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ABSTRACT 

Okra is a traditional vegetable crop in Ethiopia but it has not given research attention and 

considered a minor crop. Therefore, this study was initiated with the objectives of estimating variability, 

heritability and genetic advance for tender fruit yield and yield related traits of Ethiopian okra 

collections. A total of 35 okra landraces from three districts (Guba, Mandura and Dangure) were 

evaluated for 22 agro-morphological and eight qualitative traits in 2017 at Pawe Agricultural Research 

Center in randomized complete block design. Results of analysis of variance showed significant 

differences among okra landraces for all traits and the landraces also distributed in different categories 

of qualitative traits. The landraces had number of tender fruits per plant ranged from 4.86 to 36.54 and 

2.49 to 21.98 t ha-1 mean fruit yield per hectare. The estimates of genotypic (GCV) and phenotypic 

coefficients of variation (PCV) for 22 traits of 35 okra landraces were in the range between 2.95 and 

54.92 and 4.96 and 55.22%, respectively. The broad sense heritability (H2) and genetic advance as 

percent of mean (GAM) estimated in the range between 35.36 and 99.6% and 3.62 and 112.66%, 

respectively. High GCV, PCV, H2 and GAM was estimated for plant height, number of primary 

branches/stem, internodes length, number of matured fruits per plant, weight of matured fruits per plant, 

dry weight of matured fruits/plant, number of seeds per fruit, number of tender fruits per plant and yield 

per hectare indicated the high heritability was due to the close correspondence between the genotypic 

and phenotypic variations as a result of relatively small contribution of the environment to the phenotype 

expression of the traits. The study results showed the presence of genetic variation among landraces for 

all traits suggested that selection could be effective to develop okra varieties for high fruit yield and 

other traits 
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1.  INTRODUCTION 

 

Okra [Abelmoschus esculentus (L.) Moench] is a warm-season annual herbaceous 

vegetable crop grown primarily for immature fruits (Yildiz et al., 2015). Okra apparently 

originated in what the geo-botanists call the Abyssinian center of origin of cultivated plants, an 

area that includes present day Ethiopia, the mountainous or plateau area of Eritrea, and the 

eastern, higher part of the Anglo-Egyptian and Sudan. It is one of the oldest cultivated crops 

and presently grown in many countries and is widely distributed from Africa to Asia, southern 

Europe and America (Kumar et al., 2013; Sathish et al., 2013; Esther, 2018; Monday, 2017). 

As center of origin of okra Ethiopia is expected to have rich genetic diversity in the 

species. The presence genetic diversity among okra landraces will play significant role in 

breeding program as it helps to develop high yielding okra varieties. It is important for selection 

and breeding to desired plant landraces (Prakash et al., 2017). A wide variability recorded for 

pod yield among the genotypes of different geographic locations has been reported in Ethiopia 

(Mihretu et al., 2014; Muluken et al., 2015 and 2016; Tesfa and Yosef, 2016; Wassu et al., 

2017). The morphological variation observed in these studies is an indicative of differences in 

the genetic makeup of germplasm. Although few of these studies reported that some of the traits 

are highly heritable and could be used in the selection process during improvement programs, 

further studies are required to determine the association of traits in okra. 

The recently conducted research tried to characterize and reported the presence of 

diversity in okra collection in Ethiopia (Miheretu et al., 2014; Muluken et al., 2015 and 2016; 

Tesfa and Yosef, 2016; Wassu et al., 2017). However, these studies did not focus to assess the 

genetic variability among okra genotypes in each major okra growing region in Ethiopia. Okra 

is traditionally cultivated from landraces and low exchange of genotypes among farmers of 

southwestern and western parts of Ethiopia (Mihretu et al., 2014; Tesfa and Yosef, 2016). 

Therefore, it is necessary to generate genetic variability of okra landraces and 

morphological differences among okra landraces of Ethiopia that can be exploited in breeding 

programs to develop high yielding varieties and to improve the quality. The objectives of this 

study were to estimate variability of tender fruit and various agro- morphological traits in 

Ethiopian okra collections and to estimate heritability and genetic advance of tender fruit and 

various agro morphological traits in Ethiopian okra collections.  

 

 

2.  MATERIALS AND METHODS 

2. 1. Description of Experimental Site 

The experiment was conducted at Metekel Zone, Pawe district which is located 575 km 

from Addis Ababa. The experimental site was located at Pawe Agricultural Research Center 

and has an elevation of 1120 meters above sea level at latitude of 11°18′ N and longitude of 

36°24′ E. Pawe was situated in the hot humid agro-ecological zone that was well known for 

okra cultivation by the farmers. The experiment was conducted on vertisol soil type with a pH 
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of 6.5. The area was characterized by a long season of rainfall which the main rainy season falls 

primarily from early May to late October with mean annual rainfall of 980-1587 mm per year 

and the average annual minimum and maximum temperatures are 16 °C and 32 °C, respectively. 

 

2. 2. Experimental Materials and Design 

Thirty-five okra landraces, which have been collected by Pawe Agricultural Research 

Center, were used for this study in 2017 rainy season. The landraces were planted in a 

Randomized Complete Block Design (RCBD). Each landraces was sown in single-row plot to 

minimize environmental variations associated with large plots and in three replications. Each 

row was 6.3 m long with a row-row distance of 1 m and 45 cm plant-to-plant. With 45 cm plant-

to-plant, spacing there were 14 plants per row. The pictures of the okra grown on the field are 

presented in Figure 1 and 2. 

 

                       
 

  Figure 1. The Okra plant                                  Figure 2. Okra evaluation on the field 

 

 

2. 3. Data Collection 

Quantitative traits data were recorded from 12 plants per row left the two plants grown at 

both end of the rows as border plants. The 10 plants, which were grown at the center of each 

row, were used to record growth, phenology and tender fruits characters and to estimate tender 

fruit yield. International Plant Genetic Resources Institute (IPGRI, 1991) descriptor list for okra 

species was used to record the quantitative traits.  

 

2. 3. 1. Quantitative traits:  

Phenology and growth traits recorded from days to 50% flowering, days to maturity, plant 

height (cm), stem diameter (mm), number of primary branches per stem, number of internodes, 

internodes length (cm), leaf length (cm), leaf width (cm) and number of epicalyxes. Fruit and 

yield traits were recorded from peduncle length (cm), fruit length (cm), fruit diameter (cm), 

average fruit weight (g), number of tender fruits per plant, number of ridges on fruit, yield per 

hectare (t/ha), number of matured pods per plant, dry weight of matured pods per plant (g/plant), 

number of seeds per pod and hundred seed weight (g). 
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2. 3. 2. Qualitative Traits  

The qualitative traits were recorded on plot basis according to International Plant Genetic 

Resources Institute (IPGRI, 1991) descriptor list for okra species as follows. Such as plant habit, 

flower color, leaf color, leaf petiole color, pod color, stem color, leaf shape and fruit position 

on main stem were recorded. 

 

2. 4. Data Analysis 

2. 4. 1. Analysis of Variance 

Data on quantitative characters were subjected to analysis of variance (ANOVA) using 

SAS version 9.4 (SAS, 2019) to test the presence of significant differences among accessions 

for the traits measured. Traits, which exhibited significant mean squares, were considered to 

further genetic analyses viz., Divergence analysis (D2), Path coefficient analysis, Phenotypic 

Coefficient of Variation (PCV), Genotypic Coefficient of Variation (GCV), broad-sense 

Heritability (H2) and Expected Genetic Advance as percentage to mean (GAM). Duncan’s 

Multiple Range (DMRT) was employed to identify genotypes that were significantly different 

from each other. Descriptive statistics was used for qualitative traits data.  

 

2. 4. 2. Estimation of Variability  

The variability of each quantitative trait was estimated by simple measures, such as, 

mean, range, standard deviation, phenotypic and genotypic variances and coefficients of 

variation. The phenotypic and genotypic coefficients of variation were computed using the 

formula suggested by Burton and de Vane (1953) as follows. 

 

( )
r

g  varianceGenotypic
eMStMS

2
−

=
 

where: 
 

δ2 g = genotypic variance 

MSt = mean square of treatment 

MSe = mean square of error  

r = number of replications 

 

 
 

where:  

δ2g = Genotypic variance 

δ2e = Environmental variance 
 

Phenotypic coefficient of variation (PCV) = 
√𝜎2

𝑝

X̅
 × 100 

 

Genotypic coefficient of variation (GCV) = 
√𝜎2

𝑔

X̅
 × 100 

X̅ = Population mean of the character being evaluated 
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2. 4. 3. Heritability and Genetic Advance 

2. 4. 3. 1. Heritability in broad sense 

Broad sense heritability values were estimated based on the formula of Falconer and 

Mackay (1996) as follows: 

 

𝐻2 =
𝜎2𝑔

𝜎2𝑝
∗ 100 

where:  
 

H2 = heritability in the broad sense. 

σ2p = Phenotypic variance 

σ2g = Genotypic variance 

 

2. 4. 3. 2. Expected genetic advance under selection 

Genetic advance in absolute unit (GA) and percent of the mean (GAM), assuming 

selection of superior 5% of the genotypes were estimated in accordance with the methods 

illustrated by Johnson et al. (1955) as: 

 

GA = K * SDp * H2 

 

where:  

GA = Genetic advance 

SDp = the phenotypic standard deviation on mean basis; 

H2 = heritability in the broad sense 

k = the standardized selection differential at 5% selection intensity (K = 2.063) 

 

2. 4. 3. 3. Genetic advance as percent of mean  

Genetic advance as percent of mean was estimated as follows: 

 

GAM =  
GA

X̅
∗ 100 

 

where:  

GAM = Genetic advance as percent of mean  

GA = Genetic advance 

X̅ = Population mean of the character being evaluated 

 

 

3.  RESULTS AND DISCUSSION 

3. 1. Analysis of variance 

Mean squares from analysis of variance for quantitative traits revealed the presence of 

highly significant (P<0.01) differences among the 35 landraces (Table 1). The analysis of 

variance result indicated the presence of variability among Ethiopian okra landraces collections 
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of the traits studied. This variability can be exploited through selection to improve the crop for 

desired traits. Muluken et al. (2016), Mihretu et al. (2014) and Tesfa and Yosef (2016) also 

observed highly significant differences among okra genotypes for most of the traits.  

 

Table 1. Estimates of range, mean and variability components of 25 okra genotypes e 

valuated at Pawe 2017. 

 

Traits Range Means SE δ2 g δ2 p GCV PVC H2 GA 
GA 

(%) 

DFF 60 - 105 86.17 14.71 212.64 216.28 16.92 17.07 98.32 29.83 34.62 

NDM 80 - 146 109.80 18.34 303.04 336.21 15.85 16.70 90.13 34.09 31.05 

PH 1 - 2 1.52 0.41 0.16 0.16 26.21 26.78 95.77 0.80 52.91 

STD 2 - 3 2.27 0.28 0.06 0.08 11.01 12.47 78.06 0.46 20.07 

NPBS 1 - 5 2.59 0.79 0.60 0.62 30.00 30.53 96.57 1.57 60.81 

NIN 16 - 24 19.53 2.13 3.31 4.54 9.31 10.91 72.84 3.20 16.40 

INL 3 - 9 5.81 1.70 2.79 2.87 28.75 29.16 97.16 3.40 58.45 

LL 13 - 21 16.64 2.02 3.48 4.09 11.21 12.15 85.13 3.55 21.34 

LW 15 - 27 21.22 2.27 6.69 7.47 12.19 12.88 89.58 5.05 23.80 

NE 9 - 11 9.69 0.53 0.15 0.28 4.06 5.48 54.79 0.60 6.19 

NRG 7 - 10 8.81 0.81 0.63 0.65 9.02 9.14 97.40 1.62 18.36 

PDL 2 - 3 2.80 0.31 0.08 0.10 10.00 11.02 82.22 0.52 18.70 

FL 5 - 9 7.39 1.04 0.96 1.08 13.23 14.08 88.29 1.89 25.64 

FD 1 - 2 1.87 0.25 0.00 0.01 2.95 4.96 35.36 0.07 3.62 

AFW 9 - 20 14.69 2.93 7.98 8.56 19.23 19.92 93.19 5.63 38.29 

NMFP 3 - 35 15.56 7.64 57.36 58.30 48.68 49.08 98.38 15.50 99.62 

WMFP 47 - 338 172.24 76.30 5753.15 5822.00 44.04 44.30 98.82 155.55 90.31 

DWMFP 7 - 138 83.81 32.48 1051.02 1055.24 38.68 38.76 99.60 66.75 79.64 

NSF 13 - 83 53.04 18.45 337.36 340.23 34.63 34.78 99.16 37.73 71.14 

HSW 5 - 8 6.38 0.80 0.56 0.64 11.72 12.51 87.67 1.44 22.63 

NTFP 5 - 37 16.63 9.19 83.45 84.38 54.92 55.22 98.90 18.74 112.66 

YLDH 2 - 22 10.78 5.74 33.06 33.37 53.14 53.39 99.06 11.81 109.11 

DFF= Days to 50% flowering; NDM=Days maturity; PH= Plant height (m); STD= Stem diameter 

(mm); NPBS= Number of primary branches per stem; NIN= Number of internodes; INL= Internodes 

length (cm); LL= Leaf length (cm); LW= Leaf width (cm); NEP= Number of epicalyxes; NRG= 

Number of ridge; PDL= Peduncle length (cm); FL= Fruit length (cm); FD= Fruit diameter (cm); 

AFW= Average fruit weight (g); NMFP= Number of matured fruits per plant; WMFP= Weight of 

matured fruits per plant (g); DWMFP= Dry weight of matured fruits per plant (g); NSF= Number of 

seeds per fruit; HSW=hundred seed weight (g ); NTFP= Number of tender fruits per plant; YLPH= 

Yield in ton per hectare 
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3. 2. Mean performances of genotypes and range  

Estimated wide range of variation in traits studied was observed (Tables 1). Mean values 

of landraces were in the range of 5 and 37 for number of tender fruits per plant and 2 and 22 t 

ha-1 Yield per hectare. The landraces had 16.63 and 10.78 t ha-1 overall mean values for number 

of tender fruits per plant and yield per hectare, respectively. The highest mean value for average 

fruit weight, fruit length and fruit width were recorded for the okra accessions (Ma-34 and Ma-

33) collected from Mandura and (Gu-2) from Guba respectively. While, the highest number of 

tender fruits per plant and fruit yield per hectare exhibited for okra accessions (Gu-12) obtained 

from Guba. The lowest yield per hectare was (Gu-47) obtained from Guba. This shows that 

Guba district has the diversity of okra accession with greater variability for exploitation of 

desirable traits for overall yield and productivity improvement. This result is supported 

Muluken et al. (2016) who reported that wide range of mean values for 25 quantitative traits of 

23 local okra accessions collected and two exotic varieties.  

 

3. 3. Estimates of Genetic Parameters 

3. 3. 1. Estimates of Phenotypic and Genotypic Variance Components 

The estimates of phenotypic (σ2p) and genotypic (σ2g) variances, and phenotypic 

coefficients of variation (PCV) and genotypic coefficients of variation (GCV) are given in 

Table 1. The estimates of genotypic and phenotypic coefficients of variation for 22 traits of 35 

okra landraces were in the range between 2.95 and 54.92 and 4.96 and 55.22 %, respectively. 

The lowest and highest estimates of GCV and PCV were for fruit diameter and number of tender 

fruits per plant, respectively.  

Deshmukh et al. (1986) regarded PCV and GCV as high, medium and low if values >20, 

10-20 and <10%, respectively. According to this rating, plant height, number of primary 

branches/stem, internodes length, number of matured fruits per plant, weight of matured fruits 

per plant, dry weight of matured fruits/plant, number of seeds per fruit, number of tender fruits 

per plant and yield per hectare (t ha-1) had high estimates of PCV and GCV. This showed that 

the correspondence of genotypic and phenotypic expression of the okra landraces for these 

traits. This suggested that these traits were less influenced by environmental factors and 

selection based on phenotypic expression of the landraces could be applied as breeding method 

to improve the traits. Bharathiveeramani et al. (2012) and Nwangburuka et al. (2012) suggested 

that the high phenotypic and genotypic coefficients of variation is an indication of the less 

influence of environmental factors in the expression of traits and the higher chance to improve 

the traits through selection breeding. 

Moderate GCV and PCV values were estimated for days to 50% flowering, days to 

maturity, leaf length, leaf width, peduncle length, fruit length, average fruit weight and 100 

seed weight. The estimates of PCV and GCV were low for stem diameter, internodes number, 

number of epicalyxes, number of ridges and fruit diameter. The lower GCV than PCV values 

for the traits reflects the apparent variation is not only due to genotypic effect but it is also the 

involvement of environmental effects (Ehab et al., 2013; Kishor et al., 2016). 

This findings of this study was in agreement with the observation of Vrunda et al. (2018) 

that high magnitude of PCV and GCV were estimated for number of branches per plant, fruit 

yield/plant, internodes length, number of fruits/plant and plant height. Sibsankar et al. (2012) 

reported high PCV and GCV values for fruit yield per plant, numbers of fruit per plant and plant 

height. Rambabu et al. (2019) for days to 50% flowering, days to first harvest and 100 seed 
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weight and Khalid et al. (2018) for average fruit weight estimated high PCV and GCV values. 

Muluken et al. (2016) observed high GCV and PCV for number of branches per plant, fruit 

length, fruit yield ha-1, number of mature fruits per plant and fresh weight of mature fruits per 

plant as well as moderate GCV and PCV for days to 50% flowering, days to maturity, stem 

diameter, number of internodes per plant, peduncle length, fruit diameter, fruit ridges, number 

of seeds per fruit and 100 seed weight. Mihretu (2013) findings showed that medium GCV 

values were estimated for days to 50% flowering, leaf length and leaf width. 

 

3. 3. 2. Estimates of Heritability and Expected Genetic Advance 

The broad sense heritability (H2) and genetic advance as percent of mean (GAM) for 22 

traits of 35 okra landraces estimated in the range between 35.36 and 99.6% and 3.62 and 

112.66%, respectively. The lowest H2 and GAM values were estimated for fruit diameter, 

whereas the highest H2 and GAM values were estimated for dry weight of matured fruits/plant 

and number of tender fruits per plant, respectively (Table 1). 

As suggested by Johnson et al. (1955), heritability values are categorized as low (<30%), 

moderate (30-60%) and high (>60%), and genetic advance as percent of mean categorized as 

low (< 10%), moderate (10–20%) and high (>20%). Accordingly estimates of High H2 and 

GAM were high for most of the traits except high H2 coupled with moderate GAM for 

internodes number, number of ridges and peduncle length and moderate H2 accompanied with 

low GAM for number of epicalyxes and fruit diameter. The high heritability would be a close 

correspondence between the genotypic and phenotypic variations due to relatively small 

contribution of the environment to the phenotype expression of the trait (Singh et al., 1990). 

PhaniKrishna et al. (2015) suggested that selection based on phenotypic performance of 

genotypes would be effective to improve the traits for which high genetic advance as per cent 

of mean coupled with high heritability estimates.  The low estimates of GAM for traits indicated 

performances of genotypes for the traits were influenced by environmental factors and hence, 

genetic improvement through selection is difficult due to masking effects of the environment 

on the genotypic effects (Johnson et al., 1955). 

Muluken et al. (2015) and Mihretu et al. (2014) reported high values both for heritability 

and genetic advance for most of growth, tender fruit and fruit yield related traits in okra 

genotypes collected from different parts of the country. High heritability along with moderate 

GAM for the character internode number, number of ridges and peduncle length, hence, 

selection based on the phenotype performances of genotypes for these traits was suggested as 

rewarding. In agreement with this study results Adewusi and Adeweso (2018) also reported for 

edible pod length, dry fruit weight, number of seeds per fruit, number of fruits per branch and 

seed yield per plant. 

The importance of considering both the genetic advance and heritability of traits was 

suggested than considering parameters separately to estimate how much progress can be made 

through selection (Johnson et al., 1955; Sibsankar et al., 2012). High GCV along with high 

heritability and high genetic advance will provide better information than single parameters 

alone (Sahao et al., 1990). In this study plant height, number of primary branches, internodes 

length, number of seeds per fruit, number of matured fruits per plant, weight of matured fruits 

per plant, dry weight of matured fruits per plant, number of tender fruits per plant and yield per 

hectare exhibited high genotypic coefficients of variation, high heritability coupled with high 

genetic advance as percent of means. This suggested improvement through selection of 

genotypes for high performance could be effective. 
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3. 4. Qualitative Characters 

3. 4. 1. Plant growth habits 

The branching position at main stem was densely branched at the base (DBB) for 91% of 

okra landraces and 9% landraces had densely branched all over the main stem (DBO) (Figure 

1). Comparable result was reported by Muluken et al. (2016) that 92% of okra genotypes had 

densely branched base (DBB) and only 4% of genotypes had non-branched growth habit. The 

44, 46 and 10% of okra landraces had erect, intermediate and horizontal arrangement of position 

of fruit on main stem, respectively. Oppong-Sekyere et al. (2011) reported that 60% 

intermediate, 20% erect position, 12% horizontally for okra genotypes while only 4% had 

slightly falling. Adeoluwa and Kehinde (2011) reported two types of fruit position viz. 40% 

and 60% of genotypes fruit position was horizontal and erect, respectively. Muluken et al. 

(2016) found that 68% of okra genotypes fruits positioned erect and 32% of genotypes fruits 

positioned intermediate on main stem. This showed that okra genotypes had different branching 

position at main stem and arrangement of position of fruit on main stem that could be as 

morphological markers for varieties. 

 

3. 4. 2. Leaf shape characteristics  

The leaf shape for okra landraces were 18% of oval undulate, 25% of heart-shaped, 26% 

star shaped (palmately lobed) and 31% of okra landraces palmately lobed with serrated margins 

(Figure 3). Comparable result was reported by Muluken et al. (2016) for 48% heart shapes, 

28% broadly ovate shape, 16% star shaped and 8% palmately lobed with serrated margins. 

These results indicate that there may a possibility of using these characters as a morphological 

marker.  

 

 
 

 (a) 



World Scientific News 171 (2022) 49-64 

 

 

-58- 

 
 

 

 

 
 

 

 

Figure 3. Number of okra landraces as distributed into categories of plant growth habit (a), 

position of fruit on main stem (b) and shape of leaf (c) evaluated at Pawe 2017 

(b) 

(c) 
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3. 4. 3. Pigmentation characteristics  

Flower color was showed red color at inside only for 26% of okra landraces and 74% 

landraces had showed red color at both sides (Figure 4). This finding supported by Mihretu, 

(2013) with 36% of red coloration at both sides and 64% only inside. The 87 and 13% of okra 

landraces had green and green with red veins leaf colors, respectively. Leaf petiole color for 

okra landraces was showed green of 29%, red above but green below of 41% and 30% landraces 

had red on both side. Muluken et al. (2016) reported that for leaf color with 80% green and 

20% green with red veins and for petiole color 16% green, 76% red above only and 8% red on 

both sides.  

The pods color was green for 94% of okra landraces and 6% landraces had red color. 

Different result reported Daniel (2011) who reported that fruits color with 72% of the landraces 

produced green fruits while 8% displayed green-with-red-spotted fruits, dark green to black 

fruits and green to yellow-fruits respectively and 4% of the landraces had fruits tinged purple. 

27, 41 and 32% of okra landraces had green, green with red patch and red or purple stem colors, 

respectively.  

Tesfa and Yosef (2016) reported that for stem color 31.5% green, 17.8% red and 50.7% 

green with red patches. Furthermore, the variability in qualitative characters exhibited by okra 

collection point out that, in the studied landraces, a good possibility exists of finding a range of 

desirable traits to meet demands for specific attributes requested by researchers, farmers and 

consumers. 

 

 
 

 

 
(a) 
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Figure 4. Number of okra landraces as distributed into categories of Flower color (a) Leaf 

color (b), Leaf petiole color (c), Pod color (d) and Stem color (e) evaluated at Pawe 2017 

 

(d) 

(e) 
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4.  CONCLUSION  

 

Analysis of variance computed for 22 quantitative traits revealed the presence of highly 

significant (P<0.01) differences among the 35 landraces. The okra landraces showed abroad 

variation for qualitative traits. This observed morphological difference among landraces will 

allow breeder to use as a marker to identify promising landraces for okra breeding in Ethiopia. 

The result of this study revealed a possibility of improving the crop through selection of high 

performing local collections because local collections performed hifor all economically 

important traits considered. This suggested the importance of further collection, maintaining 

and study of Ethiopian okra landraces collections to exploit the genetic variability among 

Ethiopian okra landraces collections aswell as for variety development of okra genotypes in the 

country. 
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