within genotypes, with most traits exhibiting high coefficients of variation. Days 

to 50% flowering had the lowest GCV (4.93%) and PCV (6.37%), while second-

ary branch numbers per plant had the highest GCV (94.60%) and PCV (97.19%). 

A wide range of heritability and genetic advancement was observed, ranging from 

46.44% (number of nodes per plant) to 97.42% (fruit yield per plant) and 8.13% 

(days to 50% flowering) to 94.99% (fruit yield per plant), respectively. High heri-

tability (broad sense) along with high genetic advance was observed for fruit yield 

per plant, number of secondary branches per plant, number of fruit per plant, fruit 
weight, fruit length, plant height, and fruit diameter. Traits like plant spread in 

East-West direction, plant spread in North-South direction, number of ridges per 

fruit, and number of fruited-nodes per plant were also showed high heritability 

(broad sense) along with high genetic advance, which showing a diverse genetic 

background and predominance of additive gene control for these traits, thereby 

providing a great scope for selection. 

Keywords 

Okra, genotypes, traits, variability, coefficient of variation, heritability, genetic 

advance 

 

1. Introduction 

Okra (Abelmoschusesculentus (L.) Moench), also called Kienkies or Lady's Fingers, is a Malvaceae (mallow) family 

plant with 2n = 66 to 144 chromosomes [1]. The origins of cultivated okra (2n = 130) [2] are thought to be in the Abys-

sinian region (Ethiopia and Sudan) [3, 4]. Self-pollinated, but outcrossing occurs by insects up to 19% [5]. It is a vital 

annual fruit vegetable crop grown throughout the tropics and subtropics and adapted to hot and dry seasons [6]. Delect-

able and tender pods distinguish this versatile crop. It is also a nutrient and antioxidant powerhouse, low in calories, 

fat-free, high in fiber and vitamins C, A, and B, and a good source of calcium and potassium [7-9]. It is also rich in 

iodine which can aid in goiter treatment [10] (Adams, 1975). Apart from being high in protein and edible oil [11], ripe 
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seeds can be dried, roasted, and ground to make a coffee substitute [9]. Consequently, it provides an important dietary 

supplement in developing countries with significant nutrient imbalances [7]. Furthermore, dried fruit skins and stems 

are used in paper, cardboard, and fiber production [12, 13], as well as mucilage for industrial and medicinal purposes 

[14].Okra also has pharmacological properties that can be used to treat diabetes, obesity, and cancer [15]. As a whole, 

okra plays a substantial role in ensuring food, nutrition, and health security as well as the economic role.  
In Ethiopian okra, there is a high level of genetic diversity [16]. Despite being a widely grown vegetable crop world-

wide, okra has not been extensively studied genetically in Ethiopia, and there are no varieties released or registered 

there, so improvements are inevitable. Furthermore, breeders' efforts to improve the crop in terms of developing 

high-yielding and high-quality varieties from core collections are negligible. Assessing, creating, and utilizing variabil-

ity that helps in selecting suitable parents for hybridization, identifying superior lines, exploitation of heterosis, and 

above all gain selection over the long run is the first and foremost step for genetic improvement [17, 18]. The heritabil-

ity of variation is essential to improve characters through selection, which is determined by the intensity of selection, 

the heritability, and the genetic advance of traits. In crop improvement programs, heritability and genetic advance esti-

mates assist breeders in applying the most appropriate breeding methodology [19, 20]. Hence, understanding the extent 

and the nature of genetic variability present in germplasm, as well as the degree of transmission of economic traits or 

yield, is more useful in selecting parents for planning a suitable breeding strategy [8]. 
Okra production is important to national economies and nutrition, so selecting high-yielding edible fruit genotypes is 

critical. Before launching an effective breeding program, it was critical to conduct studies on variability using genetic 

parameters such as genotypic coefficients of variation, and heritability, as well as genetic advance. As a complex trait, 

yield is determined by many traits, their interactions, and the environment. Selection for high yield alone will not be 

effective, so it is imperative to select traits that are highly heritable with a high level of genetic advancement that gene-

rates significant yields. Consequently, this study aimed to measure the genetic diversity, and assess the heritability es-

timate and the genetic advance of different traits in okra genotypes to formulate a selection plan. 

2. Materials and Methods 

2.1 Description of the experimental site 

The research was conducted at Assosa Agricultural Research Center (AsARC), one of the Ethiopian Institute of 

Agricultural Research (EIAR) centers, which is located at 10O02′ N and 34O34′ E in western Ethiopia about 665 km 

from Addis Ababa, the capital. The experimental site is approximately 1553 meters above sea level. It was conducted 

during the main cropping season, and the area receives approximately 1100 millimeters of rainfall each year. The rainy 

season lasts from May to October, with the most rain falling between June and August. It has a warm, humid climate, 

with mean maximum and minimum annual temperatures of 32 OC and 17 OC, respectively. 

2.2 Planting materials 

The experiment materials comprised sixty-three genotypes of okra collected from the Assosa and Kamash zones of 

the Benishangul-Gumz region, western Ethiopia. Since there is no released or registered variety of okra in Ethiopia, we 

do not use any checks. The information for genotypes was presented in Table 1. 

2.3 Field experimental setup 

Sixty-three local okra genotypes were used, which were collected from various districts and Kebeles in the Beni-

shangul-Gumuz region. The experiment was designed as an alpha-lattice (7*9) design with two replications. Each expe-

rimental plot was comprised of five rows of 2.4 m in length, with 0.3 m between plants and 0.6 m between rows. The 

environmental error due to the border effect was minimized by planting one non-experimental row on either side of 

each plot. Fertilizer doses, and other cultural practices, as well as weeding and other plant protection measures, were 

applied for raising the crop. 

2.4 Character studies 

For each observation, five competitive plants had been chosen randomly. Data were recorded on fifteen different 

morphological, phenological, yield, and yield contributing traits. The plant height (PH) (cm), plant spread in the 

North-South direction (PSNS) (cm), and plant spread in the East-West direction (PSEW) (cm)were recorded when the 

last fruit picking was done from respective plants. The fruit length (FL) (cm) and diameter of the fruit (FD) (cm) were 

recorded with the use of a measuring scale and caliper, respectively. Observations like number of primary branches per 

plant (NPBPP), number of secondary branches per plant (NSBPP), days of first flowering (DFF), days to 50% flower-

ing (D50F), number of nodes per plant (NNPP), number of fruiting nodes per plant (NFNPP), number of fruit per plants 

(NFPP), and number of ridges per fruit (NRPF) were recorded manually. Weight of fruit (FW) (g) and fruit yield per 
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plant (FYPP) (g) were taken by using a weighing balance.  

Table 1. Entry number, genotypes, and seed source of okra 

Entry No Genotypes Seed source  Entry No Genotypes Seed source 

1 AsARC13-KAMK49-01 Collection from KZ  33 AsARC13-KY09-01 Collection from KZ 

2 AsARC13-UN01-01 Collection from AZ  34 AsARC13-KAMK43-01 Collection from KZ 

3 AsARC12-DSK02-02 Collection from AZ  35 AsARC11-FTK08-01 Collection from AZ 

4 AsARC13-KC23-01 Collection from KZ  36 AsARC13-FT32-01 Collection from AZ 

5 AsARC13-FT36-02 Collection from AZ  37 AsARC14-KAMK44-03 Collection from KZ 

6 AsARC13-KY16-01 Collection from KZ  38 AsARC13-UN01-02 Collection from AZ 

7 AsARC12-FTB06-03 Collection from AZ  39 AsARC12-FTB04-03-01 Collection from AZ 

8 AsARC13-KAMK44-02 Collection from KZ  40 AsARC13-KAMK42-01 Collection from KZ 

9 AsARC12-FTB04-01-03 Collection from AZ  41 AsARC12-DSK02-03 Collection from AZ 

10 AsARC13-KY18-04 Collection from KZ  42 AsARC13-KAMK50-01 Collection from KZ 

11 AsARC12-DSB01-05-02 Collection from AZ  43 AsARC13-KY17-01 Collection from KZ 

12 AsARC13-KAMK48-03 Collection from KZ  44 AsARC13-KY01-01 Collection from KZ 

13 AsARC14-KAMK43-03 Collection from KZ  45 AsARC13-KC24-01 Collection from KZ 

14 AsARC13-KY13-02 Collection from KZ  46 AsARC13-KAMK42-02 Collection from KZ 

15 AsARC13-FT33-01 Collection from AZ  47 AsARC13-KY18-01 Collection from KZ 

16 AsARC12-FTB06-02-03 Collection from AZ  48 AsARC13-KAMK50-02 Collection from KZ 

17 AsARC13-KAMK51-01 Collection from KZ  49 AsARC13-KY06-01 Collection from KZ 

18 AsARC12-FTB04-01-01 Collection from AZ  50 AsARC13-KC27-01 Collection from KZ 

19 AsARC13-KAMK43-02 Collection from KZ  51 AsARC12-FTB04-03-01 Collection from AZ 

20 AsARC13-KY13-01 Collection from KZ  52 AsARC13-KAMK47-01 Collection from KZ 

21 AsARC13-KAMK48-02 Collection from KZ  53 AsARC12-FTK03-01 Collection from AZ 

22 AsARC12-FTK08-02 Collection from AZ  54 AsARC13-UN05-01 Collection from AZ 

23 AsARC12-FTB06-02-02 Collection from AZ  55 AsARC12-FTB06-02-04 Collection from AZ 

24 AsARC13-KY18-03 Collection from KZ  56 AsARC13-KY15-10 Collection from KZ 

25 AsARC12-DSB01-05-01 Collection from AZ  57 AsARC13-KAMK54-01 Collection from KZ 

26 AsARC13-KAMK50-04 Collection from KZ  58 AsARC13-KAMK44-01 Collection from KZ 

27 AsARC13-FT32-02 Collection from AZ  59 AsARC13-FT36-01 Collection from AZ 

28 AsARC13-KY18-02 Collection from KZ  60 AsARC13-KAMK48-04 Collection from KZ 

29 AsARC12-FTB06-02-01 Collection from AZ  61 AsARC13-KC22-01 Collection from KZ 

30 AsARC12-DSB01-03 Collection from AZ  62 AsARC12-FTB04-01-02 Collection from AZ 

31 AsARC13-KAMK50-03 Collection from KZ  63 AsARC12-AK09-01 Collection from AZ 

32 AsARC13-KAMK48-01 Collection from KZ     

Where AZ - Assosa Zone, KZ - Kamash Zone 

2.5 Analysis of variance 

An analysis of variance (ANOVA) was performed using R software version 4.0.5 [21] on 15 quantitative traits to as-

sess significant differences according to Cochran and Cox [22]. Tukey Honestly Significant Difference (HSD) test was 

used to determine genotypes with significant differences. 
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2.6 Genetic parameters 

Means, ranges, standard deviations, genotypic and phenotypic variances, and coefficient of variations (CV) were 

used to estimate the variability of each quantitative trait. The means were used to calculate the genetic parameters in-

cluding the variance [genotypic (𝜎𝑔
2), phenotypic (𝜎𝑝

2), and environmental (𝜎𝑒
2)] according to Lush [23], the coefficient 

of variation [genotypic (GCV), phenotypic (PCV), and environmental (ECV)], according to Cockerham [24], the heri-

tability in broad-sense (𝐻𝑏𝑠
2 ) as described by Burton and DeVane [25], as well as genetic advancesaccording to Allard 

[26] to show variability among genotypes. 𝜎𝑒
2 =  𝑀𝑆𝑒  ;  𝜎𝑔

2 =  (𝑀𝑆𝑔 − 𝑀𝑆𝑒)/𝑟 ;  and  𝜎𝑝
2 =  𝜎𝑔

2 +  𝜎𝑒
2 where, 𝑀𝑆𝑒 , 

𝑀𝑆𝑔 , and r are the mean squares of error, mean squares of genotypes, and the number of blocks, respectively. 

𝐺𝐶𝑉  % =  
 𝜎𝑔

2

𝑥 
 𝑥 100;   𝑃𝐶𝑉 % =  

 𝜎𝑝
2

𝑥 
 𝑥 100;  and  𝐸𝐶𝑉  % =  

 𝜎𝑒
2

𝑥 
 𝑥 100, where x  are the grand mean for 

each measured trait. According to Sivasubramanjan and Menon [27], the GCV and PCV values fall into three categories: 

low (0 - 10%), moderate (10 - 20%), and high (>20%). Broad-sense heritability is also calculated as 𝐻𝑏𝑠
2 =  

σg
2

σp
2  𝑥 100, 

and it’s percentage was categorized as low (0-30%), moderate (31-60%) and high (> 60%) (Robinson et al., 1949). Ge-

netic advance (GA) was estimated as 𝐺𝐴 =  𝑘 𝑥 𝜎𝑝
2  𝑥 𝐻𝑏𝑠

2  where k is a constant (2.06) at a selection intensity of 5%, 

and  𝜎𝑝
2 is the phenotypic standard deviation. Genetic advances as a percentage of the mean (GAM) were also calcu-

lated by the formula suggested by Comstock and Robinson (1952), 𝐺𝐴𝑀 =
𝐺𝑀

x 
 𝑥 100. Genetic advance as percent of 

mean was categorized as low (0 – 10%), moderate (10 – 20%), and high (> 20%) as suggested by Johnson et al. [19]. 

3. Results and Discussion 

3.1 Analysis of variance, range, and mean performances of genotypes 

Analysis of variance publicized that all 15 studied agronomic (growth), phenological, yields, and yield-related traits 

were very highly significant (p<0.001) among sixty-three okra genotypes (Table 2). Accordingly, the sixty-three okra 

genotypes studied had considerable variation regarding qualitative traits, which could be exploited to further improve 

various traits through genotypic studies. These significant differences in the studied traits, however, could be due to 

diverse sources of materials or genetic makeup of different as well as environmental influences on okra genotypes. All 

measured traits showed significant differences in mean squares (Table 2), indicating a rough estimate of the variability 

among the genotypes. The variability of traits has more room for improvement and can thus be exploited for the devel-
opment of superior genotypes. In this study, the results are coherent with those found by Yonas et al. [16], Amoatey et 

al. [30], Priyanka et al. [31], Kelemoge et al. [32], Olayiwola et al. [33] and Rai et al. [34], who have found significant 

differences in most traits in the tested okra genotypes. 

The traits vary from a narrow range of 5.0 to 10.2 for the number of ridges per fruit to the widest range of 171 to 

1612 g for fruit yield per plant (Table 2). Next to fruit yield per plant, plant height (117.5 to 313 cm) showed a wider 

range value followed by plant spread in the North-South direction (11 to 142 cm). Those with narrow ranges had mi-

nimal variation, whereas those with wide ranges indicated sufficient variability in the studied genetic material to aid in 

genotype selection. All 15 traits under study exhibited high variability from the mean values. Concerning the mean val-

ue of the yield and yield component traits, the fruit yield per plant, fruit weight, fruit diameter, fruit number per plant, 

and fruit length was 662.24 g, 32.66 g, 30.17 mm, 20.76, and 15.92 cm, respectively. Different traits studied indicated 

that the selection of desirable genotypes can be effective based on the mean values. This finding demonstrated that okra 

has a broad genetic potential and a higher chance of improving yield and other traits. It is supported by Yonas et al. [16], 
Kerure et al. [35], Kumar et al. [36], and Melaku et al. [37], who found a wide variation in mean values for quantitative 

traits among okra genotypes. 

3.2 Genotypic and phenotypic variances 

Genetic variance ranged from 0.95 for the number of ridges per fruit to 96141.87 g for fruit yield per plant while 

phenotypic variance values ranged from 1.26 for the number of ridges per fruit to 99122.70 g for fruit yield per plant 

(Table 3). This genetic variability would be viewed as a key to consider when planning a breeding program. The mag-

nitude of genetic variability in the population has a large impact on the success of selection. Thus, the variability present 

in the okra genotype helps to get desired success and has good scope for giving a positive response to the selection 

scheme. Each of the traits studied in this study had a greater phenotypic and genotypic variance than its environmental 
variance. Based on this, genotypic variation contributed the most to the overall variation in the traits examined. In addi-

tion to this, the genotypic variance was less than and followed the trend of the corresponding phenotypic variance. This 

indicates the predominance of environmental effects on the expression of these traits and the apparent variation is not 
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only due to the genotypes but also due to the influence of the environment. These findings agree with the findings of 

Adeoluwa and Kehinde [38], Ehab et al. [39], and Kumar et al. [36]. 

Table 2. Analysis of variance and mean squares of traits of okra genotypes 

Trait Range Grand Mean ± SEm 
Sig. 

level 
Coefficient of variation (%) 

Genotypes Mean 

Square 

Error Mean 

Square 

PH 117.5  ̶ 313.0 222.72±9.86 *** 6 2667.22 176.65 

NPBPP 1.6  ̶ 14.0 7.03±1.16 *** 21.7 10.30 2.33 

NSBPP 0.0  ̶ 9.0 2.54±0.40 *** 23.3 11.85 0.35 

PSNS 11  ̶ 142.0 81.32±9.06 *** 15.5 1496.97 158.63 

PSEW 19  ̶ 161.0 86.63±7.71 *** 10.6 1430.43 84.15 

DFF 74  ̶ 105.0 92.41±2.28 *** 3.1 64.07 8.10 

D50F 83  ̶ 116.0 99.79±2.85 *** 3.9 64.61 14.94 

NNPP 18.2  ̶ 57.0 31.60±3.27 *** 13.3 58.30 17.59 

NFNPP 2.3  ̶ 17.0 8.38±1.06 *** 18 15.91 2.27 

NFPP 5.6  ̶ 42.6 20.76±1.58 *** 10.8 140.56 5.06 

FL 5.2  ̶ 33.4 15.92±1.52 *** 13.9 84.65 4.87 

FD 12.1  ̶ 49.9 30.17±1.78 *** 9.1 77.05 7.59 

FW 5.7  ̶ 60.8 32.66±2.69 *** 11.8 266.62 14.87 

NRPF 5.0  ̶ 10.2 8.41±0.37 *** 6.6 2.21 0.31 

FYPP 171  ̶ 1612.8 662.24±35.72 *** 8.2 195264.58 298.08 

Where SEm – standard error of the mean, *** – significant at 0.001 level of significance 

3.3 Genotypic and phenotypic coefficient of variations 

GCV values ranged from 4.93 to 94.60%, while the PCV ranged from 6.37 to 97.19%. The lowest and highest values 
for both GCV and PCV were observed for days to 50% flowering and the number of secondary branches per plant, re-

spectively (Table 3). Those traits that had a high magnitude for GCV were the number of secondary branches per plant 

(94.60%), fruit yield per plant (46.87%), fruit length (39.73%), number of fruit per plant (39.67%), fruit weight 

(34.38%), plant spread in the North-South direction (31.75 %), number of fruiting nodes per plant (31.18%), plant 

spread in the East-West direction (29.57%), and number of primary branches per plant (27.72%). While moderate GCV 

was obtained from traits such as fruit diameter (19.71%), plant height (15.79%), number of nodes per plant (13.61%), 

and number of ridges per fruit (11.70%). On the contrary, the GCV of the first flowering days (5.61%) and the 50% 

flowering days (4.93%) were both low (Table 3). 

Similarly, number of secondary branches per plant (97.19 %), fruit yield per plant (47.49%), fruit length (41.97 %), 

number of fruit per plant (41.1 %), fruit weight (36.30 %), plant spread in the North-South direction (35.44 %), number 

of fruiting nodes per plant (35.94 %), plant spread in the East-West direction (35.44 %), number of primary branches 
per plant (36.28 %), and fruit diameter (21.41 % ) had a high magnitude of PCV. There was a moderate PCV for the 

number of nodes per plant (19.97%), plant height (16.98%), and the number of ridges per fruit (13.25%), while low 

PCVs were found for days of first flowering (6.60%), and days to 50% flowering (6.37%) (Table 3). 

Additionally, the magnitude difference between GCV and PCV varies from 0.62 to 8.56 for fruit yield and primary 

branches per plant, respectively. Consequently, traits with low difference values should be selected for improvement 

based on their phenotypic expression when the difference value increases due to the influence of environmental factors. 

As a measure of variability within traits, GCV provides insight into the validity of different traits for selection. For all 

traits studied, PCV was higher than GCV, suggesting that the environment influenced their expression significantly. In 

general, the high PCV and GCV for the above traits suggest greater phenotypic and genotypic variability among geno-

types, which can be enhanced by phenotypic selection. Likewise, traits with moderate PCV and GCV values are ame-

nable to selection for further improvement since they are controlled primarily by genetic factors. However, traits with 

low GCV and PCV values showed a greater influence of environment on phenotypic plasticity. Thus, the selection of 
genotypes based on phenotypic performance is not an effective measure of genetic improvement. 

The findings of high GCV and PCV were supported by Demelie et al. [40], Raval et al. [41], Verma et al. [42], Cha-

van et al. [43], Melaku et al. [37], and Sravanthi et al. [44] for the number of primary branches per plant, by Bello et al. 

[17], Sravanthi [45], Adewusi and Adeweso [46], and Sravanthi et al. [44] for the number of fruit per plant, by Bello et 

al. [17], Singh et al. [47], Adewusi and Adeweso [46], and Sravanthi et al. [44] for fruit length, by Bello et al. [17], 
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Khajuria et al. [48], and Sravanthi [45] for fruit weight and by Bello et al. [17], Sravanthi [45], Raval et al. [41], Verma 

et al. [42], Chavan et al. [43], Kumar et al. [36], Melaku et al. [37], and Sravanthi et al. [44] for fruit yield per plant. The 

results of moderate GCV and PCV show similarities with the findings of Sravanthi [45], Yadav et al. [49], Adewusi and 

Adeweso [46], Awasthi et al. [50], and Rai et al. [34] for plant height, of Goswami et al. [51] for the number of nodes 

per plant, and Yadav et al. [49], Demelie et al. [40], Singh et al. [47], and Melaku et al. [37] for the number of ridges 
per fruit. For fruit diameter, similar moderate GCV was also observed by Demelie et al. [40], Melaku et al. [37], Awas-

thi et al. [50], and high PCV by Goswami et al. [51], Chavan et al. [43]. Similar findings of low GCV and PCV have 

been reported by Yadav et al. [49], Chavan et al. [43], Kumar et al. [36], Sravanthi et al. [44], and Awasthi et al. [50] 

for days of first flowering, and by Verma et al. [42], Rathava et al. [6], Melaku et al. [37], Awasthi et al. [50], and Rai et 

al. [34] for days to 50% flowering. 

Table 3. Genotypic and phenotypic variances and coefficient of variation for different traits in okra genotypes 

Trait 
Genotypic  

variance (σ
2

g) 

Phenotypic  

variance (σ
2

p) 

Environmental  

variance (σ
2

e) 

Genotypic Coefficient  

of Variance (GCV) 

Phenotypic Coefficient  

of Variance (PCV) 

PH 1245.29 1421.94 176.65 15.79 16.98 

NPBPP 3.99 6.31 2.33 27.719 36.28 

NSBPP 5.75 6.10 0.35 94.599 97.19 

PSNS 669.17 827.80 158.63 31.749 35.44 

PSEW 673.14 757.29 84.15 29.569 32.13 

DFF 27.99 36.09 8.10 5.609 6.60 

D50F 24.83 39.77 14.94 4.93 6.37 

NNPP 20.36 37.94 17.59 13.61 19.97 

NFNPP 6.82 9.09 2.27 31.18 35.94 

NFPP 67.75 72.81 5.06 39.67 41.10 

FL 39.89 44.76 4.87 39.73 41.97 

FD 34.73 42.32 7.59 19.71 21.41 

FW 125.88 140.75 14.87 34.38 36.30 

NRPF 0.95 1.26 0.31 11.70 13.25 

FYPP 96141.87 99122.70 2980.83 46.87 47.49 

3.4 Heritability and genetic advance 

In Figure 1, the heritability estimates and genetic advance as a percentage of mean at 5% selection intensity are pre-

sented. All traits were found to have high heritability (72.0% to 97.4%), except for days to 50% flowering, primary 

branch, and nodes numbers per plant, which are moderately heritable with values of 46.4%, 58.4%, and 59.8%, respec-

tively. Fruit yield per plant (97.4%) had the highest heritability, followed by the number of secondary branches per 

plant (94.7%), number of nodes per plant (93.17%), fruit weight (89.7%), fruit length (89.6%), plant height (86.4%), 

fruits diameter (84.8%), plant spread in East-West direction (84.7%), plant spread in North-South direction (80.2%), 

number of fruited-nodes per plant (75.3%) and days of first flowering (72.4%). A genotype improvement program's 
success is directly related to the extent of genetic variation in the population. The GCV should be considered along with 

heritability estimates when determining how much heritable variation is present. The heritability values of the important 

traits studied were generally high to moderate, allowing simple selection to improve these traits. Alternatively, selection 

might become problematic or nearly impractical for traits with low heritability because of the masking effect of the en-

vironment on genotypic effects [52]. Ultimately, understanding trait variability and heritability is critical for identifying 

traits amenable to genetic improvement through selection [53]. Based on the findings of the present study, all of those 

traits with high or moderate heritability were reliable selection traits, and it has been demonstrated that genetic im-

provement in okra yield can be achieved by combining traits with moderate to high heritability with fruit yield. 

On the other hand, the GAM ranged between 8.1% (days to 50% flowering) and 95.0% (fruit yield per plant) (Figure 

1). Of the 15 traits, about 13 traits had high estimates of GAM viz., fruit yield per plant (95.0%), number of secondary 

branches per plant (88.9%), number of nodes per plant (78.8%), fruit length (77.1%), fruit weight (66.9%), plant spread 
in North-South direction (58.9%), plant spread in East-West direction (58.2), number of fruiting nodes per plant 

(55.6%), number of primary branches per plant (46.5%), fruit diameter (36.5%), plant height (30.5%), number of nodes 

per plant (21.6%), and number of ridges per fruit (20.7%). Whereas moderate GAM was recorded for days of first flo-

wering (10.4%). 
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As a measure of the transmissibility of a trait, heritability is commonly used as an indicator of the effectiveness of 

selection [19]. To improve a trait's heritability [54], it must have a large number of fixable additive genes and a small 

environmental contribution to the trait's phenotype expression. Therefore, selection can improve these traits, but it does 

not signify genetic progress. While the genetic advance is the improvement in the traits of a selected population over the 

base population and indicates whether the traits are controlled by additive genes or not, in such a way that where the 
GAM is higher the traits are controlled by additive genes [55]. A selection's effectiveness is not solely dependent on 

heritability, but also on genetic advance [56]. Hence, a combination of heritability and genetic gain offers a more relia-

ble prediction of selection improvement than either heritability or genetic advance alone. While selecting based on he-

ritability, a breeder must take into account both additive and non-additive gene effects. Growth traits viz., plant height, 

number of secondary branches per plant, spread in North-South direction, and spread in East-West direction were ob-

served to have high heritability estimates coupled with high GAM based on the data illustrated in Figure 1. Similarly, 

high heritability accompanied by high GAM was observed for the number of fruited-nodes and number of fruit per plant, 

fruit diameter, fruit length, fruit weight, number of ridges per fruit, and fruit yield per plant. This revealed that these 

traits were less influenced by the environment, and simply inherited traits governed by a few major genes or additive 

gene action even if, they were under polygenic control. 

This illustrates the usefulness of selection based on phenotypic performance, which increases yield [55]. High herita-
bility along with high genetic advance as a percent of mean was also reported by Raval et al. [41], Kelemoge et al. [32], 

Melaku et al. [37], Sravanthi et al. [44], and Rai et al. [34] for plant height, by Melaku et al. [37], Sravanthi et al. [44], 

and Awasthi et al. [50] for the number of fruit per plant, and by Demelie et al. [40], Adewusi and Adeweso [46], and 

Sravanthi et al. [44] for fruit length. Similar results were also reported for fruit diameter by Goswami et al. [51], Verma 

et al. [42], Melaku et al. [37], and Awasthi et al. [50], and for fruit weight by Kelemoge et al. [32], Melaku et al. [37, 

and Sravanthi et al. [44]. Although, these results show similarities with the findings of Yadav et al. [49], Adewusi and 

Adeweso[46] andMelaku et al. [37] for the ridges number of the fruit, and Raval et al. [41], Verma et al. [42], Melaku et 

al. [37], Sravanthi et al. [44] and Awasthi et al. [50] for fruit yield per plant. 

As a result of moderate heritability and high GAM for primary branches and nodes per plant, these traits are inherited 

by both additive and non-additive genes. Progeny selection or any modified selection procedure that exploits the addi-

tive effects of genes offers the best opportunity for improvement. This is in accord with Priyanka et al. [31], Raval et al. 

[41], and Sravanthi et al. [44]. Although moderate heritability is associated with low GAM for days up to 50% flower-
ing, this may be the result of favorable environmental conditions or nonadditive gene action rather than genetics. 

Therefore, simple selection on phenotypic performance may not be rewarding due to the predominance of non-additive 

genes rather through hybridization or heterosis breeding by the development of hybrid and also by exploitation of 

transgressive segregants [55]. This result is agreed with Rathava et al. [6], Sravanthi et al. [44], and Rai et al. [34]. 

 

Figure 1. Graphical representation of broad sense heritability (𝑯𝒃𝒔
𝟐 ) and genetic advance as percent of the mean (GAM) for 

different traits. 
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4. Conclusion 

Considerable genetic variability was present among the okra genotypes selected in the study. The trend of GCV was 

almost similar to PCV with higher values for most of the traits studied. Throughout this study, it was seen that most of 

the traits exhibited a sufficient amount of genetic variability, high heritability along with genetic advances was observed 

in traits like fruit yield and secondary branches number per plant, the number of fruit per plant, fruit weight, fruit length, 

plant height, fruit diameter, plant spread in East-West direction, plant spread in North-South direction, the ridges num-

ber of fruit, and the number of fruiting nodes per plant, which indicated there is an expression of additive gene action, 

and are likely to be operated by additive genes. Improvement in these characters would be effective by selection based 

on phenotype. 
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