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ABSTRACT 

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

and considered a minor crop. Thus, this study was conducted to characterize and evaluate okra landraces 

and to estimate genotypic, phenotypic variability and genetic divergence and to estimate heritability and 

genetic advance under selection, degree of genotypic and phenotypic associations among yield and yield 

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

evaluated for 21 agro-morphological 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. Fruit yield per hectare had positive and significant genotypic and phenotypic correlation 

coefficients with weight of matured pods per plant, dry weight of matured pods per plant, hundred seed 

weight, number of tender fruits per plant and leaf length. Fruit yield per hectare had positive and 

significant phenotypic correlation coefficients with number of ridge and peduncle length. These traits 

also had positive direct effects on fruit yield at genotypic and phenotypic levels except leaf length 

exerted negative direct effect on yield at phenotypic level. This suggested direct and simultaneous 

selection of genotypes for yield and these traits is possible. The study results showed the presence of 
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genetic variation among landraces for all traits suggested that selection could be effective to develop 

okra varieties for high fruit yield and other traits. 

 

Keywords: Quantitative traits, Genotypic, Phenotypic, Heritability and Genetic advance, Okra, 

Abelmoschus esculentus 

 

 

 

1.  INTRODUCTION 

 

Okra [Abelmoschus esculentus (L.) Moench] is one of the most popular vegetables in the 

world and belongs to Malvaceae family. It needs extend, hot and humid growing period (Abd 

El-Kader et al., 2010). The geographical origin of okra based on ancient cultivation in East 

Africa, suggested that it is originated somewhere around Ethiopia, and it was cultivated by the 

ancient Egyptians by the 12th century BC (Benchasri, 2012). It is the most ancient and 

traditional vegetable crop grown in tropical and sub-tropical low land regions of the world 

(Rambabu et al., 2019). In 2017, the total world production of okra is 9.6 million-ton pods of 

which India contributes 62%, Nigeria 21%, Sudan 3%, Mali 2.11%, Côte d'Ivoire 1.64% and 

Niger 1.59% (FAOSTAT, 2017). 

Okra plays a significant role in human nutrition by providing carbohydrates, protein, fat, 

minerals and vitamins that are generally deficient in basic foods. Mature okra seeds are good 

sources of protein and oil (Habtamu et al., 2015). 

In Ethiopia the economic importance of okra is negligible. The species is cultivated and 

utilized as vegetable in some parts of the country while in other parts of the country, it is grown 

as wild plant and its utilization is very limited. In Ethiopia Regions like Gambella and 

Beneshangul Gumuz have been planting for its fruit and leaf to use as a food and different 

diseases treatments (Tesfa and Yosef, 2016). However, the crop has a potential to be used for 

food security and tackling the crucial malnutrition problem. It has also a potential to be export 

commodity to the neighboring and Arab countries which are known as a heavy consumers and 

importers of the crop (Wassu et al., 2017; 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 major role in selection 

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). In recent year 2016 the first 

improved variety (Bamia Humera) has been released for cultivation (MoANR, 2016). Okra 

breeding activity in Ethiopia to exploit the rich genetic resource is very limited and little works 

have been conducted in collection and characterization of landraces and wild plants (Tesfa and 

Yosef, 2016; Muluken et al., 2016; Wassu et al., 2017).  

Characterization, evaluation and diversity study of okra landraces collection was not 

attempted in Metekel Zone where, the crop is a traditional vegetable and information is lacking 

on genetic divergence, phenotypic and genotypic variance as well as heritability and 

interrelationships of yield and yield associated traits in okra landraces collected from Metekel 

Zone in particular and from Ethiopia at large. Therefore, study of Metekel Zone's okra landraces 

would generate valuable information that can be exploited in breeding programs to develop 

high yielding varieties and to improve the quality. In view of these, the experiment is initiated 

with the objective to characterize, evaluate and estimate the degree of genotypic and phenotypic 

associations among yield and yield related traits of Metekel Zone's okra landraces. 
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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 

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 (Table 1 and Figure 1). 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. 

 

Table 1. List of okra landraces and collection sites. 

 

Landraces Source District Landraces Source District 

Gu-2 Guba Ma-24 Mandura 

Gu-3 Guba Ma-25 Mandura 

Gu-4 Guba Ma-29 Mandura 

Gu-5 Guba Ma-30 Mandura 

Gu-6 Guba Ma-31 Mandura 

Gu-7 Guba Ma-32 Mandura 

Gu-8 Guba Ma-33 Mandura 

Gu-9 Guba Ma-34 Mandura 

Gu-11 Guba Ma-35 Mandura 

Gu-12 Guba Ma-37 Mandura 

Gu-14 Guba Ma-39 Mandura 

Gu-17 Guba Da-40 Dangure 

Gu-18 Guba Da-41 Dangure 

Gu-20 Guba Da-42 Dangure 

Gu-21 Guba Da-43 Dangure 

Gu-22 Guba Da-45 Dangure 

Gu-23 Guba   

Gu-27 Guba   

Gu-47 Guba   
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Figure 1. Map of okra landrace collection sites. 
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2. 3. Field Management  

Ahead of sowing, seeds were soaked overnight in water to get uniform germination, good 

stand, then three seeds per hole were placed at the depth of 3 to 5 cm and the seedlings were 

thinned to one plant per stand two weeks after germination. Furrow irrigation was used in one-

week interval. Weeding was commenced at two weeks after sowing and subsequent weeding 

was carried out at 7 and 12 weeks. Fertilizer was used as local growers’ practice. Regular plant 

protection measures were carried out to safeguard the crop from pests and diseases. Okra pods 

were harvested while still tender, which was usually 5 to 6 days after flowering. Two plants 

were un-harvested plants next to these side plants at the beginning and end of rows, which were 

left completely un-harvested until complete pod maturity (pods turn brown and dry). 

 

2. 4. 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. The two plants next to the border plants in each row were used to estimate mature 

pods characters and 100 seeds weight. International Plant Genetic Resources Institute (IPGRI, 

1991) descriptor list for okra species was used to record the quantitative traits. Based on the 

descriptor the following quantitative traits were recorded: 

 

2. 4. 1. Crop phenology and growth traits 

Days to 50% emergence: Number of days from sowing to 50% seedling emergence was 

recorded. 

Days to 50% flowering: The number of days taken from the date of sowing to the day on which 

50 percent of the plants in each row produce flower was recorded. 

Days to maturity: The average number of days from sowing to the date of first harvest of 10 

sample plants of the central rows was recorded.  

Plant height (cm): The height of 10 plants from each plot from the ground level to the tip will 

be measure at the time of final harvest and the average was considered for statistical 

analysis. 

Stem diameter (cm): Stem diameter at the basal region of plants was measured at the time of 

final harvest. 

Number of primary branches per stem: The total number of primary branches per plant was 

counted at final picking and average of 10 plants will be calculated. 

Number of internodes: The total number of internodes per plant was counted at final picking 

and average of 10 plants will be calculated. 

Internodes length (cm): The length of the internodes between the fifth and sixth node were 

measured at time of maturity before the first tender fruit harvest. 

Leaf length (cm): The length of 15 leaves on the main stem from each plot was sampled 

randomly from ninth and eleventh node when the plants came into flowering. As the 

leaves from seventh node onwards are representative of the shape and the size of the 
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variety. Leaves will be measured from the attachment of the base of the leaf and petiole 

to the tip of the leaf. 

Leaf width (cm): The width of 15 leaves on the main stem from each plot was sampled 

randomly from ninth and eleventh node when the plants came into flowering. Leaves 

were measured from the widest part of the leaf. 

Number of epicalyxes: The number of epicalyxes flowers of the five samples per plant at 

flowering stage from each plot was counted. 

 

2. 4. 2. Fruit characteristics and yield 

Pods were harvested three times per week, and number and weight of all tender fruits 

were recorded in each harvest. Data from each harvest was summed at the end of the growing 

season to estimate number of tender fruits/plant and tender fruits weight/plant. Average tender 

fruits weight was calculated by dividing the total weight of tender fruits from all harvest to the 

total number of tender fruits harvested. Five randomly chosen tender fruits from each harvest 

in each plot and totally, not less than fifty tender fruits from each plot were used to record 

average tender fruits diameter, length, pedicel length and number of ridges. From two plants 

next to the side plants/border plants, all mature pods that were produced between the 6th and 

20th nodes were harvested at the end of the growing season to collect data on number and weight 

of matured pods/plant, dry weight of matured pods/plant, seed number/pod and 100 seed 

weight. 

Peduncle length (cm): Pedicel length of the five fruits per plant prior to picking was measured 

at fully matured stage. 

Fruit length (cm): The length of five tender fruits per plot in each harvest was measured from 

the base of calyx to the tip of the fruit. The average was calculated by dividing the sum 

of all tender fruit’s length by the total number of fruits measured. 

Fruit diameter (cm): The five tender fruits per plot which fruit length was measured as 

indicated above will be also used to measure tender fruits diameter at the center of the 

fruit and the average was calculated like that of the fruit length. 

Average fruit weight (g): Each of five tender fruits per plot that was used to measure fruit 

length and width will be weighed using sensitive balance and the average weight of tender 

fruit was calculated and recorded accordingly. 

Number of tender fruits per plant: Fruits of ten plants in each plot at each harvest was counted 

and summed at the end of the harvest and the average number of tender fruits per plant 

was calculated that was considered for statistical analysis. 

Number of ridges on fruit: The number of ridges was counted and the average was calculated 

from five tender fruits per plot at each harvest that was used to measure fruit length and 

width. 

Yield per hectare (t ha-1): This was estimated from the 10 plants tender fruit yield in each plot. 

Number and weight of matured pods per plant: Matured pods of the two plants next to the 

side plants/border plants in each plot was harvested, counted and weighted to estimate 

and record number and weight (g/plant) of matured pods per plant. 
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Dry weight of matured pods per plant (g/plant): All the harvested matured pods of the two 

plants next to the side plants/border plants in each plot was dried, weighted and the 

average dry weight of matured pods per plant was calculated and recorded. 

Number of seeds per pod: Ten fully matured and dried pods were collected randomly from 

the two plants matured pods in each plot as indicated above and seeds were extracted, 

counted and average number of seeds per pod was computed to be considered for 

statistical analysis. 

Hundred seed weight (g): Seeds extracted from ten matured pods as indicated above were kept 

in open air under sun and the dried 100 seeds were randomly counted and weighted to 

estimate 100 seeds weight. 

 

2. 5. Data Analysis 

2. 5. 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. Duncan’s Multiple Range (DMRT) at P<0.05 was employed to identify 

landrace that were significantly different mean squares from each other. The traits that exhibited 

significant mean squares in general ANOVA were further subjected to genetic analyses.  

 

2. 5. 2. Phenotypic and Genotypic Correlation Coefficient Analysis 

Phenotypic (rp) and genotypic (rg) correlations between two traits were estimated using 

the formula suggested by Johnson et al. (1955), Singh and Chaudhury (1985). 
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rp = Phenotypic correlation coefficient 

rg = Genotypic correlation coefficient 

Pcovxy = Phenotypic covariance between variables x and y 

Gcovxy = Genotypic covariance between variables x and y 

Vpx = Phenotypic variance of variable x 

Vgx = Genotypic variance of variable x 

Vpy = Phenotypic variance of variable y 

Vgy = Genotypic variance of variable y 
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3.  RESULTS AND DISCUSSION 

3. 1. Analysis of Variance and Mean Performances of Landraces 

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

significant (P<0.01) differences among the 35 landraces (Table 2). The presence of significant 

variations among landraces might give a good opportunity for breeders to identify genotypes 

for high fruit yield and other desirable 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 2. Mean squares from analysis of variance for quantitative traits of okra landraces 

 

Traits 
Replication 

(2) 

Landraces 

(34) 

Error 

(68) 

CV 

(%) 

Days to 50% flowering 28.4 648.85** 10.92 3.83 

Days to maturity 591.43 1008.64** 99.53 9.09 

Plant height (m) 0.03 0.49** 0.02 9.54 

Stem diameter (cm) 0.03 0.24** 0.05 10.12 

Number of primary branches per stem 0.52 1.87** 0.06 9.79 

Internodes number 31.01 13.62** 3.7 9.85 

Internodes length (cm) 0.73 8.62** 0.25 8.52 

Leaf length (cm) 60.32 12.26** 1.82 8.12 

Leaf width (cm) 94.88 22.41** 2.33 7.2 

Number of epicalyxes 0.08 0.85** 0.38 6.38 

Number of ridges 0.24 1.94** 0.05 2.61 

Peduncle length (cm) 0.05 0.29** 0.05 8.05 

Fruit length (cm) 0.41 3.25** 0.38 8.35 

Fruit diameter (cm) 0.03 0.03** 0.02 6.91 

Average fruit weight (g) 2.15 25.69** 1.75 9.00 

Number of matured fruits per plant 0.99 174.90** 2.83 10.81 

Dry weight of matured fruits per plant (g) 12.97 3161.74** 12.64 4.24 

Number of seeds per fruit 40.83 1020.69** 8.62 5.54 

100 seed weight (g) 0.08 1.91** 0.24 7.61 

Number of tender fruits per plant 3.26 253.14** 2.79 10.05 

Yield per hectare (t/ha) 2.52 100.12** 0.94 10.28 

**, significant at P<0.01; NS = Nonsignificant, Numbers in parenthesis represent degree of 

freedom for the respective source of variation and CV (%) = Coefficient of variation in percent 
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3. 1. 1. Mean performances of phenological parameters and growth traits of landraces 

The average days to 50% flowering and days to maturity of okra landraces ranged from 

59.52 to 104.67 and 79.67 to 145.67, respectively (Table 3). The landrace Gu-22 was early 

flowering and maturity; however, this landrace had nonsignificant difference with 5 and 10 

landraces for days to 50% flowering and days to maturity, respectively. Whereas Da-45 and 

Gu-17 attained 50% flowering late and maturity late, however, 7 and 5 landraces had 

nonsignificant difference with Da-45 and Gu-17 to attain 50% flowering and maturity, 

respectively. The landraces had a wide range of differences up to 45 and 66 days to attain 50% 

flowering and maturity, respectively. Days to 50% flowering and days to maturity determine 

the earliness of a variety and consequently help in capturing early market which fetches high 

price in markets.  

Tesfa and Yosef (2016) studied 50 okra accessions collected from four major production 

regions in Ethiopia and grouped accessions into early, medium and late for time of flowering 

and time of commercial harvest. Mihretu et al. (2014) observed 37 to 65 and 50 to101 days of 

first flowering and maturity, respectively, in 25 okra genotypes collected from southwestern 

Ethiopia, while Muluken et al. (2016) observed 53 to 62 and 84 to 104 days of first flowering 

and maturity, respectively, in genotypes collected from three geographic regions of Ethiopia 

and two introduced okra varieties. Okra plant usually bears its first flower one to two months 

after sowing and has maturity duration of 90 to100 days (Tripathi et al., 2011). Singh et al. 

(2017) observed 32 to 49 days to 50% flowering among 108 okra genotypes. Nwangburuka et 

al. (2012) and Olayiwola et al. (2015) studied okra collections from Nigeria and reported 44 to 

58 days to flowering.  

The Da-40 had tallest plant (2.29 m) while Gu-4 had the shortest plant (0.67 cm). The 

mean plant height of landraces was 1.52 m. A total of 16 landraces had plant height of lower 

than the average plant height of landraces while 19 landraces had plant height of higher than 

the average plant height of landraces. The landraces had main stems in the range between 1.54 

(Gu-2) and 2.87 cm (Ma-34) with average main stems of 2.27 cm in which  18 and 19 landraces 

had lower and greater than average main stems of landraces, respectively. The landraces had 

2.59 average number of primary branches varied from 1.39 (Gu-5) to 4.45 (Ma-34), and a total 

of 21, 1 and 14 landraces had average number of primary branches lower, equal and higher than 

average number of primary branches of landraces, respectively.   

Okra is an annual plant with robust stem, erect growth and variable in branching that 

varying from 0.5 to 4.0 meters in height (Tripathi et al., 2011). Muluken et al. (2016) reported 

significant differences among 25 okra genotypes for plant height, stem diameter and numbers 

of branches in the range between 110.5 and 302.13 cm, 19.78 and 37.19 mm and 2.6 and 13.61, 

respectively. Mihretu et al. (2014) and Tesfa and Yosef (2016) also observed significant 

differences among 25 okra genotypes for plant height, stem diameter and numbers of variations. 

Singh et al. (2017) evaluated 108 okra genotypes in India and reported 55.2 to 160 cm and 13.2 

to 29 mm for plant height and stem diameter, respectively. Olayiwola et al. (2015) reported 

plant height at flowering in the range between 40.1 and 99.6 cm and mean values ranged from 

1.93 to 3.56 for number of branches in 10 okra accessions evaluated over two years in 

southwestern Nigeria. 

The landraces had 9.69 average number of epicalyx per flower ranged from 8.73 (Ma-25) 

and 10.93 (Gu-12). Number of internodes and internodes length of landraces varied from 15.66 

(Gu-4) to 23.72 (Gu-6) and 3.09 (Gu-27) to 9.50 (Da-45), respectively, whereas the variation 

of landraces for leaf length and width ranged from 12.67 (Da-43) to 21.03 cm (Gu-5) and 15.45 
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(Da-40) to 26.60 cm (Gu-11), respectively. The average number of epicalyx, number of 

internodes and internodes length of landraces were 9.69, 19.53 cm and 5.81 cm, respectively, 

whereas the landraces had 16.64 and 21.22 cm average leaf length and width, respectively. A 

total of 18, 17 and 17 landraces had higher than the average number of epicalyx, number of 

internodes and internodes length, respectively, while 14 and16 landraces had higher than the 

average leaf length and width of landraces, respectively. The landraces with large and broad 

leaves, and many number of internodes and long internodes length might help for higher 

photosynthesis activities, increased plant height and thereby contributed to produce higher fruit 

yield. Please discuss this sentence with others report or established theories in same paragraph!! 

Muluken et al. (2016) observed significant differences among 25 okra genotypes for 

internodes length, leaf length and leaf width in the range between 4.16 to 6.64, 18.27 to 26.91 

and 23.32 to 36.54 cm, respectively, and 24.55 to 51.36 and 9.1 to 11.32 numbers of internodes 

and number of epicalyx per flower, respectively. Singh et al. (2017) observed 4.18 to 19.24 cm 

internodes length of 108 okra genotypes in India. Badiger et al. (2017) reported 3.13 to 6.23 

cm of internodes length for 12 okra genotypes evaluated in Bangalore, India. 

 

Table 3. Mean values of 35 okra landraces for growth traits evaluated at Pawe in 2017 

 

Landraces NFF NDM PH STD NPBS NIN INL LL LW NE 

Gu-2 63.33k 104.33i-o 1.19h-k 1.54k 2.59ghi 16.81g-j 8.56bc 12.81kl 17.11jkl 9.93a-f 

Gu-3 72.00hi 89.33m-q 2.07ab 2.46a-e 2.74efg 20.23a-g 6.44ghi 15.58d-j 21.19e-h 10.53abc 

Gu-4 62.67k 87.00n-q 0.67n 2.36b-h 2.42g-k 15.66j 3.64pqr 14.00jkl 17.71i-l 10.71ab 

Gu-5 64.00k 85.67opq 1.19h-k 2.25c-i 1.39p 16.67g-j 4.38nop 21.03a 22.63b-e 9.80a-f 

Gu-6 70.67ij 81.33q 1.92bcd 2.08e-i 1.98k-o 23.72a 5.62i-l 14.58h-l 19.58f-j 8.87f 

Gu-7 94.33def 104.00i-o 1.46e-h 2.38b-h 1.53op 19.93a-h 4.68mno 17.00c-i 20.63e-i 9.40c-f 

Gu-8 95.67def 117.22d-k 1.65def 2.19d-i 1.67m-p 17.77f-j 7.97cde 15.00f-l 21.10e-h 8.93ef 

Gu-9 70.62ij 101.56j-p 1.98bc 2.25c-i 3.16de 18.43d-j 8.30bcd 16.64c-j 22.63b-e 9.93a-f 

Gu-11 93.00ef 105.33h-n 2.03b 2.2c-i 2.06j-n 19.37c-j 8.94ab 19.81ab 26.60a 9.73a-f 

Gu-12 75.67hi 84.33pq 1.73cde 2.21c-i 2.27g-l 17.83f-j 7.47def 16.37d-j 24.25a-d 10.93a 

Gu-14 77.22h 94.00l-q 1.73cde 1.97g-j 2.68fgh 22.13a-d 5.93ij 16.96c-i 22.00c-f 9.73a-f 

Gu-17 99.33a-e 145.67a 1.14i-l 2.78ab 3.50cd 20.30a-g 4.74l-o 16.49d-j 18.29h-k 9.80a-f 

Gu-18 102.33abc 120.67c-j 0.82mn 2.15d-i 2.51g-j 16.24hij 3.29qr 15.87d-j 20.91e-h 9.67b-f 

Gu-20 65.11jk 84.77pq 1.80bcd 2.17d-i 2.02j-n 16.00ij 6.37hij 16.11d-j 20.00e-j 10.13a-e 

Gu-21 65.33jk 85.33opq 1.12jkl 2.13d-i 2.08j-n 18.93c-j 4.03opq 20.99a 18.76h-k 9.00ef 

Gu-22 59.52k 79.67q 0.94klm 2.21c-i 2.15i-m 16.23hij 4.32nop 17.35b-g 21.12e-h 9.60b-f 

Gu-23 90.00f 110.67f-l 1.47efg 2.43a-f 2.71e-h 18.50d-j 6.47ghi 17.93b-e 25.03ab 9.38c-f 

Ma-24 91.00f 111.00e-l 1.35g-j 2.24c-i 2.32g-k 18.83c-j 5.80ijk 16.58c-j 22.62b-e 9.27def 

Ma-25 97.67b-e 110.33g-l 1.67de 2.35b-i 1.63nop 20.23a-g 4.73l-o 19.18abc 24.66a-d 8.73f 

Gu-27 95.00def 108.00g-m 0.88lmn 2.66abc 3.64bc 18.00e-j 3.09r 16.60c-j 18.85g-k 9.60b-f 
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Ma-29 97.44b-e 123.00b-i 1.72cde 2.23c-i 3.83bc 21.97a-d 6.24hij 17.13c-h 24.80abc 9.93a-f 

Ma-30 95.57def 130.00a-f 1.69de 2.58a-d 3.14de 21.73a-e 5.01k-n 16.51d-j 20.76e-h 9.93a-f 

Ma-31 99.67a-d 117.00d-k 1.09jkl 2.50a-e 2.04j-n 19.73b-i 4.33nop 16.80c-i 22.73b-e 10.73ab 

Ma-32 97.33b-e 130.33a-e 1.73cde 2.28c-i 3.13def 22.10a-d 5.49j-m 15.27e-k 20.29e-i 9.53b-f 

Ma-33 103.33ab 138.33abc 1.89bcd 2.49a-e 1.79l-p 22.67abc 8.15b-e 19.73abc 24.53a-d 10.40a-d 

Ma-34 97.67b-e 113.81d-k 1.31g-j 2.87a 4.54a 20.01a-h 4.46nop 18.24bcd 21.78d-g 9.33c-f 

Ma-35 99.33a-e 124.67b-h 1.40f-i 2.42b-g 3.70bc 20.50a-g 6.15hij 16.42d-j 22.38b-f 9.87a-f 

Ma-37 96.00c-f 125.33b-g 0.90lmn 2.28c-i 2.65gh 18.93c-j 3.36qr 15.69d-j 23.01b-e 9.47c-f 

Ma-39 99.33a-e 114.00d-k 1.30g-j 2.56a-d 2.46g-k 19.50b-i 4.37nop 16.62c-j 18.94g-k 9.33c-f 

Da-40 73.00hi 98.41k-q 2.29a 1.90ijk 2.26g-l 21.53a-f 7.31efg 14.60h-l 15.45l 9.07ef 

Da-41 100.00a-d 124.33b-h 1.72cde 2.36b-h 2.11i-n 20.43a-g 5.83ijk 19.20abc 26.00a 9.13ef 

Da-42 95.00def 122.33c-i 1.82bcd 1.97f-j 4.05b 23.27ab 6.09hij 14.38i-l 18.44h-k 9.33c-f 

Da-43 82.89g 141.67ab 1.72cde 1.61jk 3.79bc 19.60b-i 6.97fgh 12.67l 16.27kl 9.73a-f 

Da-45 104.67a 131.00a-d 1.99bc 2.51a-e 2.25h-l 18.40d-j 9.50a 17.49b-f 19.58f-j 9.80a-f 

Gu-47 70.26ij 98.70k-q 1.68de 1.95hij 1.74m-p 21.33a-f 5.42j-m 14.73g-l 21.96c-f 9.80a-f 

Mean 86.17 109.80 1.52 2.27 2.59 19.53 5.81 16.64 21.22 9.69 

CV (%) 3.80 9.10 9.50 10.10 9.80 9.90 8.50 8.10 7.20 6.40 

LSD% 5.40 16.30 0.20 0.40 0.40 3.10 0.80 2.20 2.50 1.00 

Mean values within column with similar letter(s) had nonsignificant differences with DMRT, 

CV (%) = Coefficient of variation in percent and LSD (0.05) = List significant difference at 5% 

probability level. DFF = Days to 50% flowering; NDM = Days maturity; PH = Plant height 

(m); STD = Stem diameter (cm); 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. 

 

 

3. 1. 2. Fruit and seed characteristics  

Fruit length ranged from 5.43 (Gu-3 & Gu-2) to 9.12 cm (Ma-33) with average fruit length 

of 7.39 cm landraces. The minimum pod diameter was measured from Gu-5 (1.48 cm) and the 

maximum fruit diameter was measured from Gu-2 (2.47 cm). The lowest (8.40 g) and highest 

(19.89 g) average fruit weight were obtained from Ma-34 and Da-40, respectively. A total of 

60% landraces had greater than the mean fruit weight (14.69g) of 36 okra landraces. The 

number of ridges on fruit ranged from 7.17 to 9.83 with the average fruit ridges of 8.8 while the 

peduncle length on fruits ranged from 2.27 to 3.46 with overall mean of 2.8 cm. The okra 

landraces also had significant variations for number of matured pods per plant; Weight of 

matured pods per plant and dry weight of matured pods per plant in the range between 3.23 to 

34.61,47.26 to 323.16g and 23.18 to 138.12g, respectively (Table 4). The fruit length, width 

and weigh are among the fruit quality parameters in which longer and wider tender fruits with 

higher fruit weight are preferred by consumers (Wassu et al., 2017). This showed that selection 

of genotypes for longer and wider tender fruits with higher fruit weight is possible from okra 

landraces collected from major growing regions. 
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The presence of significant differences among okra genotypes for fruit characteristics 

collected from different growing regions of Ethiopia were reported by other workers (Mihretu 

et al., 2014; Muluken et al., 2016; Tesfa and Yosef, 2016). Salesh et al. (2010) who reported 

highly significant differences among okra genotypes for fruit diameter, average fruit weight, 

average fruit length and number of fruits per plant. Kumar et al., (2013) reported that the wider 

range of variation among okra genotypes for number of number of fruits per plant and average 

fruit weight. 

Statistically significant variations among okra landraces were observed for seed 

characteristics. The lowest number of seeds was obtained from Gu-14 (13.46) while the highest 

number of seeds was obtained from Da-45 (83.29) and 19 landraces had higher number of seeds 

than the mean number of seeds of 36 okra landraces. Hundred seeds weight of landraces ranged 

from 4.89 (Da-43) to 8.13g (Gu-12) with mean hundred seeds weight of 6.38g. Muluken et al. 

(2016) evaluated 25 okra genotypes and found that number of seeds per pod ranged from 48.9 

to 122.3 with overall mean of 99.99 and hundred seed weight ranged from 4.55 to 7.9 with 

overall mean of 6.49 g. Mihretu et al. (2014) also who reported wide range of mean values for 

number of seeds per pod and hundred seed weight. Amandeep and Sonia (2019) reported 

number of seeds per pod and hundred seed weight in the range as in this study was reported. 

The seed also used as a substitute for coffee and the oil content of the seed is quite high at about 

40% (Anwar et al., 2011; Tripathi et al., 2011). Therefore, the observed high number of mature 

pods, number of seeds per pod and hundred seed weight in okra landraces suggested the higher 

chance of improving seeds yield of okra to produce high amount of edible oil per unit area. 

 

Table 4. Mean values of 35 okra landraces for fruit and seed characteristics evaluated 

at Pawe in 2017. 

 

Landrace NRG PDL FL FD AFW NMFP DWMF NSF HSW 

Gu-2 9.08e-j 2.63e-k 5.43o 2.47a 17.54bcd 8.217mn 36.37n 50.48j-m 6.13g-l 

Gu-3 9.14d-j 2.96b-g 5.43o 2.01c-f 13.82h-k 14.67ij 109.77cd 61.85cde 5.38j-n 

Gu-4 8.79ijk 2.64e-k 8.35a-e 1.79f-l 17.21b-e 24.67cde 116.48c 57.85d-h 7.17b-f 

Gu-5 8.99g-j 3.04a-f 8.93ab 1.48m 15.74d-h 10.17lm 37.17n 36.19n 6.00g-m 

Gu-6 7.47mno 2.48h-k 5.98mno 1.60klm 10.02mn 26.50bcd 91.55fg 35.25n 7.27a-e 

Gu-7 9.34b-h 3.14abc 6.69i-n 1.75g-l 12.65ijkl 20.50f 105.68de 33.02no 7.53abc 

Gu-8 7.61mn 2.33jk 6.30k-o 1.76g-l 10.48lmn 23.67de 102.73e 15.72p 7.47a-d 

Gu-9 8.97ghij 2.91c-h 7.64c-j 2.04cde 15.07d-i 9.83lm 83.60h 51.70ijkl 7.73ab 

Gu-11 9.32b-h 2.99b-g 7.46d-k 1.94d-h 15.47d-h 13.50jk 89.95fg 77.88ab 6.54d-i 

Gu-12 9.34b-h 2.76c-j 5.57no 2.42ab 17.23b-e 29.17b 115.15c 62.57cd 8.13a 

Gu-14 7.40mno 2.60f-k 6.50j-o 1.63i-m 10.65lmn 27.33bc 113.18c 13.46p 6.27f-j 

Gu-17 8.12l 3.39ab 8.08a-g 1.91d-h 16.60c-g 3.23p 75.88ij 34.50n 5.73i-n 

Gu-18 8.42kl 3.06a-e 8.16a-g 1.69h-m 15.23d-h 9.00mn 94.68f 56.47e-i 6.60d-i 

Gu-20 8.18l 2.97b-g 8.92ab 1.54lm 16.54c-g 11.00klm 82.97h 54.43g-k 5.93g-m 

Gu-21 9.05f-j 3.36ab 7.49c-k 1.61j-m 16.02d-h 23.33e 116.47c 62.22cd 7.70ab 
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Gu-22 8.81ijk 3.10a-d 8.24a-f 1.61klm 15.49d-h 8.50mn 23.18o 52.50h-l 6.33e-i 

Gu-23 9.21c-i 2.81c-i 7.51c-k 1.73g-m 14.84e-j 17.00ghi 113.77c 56.13f-i 6.47e-i 

Ma-24 9.39a-g 2.63e-k 6.47j-o 1.97d-g 13.84h-k 18.83fg 132.10b 49.45klm 6.60d-i 

Ma-25 9.46a-f 3.13abc 6.76i-m 1.96d-g 14.17g-k 15.50hij 110.38cd 48.19lm 6.87b-g 

Gu-27 9.83a 2.86c-h 8.25a-f 1.86d-j 16.91c-f 13.44jk 109.82cd 74.35b 6.33e-i 

Ma-29 9.47a-f 2.85c-h 7.16e-m 1.87d-i 12.47jkl 18.00fgh 86.63gh 77.92ab 5.80h-n 

Ma-30 9.54a-d 2.58g-k 7.99a-h 2.11cd 16.79c-f 16.72ghi 92.34fg 58.07d-g 6.28f-j 

Ma-31 9.41a-g 2.92c-h 7.55c-j 1.82e-k 14.05g-k 12.61jkl 81.53hi 60.95c-f 6.53d-i 

Ma-32 7.17o 2.29k 6.83h-m 1.58klm 9.05n 10.83klm 67.90k 30.87no 5.11mn 

Ma-33 9.49a-f 2.33jk 9.12a 2.37ab 19.52ab 6.67no 86.57gh 80.66a 6.53d-i 

Ma-34 9.45a-f 2.73c-j 8.70abc 2.05cde 19.89a 19.39fg 80.68hi 45.43m 6.20g-k 

Ma-35 9.13d-j 2.60f-k 7.52c-k 1.94d-h 15.08d-i 24.67cde 138.12a 80.64a 5.27lmn 

Ma-37 9.76ab 2.68d-k 7.86b-i 2.05cde 18.67abc 10.39klm 24.22o 55.03g-j 6.73c-h 

Ma-39 8.75jk 3.46a 8.47a-d 1.70h-m 14.48f-j 12.50jkl 44.78m 59.73d-g 4.98n 

Da-40 7.39mno 2.54g-k 6.82h-m 1.61klm 8.55n 18.22fgh 47.80m 34.13n 5.30k-n 

Da-41 8.90hij 2.81c-i 9.06a 1.75g-l 17.13b-e 9.67lmn 56.48l 65.23c 6.60d-i 

Da-42 7.20no 2.39ijk 6.14l-o 1.73g-m 9.32n 34.61a 112.15c 33.47no 6.42e-i 

Da-43 7.74m 2.27k 6.96g-m 1.64i-m 11.85klm 12.83jkl 6.68p 28.67o 4.89n 

Da-45 9.63abc 2.91c-h 7.20e-l 2.11cd 16.37c-h 4.00op 73.567jk 83.29a 6.43e-i 

Gu-47 9.51a-e 2.96b-g 7.04f-m 2.22bc 15.49d-h 5.33op 73.05jk 77.93ab 6.07g-l 

Mean 8.81 2.80 7.39 1.87 14.69 15.56 83.81 53.04 6.38 

CV (%) 2.60 8.10 8.40 6.90 9.00 10.80 4.20 5.50 7.60 

LSD% 0.40 0.40 1.00 0.20 2.20 2.70 5.80 4.80 0.80 

Mean values within column with similar letter(s) had nonsignificant differences with DMRT, 

CV (%) = Coefficient of variation in percent and LSD (0.05) = List significant difference at 5% 

probability level. 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; DWMFP = Dry weight of matured fruits per plant; NSF = Seed per fruit; HSW 

= hundred seed weight (g). 

 

 

3. 1. 3. Fruit yield 

Mean values of landraces were in the range of 4.86 and 36.54 for number of tender fruits 

per plant and 2.49 and 21.98 t ha-1 Yield per hectare (Table 5). The landrace Gu-12 and Gu-23 

were exhibited the highest number of tender fruits per plant and fruit yield per hectare; however, 

these landraces had nonsignificant difference with Gu-6 for number of tender fruits per plant. 

Whereas Gu-47 attained low number of tender fruits per plant and fruit yield per hectare; 

however 7 and 5 landraces had nonsignificant difference with Gu-47 to attain number of tender 

fruits per plant and fruit yield per hectare, respectively. The landraces had a wide range of 

differences up to 31.65 and 19.49 to attain number of tender fruits per plant and fruit yield per 
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hectare, respectively. This higher fruit yield per hectare maybe due to higher fruit length and 

more number of fruits per plant showing genetic response of landraces to environmental 

conditions. 

Muluken et al. (2016) reported the highest number of fruit per plant and tender fruit yield 

per hectare exhibited for okra accessions obtained from Oromia (Wellega) and Benishangul 

(Metekel) regions respectively. Tesfa and Yosef (2016) observed the greatest variability among 

the quantitative traits measured for number of fruits per plant, mean fruit weight and total fruit 

production. These results were in agreement with the findings of Saleem et al. (2018) okra 

genotypes also exhibited significant variation in fruit and yield traits viz., fruit length, girth, 

average fruit weight, fruit number plant -1 and total yield plant-1. 

 

Table 5. Mean values of 35 okra landraces for fruit yield evaluated at Pawe in 2017 

 

Landraces Number of tender fruits per plant Yield per hectare (t/ha) 

Gu-2 10.33kl 6.70opq 

Gu-3 14.67hij 8.38m-p 

Gu-4 25.17d 15.96ef 

Gu-5 16.17f-i 17.19de 

Gu-6 34.00ab 15.89efg 

Gu-7 17.50e-h 19.68bc 

Gu-8 7.83lm 2.80tu 

Gu-9 14.50hij 8.55mno 

Gu-11 13.72ij 6.45pqr 

Gu-12 36.54a 21.98a 

Gu-14 32.83b 15.15fgh 

Gu-17 4.86m 3.37stu 

Gu-18 15.33ghi 9.96klm 

Gu-20 14.67hij 11.06kl 

Gu-21 20.00e 17.41de 

Gu-22 23.53d 13.99f-i 

Gu-23 36.07a 21.42ab 

Ma-24 23.33d 15.56e-h 

Ma-25 24.50d 13.76hi 

Gu-27 28.94c 19.08cd 

Ma-29 7.50lm 5.17qrs 
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Ma-30 5.02m 3.46stu 

Ma-31 11.89jk 7.06opq 

Ma-32 5.94m 3.17tu 

Ma-33 6.00m 4.57rst 

Ma-34 16.56f-i 13.05ij 

Ma-35 19.00ef 11.67jk 

Ma-37 9.33kl 9.94klm 

Ma-39 12.06jk 11.66jk 

Da-40 19.00ef 7.00opq 

Da-41 16.50f-i 13.90ghi 

Da-42 18.36efg 7.90nop 

Da-43 5.33m 2.77tu 

Da-45 10.33kl 9.12lmn 

Gu-47 4.89m 2.49u 

Mean 16.63 10.78 

Mean values within column with similar letter(s) had nonsignificant differences with DMRT 

and CV (%) = coefficient of variation in percent. 

 

 

3. 2. Association among Traits 

3. 2. 1. Genotypic and phenotypic correlation of fruit yield with other traits 

The results of genotypic and phenotypic coefficients of correlations of yield with other 

traits were presented in Table 6. Fruit yield per hectare with leaf length, number of matured 

pods per plant, weight of matured pods per plant, hundred seed weight and number of pod per 

plant had positive and significant correlations both at genotypic and phenotypic levels. Yield 

per hectare had positive and significant phenotypic correlation with number of ridge and 

peduncle length. Significant genotypic association between the different pairs of characters 

indicates strong association between those characters genetically and changes brought about by 

a natural or artificial selection among correlated traits, (Singh et al., 1990; Falconer et al., 1996; 

Sharma, 1998). Therefore, the traits that showed positive and significant correlations with fruit 

yield per hectare suggested the simultaneous selection of the traits with yield is possible and 

correlated traits could be used for indirect selection of okra landraces for fruit yield. 

The presence of positive and significant genotypic and phenotypic correlations of fruit 

yield per hectare of okra with number of pod per plant, number of ridge and peduncle length 

has been reported by Muluken et al. (2015). The authors also reported that fruit yield ha-1 had 

positive and highly significant phenotypic correlation with stem diameter; plant height and 

number of inter nodes. In agreement with the results of this study, Ahamed et al. (2015), Tesfa 

and Yosef (2016) and Rambabu et al. (2019) reported positive and highly significant correlation 
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for yield per plant with number of fruits per plant and 100-seed weight. Pradip et al. (2010) also 

reported the positive and significant inherent or genetic association fruit yield of okra with 

number of pod per plant, peduncle length, stem diameter; plant height and number of inter 

nodes. This suggested that genes governing two positive and significantly correlated traits were 

similar and environmental factors played a small part in the expression of these traits that 

justified the possibility of correlated response to selection.  

Yield per hectare with days to maturity and internodes length showed negative and 

significant correlations both at genotypic and phenotypic levels. Days to 50% flowering, plant 

height, number of primary branches per stem and number of internodes also had negative and 

significant phenotypic correlation with yield per hectare. Similar finding were reported by 

Kumari et al. (2019) plant height, days to 50% flowering and intermodal length were negatively 

and significantly correlated with yield per plant at genotypic level. Das et al. (2012) reported 

that days to first flowering and node at first flowering exhibited significantly negative 

correlation with fruit yield per plant. This suggests that selection of traits negatively correlated 

will have negative effects on fruit yield. Negative association of traits indicated that it is difficult 

or practically impossible to improve through simultaneous selection of those traits 

(Nwangburuka et al., 2012; Ahiakpa et al., 2013). 

 

3. 2. 2. Phenotypic and genotypic correlations among other traits 

Positive and significant correlations among phenology parameters (days to 50% 

flowering and days to maturity) were observed at genotypic and phenotypic levels (Table 6). 

Days to 50% flowering and days maturity with number of internodes had positive and 

significant correlation both genotypic and phenotypic levels and days to maturity with days to 

50% flowering had positive and significant correlation. Stem diameter and number of primary 

branches per stem had positive and significant association phenotypic with both days to 50% 

flowering and days of maturity, respectively. Days to 50% flowering with stem diameter and 

days of maturity with number of primary branches per stem had positive and significant 

association genotypic levels; also days to 50% flowering with leaf width had positive and 

significant correlation phenotypic level. Sharma and Prasad (2015) and Rambabu et al. (2019) 

reported that days to 50% flowering showed significant positive correlation with days to first 

harvest. 

Number of pods per plant with days to 50% flowering and days of maturity had negative 

and significant phonotypic and genotypic correlations, respectively. Days of maturity with 

hundred seed weight showed negative and significant correlations both at genotypic and 

phenotypic levels while days of maturity with peduncle length, number of matured pods per 

plant and weight of matured pods per plant had negative and significant phonotypic levels. Patel 

et al. (2019) reported negative and highly significant correlation for number of fruit /plant with 

days to first flowering and days to first picking, respectively.  

Plant height with number of internodes and internodes length, stem diameter with leaf 

length and leaf length with leaf width had positive and significant correlation at genotypic and 

phenotypic levels. Stem diameter had positive and significant genotypic and phenotypic 

correlations with peduncle length, number of ridges on fruit, fruit length and average fruit 

weight whereas stem diameter had positive and significant phenotypic correlations with leaf 

width, dry weight of matured pods per plant and number of seeds per pod. The phenotypic 

correlation between number of primary branches and number of internodes was positive and 

significant. 
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In agreement with this study results, Muluken et al. (2015) reported the positive and 

significant association of plant height with number of internodes and internodes length and the 

positive and significant genotypic and phenotypic correlations of stem diameter with number 

of branches per plant, number of internodes per plant and leaf width, fruit diameter, number of 

fruit per plant and fruit ridges. Rambabu et al. (2019) also reported positive and significant 

correlations of plant height with inter node length at genotypic and phenotypic levels. Mihretu 

(2013) also observed significant and positive correlation of stem diameter with number of 

branches per plant, number of internodes per plant and leaf width, fruit diameter and number 

of fruit per plant. This indicated that the selection of genotypes for any of the significantly 

positive inter-related traits is expected to give a desired correlated response in other traits (Das 

et al. 2012; Ehab et al., 2013). 

Average fruit weight with number of ridge, peduncle length, fruit length, fruit width and 

number of seeds per pod had positive and significant association genotypic and phenotypic 

levels, respectively. Number of seeds per pod had positive and significant association genotypic 

and phenotypic levels with number of ridge and fruit diameter. Number of seeds per pod also 

had positive and significant association phenotypic levels with fruit length and peduncle length. 

Number of ridge had positive and significant association genotypic and phenotypic levels with 

peduncle length and fruit diameter whereas number of ridge had positive and significant 

phenotypic correlation with fruit length, hundred seed weight and weight of matured pods per 

plant. Similar results were reported by Reddy et al. (2013) and Rambabu et al. (2019) fruit 

length and fruit width showed positive and significant correlation with fruit weight and number 

of seeds per fruit. 

In contrast, average fruit weight with (plant height and number of internodes), fruit length 

with (plant height and internode length), peduncle length with (number of internodes and 

internode length), internode length with (stem diameter) and hundred seed weight with (number 

of primary branches per stem) had negative and significant genotypic and phenotypic 

association. Negative and significant phenotypic correlation had for plant height and number 

of internodes with (number of ridge), number of primary branches per stem and plant height 

with (peduncle length) and number of primary branches per stem with leaf length. Number of 

mature pods per plant had negative and significant genotypic and phenotypic correlation with 

peduncle length, fruit length and average fruit weight, respectively. Number of mature pods per 

plant also had negative and significant correlation phenotypic with fruit length. Singh et al, 

(2007) recorded that negative and significant correlation of plant height with fruit girth among 

19 diverse okra genotypes. Kumari et al. (2019) also observed fruit length, fruit width and 

average fruit weight were significantly and negatively associated with internodal length and 

number of nodes. 

 

Table 6. Genotypic (above diagonal) and Phenotypic (below diagonal) correlation coefficient 

among 22 quantitative traits of 35 okra 

 

Trait DFF NDM PH STD NPBS NIN INL LL LW NE NRG 

DFF  0.82** 0.02 0.51** 0.27 0.35* -0.03 0.18 0.31 -0.17 0.17 

NDM 0.72**  0.04 0.25 0.43** 0.34* 0.11 -0.08 0.03 -0.07 0.02 

PH 0.02 0.05  -0.22 -0.06 0.55** 0.74** -0.02 0.14 -0.08 -0.27 
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STD 0.38** 0.19* -0.14  0.17 0.02 -0.33* 0.46** 0.29 0.11 0.44** 

NPBS 0.25** 0.35** -0.04 0.14  0.24 -0.08 -0.3 -0.22 0.06 -0.1 

NIN 0.23* 0.25** 0.49** 0.14 0.24*  0.12 -0.03 0.08 -0.24 -0.26 

INL -0.03 0.12 0.71** -0.23* -0.07 0.11  -0.09 0.12 0.14 -0.10 

LL 0.13 -0.08 0.00 0.31** -0.20* 0.04 -0.05  0.61** -0.13 0.44** 

LW 0.23* 0.03 0.13 0.23* -0.16 0.13 0.12 0.64**  0.09 0.48** 

NE -0.11 -0.06 -0.06 0.03 0.03 -0.15 0.08 0.00 0.05  0.28 

NRG 0.17 0.04 -0.26** 0.36** -0.1 -0.23* -0.09 0.32** 0.37** 0.17  

PDL -0.08 -0.28** -0.26** 0.27** -0.20* -0.21* -0.29* 0.42** 0.13 0.05 0.31** 

FL 0.13 0.11 -0.32* 0.38** 0.03 -0.13 -0.34* 0.38** 0.16 0.01 0.22* 

FD 0.11 0.18 0.08 0.12 0.08 0.12 0.33** -0.05 0.24** 0.25** 0.52** 

AFW 0.01 0.01 -0.37** 0.37** 0.03 -0.25** -0.13 0.32** 0.28** 0.24* 0.67** 

NMPP -0.10 -0.29** 0.09 -0.14 0.17 0.20* -0.05 -0.09 -0.05 -0.09 -0.29 

WMPP 0.00 -0.29** -0.09 0.18 -0.01 -0.09 -0.06 0.19 0.25** 0.04 0.28** 

DWMP 0.17 -0.14 0.05 0.24** 0.04 0.09 -0.02 0.13 0.21* 0.05 0.11 

NSP 0.18 0.06 -0.04 0.26** 0.00 -0.07 0.09 0.23* 0.29** 0.26** 0.72** 

HSW -0.14 -0.31* -0.10 0.03 -0.33* -0.13 0.01 0.17 0.25** -0.01 0.21* 

NTFP -0.29** -0.56** -0.11 -0.03 -0.10 -0.13 -0.16 0.10 0.10 -0.07 -0.03 

YLDH -0.23* -0.53** -0.31** 0.12 -0.19* -0.28** -0.33* 0.28** 0.13 -0.06 0.23* 

 

 

Table 6. Continued 

 

Trait PDL FL FD AFW NMPP WMPP DWMP NSP HSW NTFP YLDH 

DFF -0.07 0.18 0.15 0.03 -0.11 -0.01 0.17 0.18 -0.14 -0.3 -0.24 

NDM -0.25 0.18 0.21 0.05 -0.31 -0.32 -0.15 0.07 -0.36* -0.60** -0.57** 

PH -0.32 -0.37* 0.10 -0.42** 0.10 -0.10 0.06 -0.05 -0.12 -0.10 -0.32 

STD 0.35* 0.50** 0.10 0.44** -0.16 0.24 0.29 0.31 0.03 -0.01 0.17 

NPBS -0.24 0.01 0.07 -0.01 0.17 -0.02 0.04 -0.01 -0.39* -0.11 -0.20 

NIN -0.35* -0.25 0.04 -0.44** 0.25 -0.10 0.13 -0.10 -0.22 -0.13 -0.32 

INL -0.36* -0.38* 0.38* -0.13 -0.05 -0.06 -0.02 0.09 0.02 -0.15 -0.33* 

LL 0.47** 0.49** -0.07 0.38* -0.14 0.22 0.16 0.31 0.24 0.12 0.35* 

LW 0.10 0.17 0.25 0.28 -0.06 0.29 0.25 0.38* 0.29 0.13 0.17 

NE -0.03 0.05 0.41** 0.37* -0.12 0.06 0.07 0.38* -0.02 -0.10 -0.09 

NRG 0.39* 0.26 0.59** 0.74** -0.32 0.28 0.11 0.74** 0.23 -0.04 0.24 

PDL  0.29 -0.10 0.33* -0.33* 0.03 -0.01 0.27 0.08 0.04 0.29 

FL 0.30**  -0.22 0.55** -0.44** -0.20 -0.24 0.30 -0.13 -0.21 0.04 
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FD -0.07 -0.12  0.55** -0.19 0.11 0.11 0.49** 0.21 -0.19 -0.19 

AFW 0.30** 0.55** 0.55**  -0.42** 0.06 -0.07 0.59** 0.20 -0.10 0.18 

NMPP -0.28* -0.40** -0.17 -0.39**  0.64** 0.58** -0.32 0.33* 0.57** 0.39* 

WMPP 0.03 -0.17 0.10 0.06 0.64**  0.81** 0.16 0.52** 0.52** 0.53** 

DWMP 0.00 -0.22 0.10 -0.07 0.57** 0.81**  0.14 0.40* 0.46** 0.35* 

NSP 0.23* 0.26** 0.44** 0.55** -0.31 0.16 0.14  0 -0.11 0.01 

HSW 0.06 -0.09 0.19* 0.18 0.29** 0.47** 0.36** 0.01  0.41** 0.46** 

NTFP 0.03 -0.19* -0.18 -0.09 0.56** 0.52** 0.45** -0.10 0.36**  0.86** 

 0.26** 0.05 -0.17 0.17 0.39** 0.52** 0.35** 0.01 0.40** 0.85**  

* = Significant 0.05 (rg = 0.34 and rp = 0.19) probability level; ** = highly significant at 0.01 

(rg = 0.33 and rp = 0.24) level of probability level. DFF = Days to 50% flowering; DM = 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; 

PD L = Peduncle length (cm); FL = Fruit length (cm); FD = Fruit diameter (cm); AFW = 

Average fruit weight (g); NMPP = Number of matured pods per plant; WMPP = Weight of 

matured pods per plant; NSP = Seed per pod; HSW = hundred seed weight (g ); NTFP = Number 

of tender fruits per plant; YLPH = Yield per hectare (t ha-1).  

 

 

4.  CONCLUSIONS 

 

Okra [Abelmoschus esculentus (L.) Moench] is believed to have originated in Ethiopia. It 

is a traditional vegetable crop in northwestern Ethiopia, Metekel Zone of Benshanguel Regional 

state. The crop is considered a minor crop and it has not given research attention in Ethiopia. 

Therefore, the study was conducted to characterize and evaluate okra landraces and to estimate 

genotypic, phenotypic variability and genetic divergence and to estimate heritability and 

genetic advance under selection, degree of genotypic and phenotypic associations among yield 

and yield related traits.  A total of 35 okra landraces collected from three districts (Guba, 

Mandura and Dangura) of Metekel Administration Zone were evaluated for 22 agro-

morphological and eight qualitative traits in 2017 at Pawe Agricultural Research Center in 

randomized complete block design. 

The analysis of variance revealed that the okra landraces had significant differences for 

all quantitative traits. The okra landraces also distributed into different categories of plant habit, 

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

fruit on the main stem. Moreover, the okra 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 results 

showed that the presence of significant variations among landraces that indicated the higher 

chance of developing okra varieties for high fruit yield and other desirable traits through 

selection. 

Number of tender fruits per plant, hundred seed weight, weight of matured pods per plant, 

leaf length had positively phenotypic and genotypic highly significant correlation with fruit 

yield per hectare. Negative phenotypic correlation was recorded for days to 50% flowering, 

days to maturity, leaf length, internodes number, internodes length, number of primary branch 
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and plant height insignificantly. On the other hand, fruit yield per hectare had significantly 

negative genotypic correlation with days to maturity and internodes length. The 

interdependency of other traits on each other’s was also recorded for both genotypic and 

phenotypic correlation. Generally, fruit yield per hectare had positive and significant genotypic 

and phenotypic correlation coefficients with weight of matured pods per plant, dry weight of 

matured pods per plant, hundred seed weight, number of tender fruits per plant and leaf length. 

Fruit yield per hectare had positive and significant phenotypic correlation coefficients with 

number of ridge and peduncle length. These traits also had positive direct effects on fruit yield 

at genotypic and phenotypic levels except leaf length exerted negative direct effect on yield at 

phenotypic level. This suggested that direct and simultaneous selection of okra landraces for 

yield and these traits is possible. 
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