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Combining ability, heritability and heterosis was investigated among population developed from 8 x 8 
diallel crossing pattern in 2012 and 2013 cropping season Mubi and Makurdi. Investigations were 
undertaken using a randomized complete block design. Selection by stakeholders considering pod 
gelatinization and overall appealing of fresh and dried okra pods and other sensory characters was 
carried out in Mubi. Significant differences (P < 0.05) were found among the entries for most characters 
during the 2012 and 2013. Earliness and plant height showed high discriminatory ability among the 
population. The pooled analysis of variance over years and locations for agronomic characters returned 
significant differences across locations, years and genotypes by location interaction for earliness, plant 
height, yield and yield component characters. This is consistent with high variability among the parents 
and crosses in their responses to different soil and climatic changes in both years and locations. GCA 
variance for agronomic characters except for pod diameter, seed weight and fruit yield reflects additive 
and additive x additive type of gene action. Therefore the best hybrid across locations and years may 
be produced by crossing parents with the highest GCA effect for desirable character. Early generation 
selection among the segregating population may rapidly evolve desirable population upon which new 
crop varieties can be developed after periods of selfing. High broad sense heritability for earliness, 
plant height, and pod length, pod width and seed weight was consistent with high additive gene effects. 
While low heritability estimates was related to the presence of dominance gene for some characters. 
About 40% improvement in pod number was recorded in the cross P2 × P8 in RMPV and RHPV.  
 
Key words: West African Okra, Genotype by Location Interaction, Additive and non additive gene action, 
Earliness.  

 
 
INTRODUCTION  
 
The genus Abelmoschus comprised Abelmoschus 
esculentus, Abelmoschus caillei and Abelmoschus 
manihot (IBPGR, 1991). West African okra has 194 
chromosomes as against 130 of A. esculentus (Adeniji 
and Kehinde, 2003). A. caillei is allopolyploid hybrid of A. 
esculentus  and  A.   manihot   known   as   Abelmoschus  
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glutino-textile with chromosome number 2n = 184–200. 
A. caillei is a cultigen found mainly in West and Central 
Africa; it has been reported from Guinea to Nigeria (West 
Africa), Cameroon, Gabon and DR Congo (Central 
Africa) and Uganda (East Africa). Its distribution is 
restricted to humid and peri-humid climates in Africa, 
between 12°N and 12°S, most commonly between 5°N 
and 10°N. Whereas the common okra (A. esculentus (L.) 
Moench) is exotic to Africa; it is widely cultivated in the 
tropics,  subtropics  and  warm  temperate  regions.  The  
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West African okra (A. caillei A. Chev Stevels) is a robust 
tree, bushy and widely adapted to pedo-climatic 
conditions and cropping pattern in West and Central 
Africa. It is very popular among farmers in the North 
Eastern Nigeria; it is photoperiod sensitive (short day), 
biennial though high yielding and resistant to biotic and 
abiotic stresses. While. esculentus is photo-neutral, short 
growth cycle, less vigorous, low fruit yield, highly 
susceptible to diseases and insect pests attack. The 
world production of okra pods (both species) as fresh 
fruit-vegetable is estimated at 6 million tones/year 
(PROTA 2004). Okra production in West and Central 
Africa is estimated at 500,000 - 600,000 t annually based 
on available consumption data of which West African 
okra is estimated to make up half of this amount (PROTA 
2004).  

In sub-Sahara Africa, the cultivation of West African 
Okra is an important component of peri- urban 
agriculture. Production is carried out during the main 
season (June – October) and dry season cultivation takes 
place between October and April. The wet seasons are 
more favorable for increased fruit yield (Katung, 2007). 
On the other hand, this period is characterized by high 
build up insect pests (leaf defoliators and pod borers) and 
diseases. The production of West African Okra under 
irrigation is common among small scale farmers. 
Traditional methods are employed in the application of 
water to plant that is, watering can and surface irrigation. 
This implied the relevance of varieties with stable fruit 
yield under rain fed (main season) and/or and irrigation. 
During the main season fresh okra pods are sold at low 
prices due in part to within season glut, poor post-harvest 
management of fresh pods and inadequate storage 
techniques and facilities.  

Genetic information on heterosis is important for hybrid 
development. This will ensure exploitation and utilization 
of hybrid combinations in the future breeding program 
and commercialization. The exploitation of the F1 hybrids 
over the better parent and mid parent has been widely 
exploited in crop improvement programs around the 
world. The application of the concept of heterosis in West 
African Okra is limited compared to other high value 
vegetable crop (Tomato, Pepper and Onion). Evaluation 
of a limited number of hybrids generated from a relatively 
fewer number of parents saves substantial resources. It 
becomes necessary to identify relatively fewer parents 
that are likely to result in high heterosis. A. caillei is 
considered as under-utilized crop, and little attention has 
been paid to its genetic improvement and variety 
development in Nigeria, specifically in the North Eastern 
Nigeria. Production in this region is constrained by 
inadequate documentation of preferred phenotype and 
fruit quality characters by actors on the okra value chain 
for genetic enhancement and improvement, inadequate 
data on market and industrial characters, absence of 
productive varieties that meet the needs of farmers and 
other stakeholders, delayed growth  cycle,  poor  sensory  

 
 
 
 
properties (taste, gelatinization and flavour) photo-
periodism and susceptibility to diseases (Fusarium and 
Verticillium wilts) and insect pests (leaf hopper and pod 
borer) are some of the challenges in okra production. Pod 
yield from farmers’ fields and research stations are 
generally low. This is consistent with inadequate research 
and absence of productive varieties with stable 
agronomic performance and pod yield across growing 
ecologies in Nigeria.  

Germplasm collection mission, introduction of new 
population from gene banks, hybridization and mutation 
are ways of creating variability in West African Okra. 
Development of new West African Okra varieties will 
require understanding phenotypic distinctness, related-
ness and similarities among germplasm collection in the 
country, especially for North Eastern Nigeria. This will 
provide basis for identifying promising accessions for 
specific and multiple characters that could be used for 
introgression of characters into a popular or elite variety 
through hybridization. From the stand point of crop 
improvement; seed companies in Europe and Asia have 
exploited the concept of heterosis in the development of 
hybrids in Okra. This approach is widely practiced by 
seed companies because it ensures high profit and 
intellectual property. In contrast, this technology has not 
been effectively deployed in West African Okra. An 
accomplishment of this will result in development of F1 
hybrids, which will rapidly improve agronomic 
performance and fruit yield per hectare. On the other 
hand, farmers may have to pay higher prices for seeds, 
as seed companies are interested in high profit.  

As an underutilized crop variety development has 
attracted little research efforts. Diallel crossing pattern 
has been exploited by plant breeders to develop hybrids 
varieties. Similarly seed companies in Europe and Asia 
have utilized the concept of hybrid vigour in development 
of new varieties (hybrids) of A. esculentus. These 
varieties have been shipped to Africa for adaptation and 
distribution by seed vendors. Challenges in breeding and 
variety development in West African Okra include 
improper documentation of preferred needs among 
stakeholders and application of appropriate breeding 
techniques. Hence limited hybrids and open pollinated 
varieties in Africa. The application of participatory 
stakeholder knowledge in the selection of hybrids from a 
diallel cross for agronomic characters will provide 
opportunities to select promising hybrids and potential 
open pollinated varieties with multiple characters. Against 
this background we hybridized seven accessions of West 
African Okra to recombine the genes for earliness, yield 
components and identify promising hybrids for 
agronomic, fruit quality and sensory properties. The 
objectives of this study are (1) To estimate the magnitude 
of phenotypic variation and Genotype by Environment 
Interaction (GEI) for agronomic characters among 
locations and years in eight (8) accessions of West 
African Okra. (2)  Evaluate   combining   ability   (General  



 
 
 
 
Combining Ability and Specific Combining Ability) and 
heterosis for pod yield and yield component characters 
over years and locations. (3) To estimate the magnitude 
of heterosis and heritability for agronomic characters. 

 
 
MATERIALS AND METHODS 
 
Experiment 1  

 
Evaluation of agronomic variation and Genotype by 
Environment Interaction  
 
Twenty accessions were planted out for evaluation of 
agronomic characters during 2012 and 2013 main 
season (June – October). Field experiments took place at 
FAO/TCP Research Farm, Adamawa State University, 
Mubi (latitude 10° 03΄ and Longitude 13° 07΄E, altitude 
400 meters above sea level) with annual rainfall of 
900mm to 1600 mm. The soil type of the research field 
was greyish brown with a pH of 6.4. Experimental plot 
was ploughed, harrowed and ridged (at 60 cm apart). A 
randomized complete block design with three replications 
was adopted for the study. Each plot consisted of 2m × 
3m (6m

2
); two seeds of each accession were sown per 

hole at a spacing of 60 cm × 40 cm. Thinning was carried 
out at three weeks after planting, to maintain 25 plants 
per plot. Fertilizer application of NPK 15:15:15 at the rate 
of 100 Kg N/ha, Kg P2 O5/ha and Kg K2O/ha (Avav and 
Ayuba, 2006) was done by side placement. Insects 
associated with okra were controlled by two sprays of 
Cymbush (Cypermetrin (10% EC) at a rate of 50ml/10 
liters of water at vegetative growth stage (3 three weeks 
after planting) and repeated at flowering stage. The 
experiment was rain fed and weeding was carried out 
manually and frequently with hoes to maintain weed-free 
plots. Agronomic characters were consistently measured 
from 30 randomly selected plants (10 plants per replicate) 
during vegetative, reproductive stages and harvest. Days 
to first flowering was estimated as the number of days 
from seeding to appearance of first flower and days to 
50% flowering as number of days it took 50% of the 
plants established per plot to flower. During vegetative 
stage, by random sampling of 10 plants per accession, 
leaves per plant, branches per plant and plant height 
were estimated. At harvest pods per plant was counted 
on 10 plants per replicate. The pod length (cm) was 
measured from the stalk to the tip of the fruit and the pod 
width on the widest point on the pod using Venier caliper 
on 30 pods randomly selected from 10 plants. From the 
same set of pods, the pod diameter (cm) was measured 
at the widest point using Venier calipers. The fruit yield 
(Kg/ha) at harvest was determined by weighing fresh 
fruits harvested from ten vigorous plants (net plot) per 
replicate. Thereafter 100 seeds were counted and 
weighed on a sensitive weighing balance for 
determination of the weight of 100 seeds (g).  
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Statistical Procedures 
 
After testing homogeneity of error variance, a combined 
analysis of variance (ANOVA) for agronomic characters 
over locations (Mubi and Makurdi) and years (2012 and 
2013) was performed using PROC GLM procedure of 
SAS institute (1998) to determine variation among the 
accessions for agronomic characters and the influence of 
the trial periods (Years) and Genotype by Year 
interaction on the expression of agronomic characters. 
The ANOVA for combined data for the observed (Yij) 
agronomic character of the ith genotype at the jth 
environment (Year) is given as; 
 
Yij = µ + Gi + Eµj + GEij + eij…………………………. (1) 
 
Where µ is the general mean; Gi, Ej, and GEij represent 
the effect of the genotype, environment (Year), and GEI 
(Genotype by Environment interaction) respectively; and 
eij is the average of the random errors associated with 
the rth plot that receives the ith genotype in the jth 
environment.  

 
 
Experiment 2  

 
Development of F1 Hybrid from 8 × 8 diallel mating 
design and Evaluation of Combining Ability and 
Heterosis for Agronomic Characters 

 
Based on the phenotypic performance for agronomic 
characters in our previous research, eight (8) accessions 
P1 (NG/AA/SEP/038), P2 (NG/SA/DEC/07/0528), P3 
(NG/TO/JUN/09/007), P4 (NG/SA/DEC/07/498), P5 
(NG/SA/DEC/07/0475), P6 (NG/SA/JAN/109), P7 (Syria 
Mubi-1) and P8 (NG/SA/DEC/07/0445) were selected as 
donor parents for single and multiple agronomic 
characters. Each accession was planted in two plots; 
each plot has a size (2m × 2m) at a spacing of 60cm × 
40cm. A total of 25 plants were maintained per plot. The 
first plot was designated as the source of male pollen and 
the second plot was designated as the female parent. At 
anthesis, hybridization was done using the 8 by 8 half 
diallel crossing plan to develop 28 F1 hybrid populations. 
The male pollen grain was selected by targeting freshly 
opened flowers. Before emasculation, flower buds and 
equipment were sterilized with 70% ethanol. Flower buds 
for emasculation were held firmly but gently to avoid 
stress on the fragile attachment of the bud. A slight ring 
was made at the base of the flower bud with the help of 
the blade, to facilitate easy removal of the petals, along 
with the calyx sheath to expose the stamina tubes and 
the stigma. Undehisced anthers were removed using a 
pair of forceps. Pollination was carried out early in the 
morning (5:30 am- 7:30 am) to take advantage of the cool 
weather and allow the pollen grains germinate through 
the style to fertilize the ovaries. Thereafter  crosses  were  
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identified and tagged. During the 2012 and 2013 wet 
seasons Two generations comprising of the eight parents 
28 F1 generation (non-segregating generation) were 
evaluated at two locations namely: Mubi, Adamawa state 
(latitude 10° 03 ΄and Longitude 13° 07΄E, altitude 400 
meters above sea level) and Makurdi, Benue state 
(latitude and Longitude E, altitude meters above sea 
level). For field evaluation in both locations a randomized 
complete block design with three replications was 
adopted. Each block included three rows for each parent 
and six rows for each F1 hybrid. Seeds of the F1 hybrid 
and the parents were planted in the field at a spacing of 6 
meter long and 0.60 meter between rows. At two weeks 
after emergence the seedling were thinned to one plant 
per stand. Field management activities applied are similar 
to those indicated in experiment 1.  

For each agronomic character data was collected from 
45 plants randomly selected for each parent, 90 plants for 
each F1 population. Characters measured are plant 
height, branches/plant, days to 50% flowering, days 50% 
flowering, fruit length was measured on 30 pods 
randomly selected from each parent and 80 pods 
randomly selected from each F1 population. Using the 
same set of fruits, the fruit diameter was measured using 
a venire calliper. The number of pods/plant was 
estimated by counting the total pods on 30 parents and 
70 F1 hybrids. Weight of 100 seeds was estimated by 
counting 100 seeds in 10 sets from the parents and 20 
sets for each F1 generation and weighed (g) using a 
sensitive weigh balance. 
 
 
Statistical Analysis 
 
Analysis of Variance (ANOVA) 
 
After detecting significant F values for the population 
(parents and F1s), the analysis of combining ability for 
agronomic characters pooled over years and locations 
was performed by SAS Software (1998) following Method 
II Model 1 of Griffing (1956) using the model: Yijk = µ + gi 
+ gj + sij + lk + (gl )ik + (gl )jk + (sl )ijk + €ijk, where Yijk = 
observation in location k of parents i and j; µ= the general 
mean; gi or gj = GCA effect of parents i or j; sij = SCA 
effect of the cross between parents i and j; lk = effect of 
location k; (gl )ik or (gl )jk interaction effect between GCA 
of parent j or i with location k; (sl )ijk = interaction effect 
between SCA of cross ij and location k; and €ijk = error of 
observation ijk (pooled estimate from analyses of 
individual locations). F values for testing combining 
abilities were calculated. The variance due to general 
combining ability (GCA) by location (δ

2
gcal) was 

computed as the ratio of Ms scal/Mse, where Ms scal = 
Mean squares due to specific combining ability, Mse= 
Mean square error. δ

2
gcal (variance due to gca by 

location) was computed as the ratio of Ms gcal to Ms 
scal.   Where  Ms gcal= Mean  squares  due  to  due  to  

 
 
 
 
general combining ability by location, Ms scal= Mean 
square due to specific combining ability by location.

 
The 

variance due to general combining ability (δ
2
gca) = Ms 

sca/Ms scal; where Ms sca =Mean square due to specific 
combining ability, Ms scal = Mean squares due to specific 
combining ability by location. The variance due to general 
combining ability (δ

2
gca) = (Ms gca + Ms scal)/Ms sca + 

Ms gcal). Where Ms gca = mean square due to general 
combining ability, Ms scal = Mean square due to specific 
combining ability by location, Ms sca = Mean square due 
to specific combining ability, Ms gcal= mean square due 
to general combining ability by location. Broad sense 
heritability (H

2
) was estimated as;  

 
H

2
 = 2 δ

2
gca + δ

2
 sca/2δ

2 
gca + δ

2
sca + (2 δ

2
gca/L) + 

(δ
2
sca/L) + (2 δ

2
e RL) 

 
 Where δ

2
gca = variance due to general combining 

ability, δ
2
sca = variance due to specific combining ability, 

δ
2
sca/L = variance due to specific combining ability by 

location, δ
2
gca/L= variance due to general combining 

ability by location, R= replications and L = locations. 
Heterosis was estimated as follows: Absolute Mid-Parent 
Heterosis = F1 - MPV; Relative Mid-Parent Heterosis = F1 
– MPV/MPV x 100, Absolute High-Parent Heterosis = F1 - 
HPV; Relative High Parent Heterosis = F1 - HPV/ HPV x 
100. 
 
 
RESULTS 
 
Variance Components and Mean performance for 
Agronomic Characters among the Genotypes pooled 
over locations (Mubi and Makurdi) and Years (2012 
and 2013)  
 
The pooled analysis of variance over locations and years 
indicated significant differences (P≤ 0.01, 0.001) between 
locations (L), population (P) and year (Y) for most 
characters (Table 1). However plant height showed 
insignificant estimate among years of evaluation. 
Population (P) by Year (Y) interaction was significant (P≤ 
0.01, 0.001) for all characters except seed weight. The 
Year (Y) by Location (L) interaction returned significant 
difference (P≤ 0.01, 0.001) for days to first flowering, pod 
length, pod width, leaves per plant, pods per plant, 
branches per plant, and fruit yield (t/ha). For population 
(P) by Year (Y) interaction all the characters considered 
returned significant estimates (P≤ 0.01, 0.001) except for 
hundred seed weight. The GCA effects for agronomic 
characters are shown in Table 2. Five parents showed 
negative effects, while three parents had positive effects 
for days to first flowering, The GCA effect was positive 
and high in Parent 5, followed by parent 1 with negative 
effect. Days to 50% flowering showed similar trend of 
result with days to first flowering for parents with highly 
significant positive  
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Table 1. Pooled mean square values for agronomic characters among the population (Parents and Hybrids) West African Okra from 8 x 8 diallel cross in Mubi and Makurdi during 2012 and 
2013 wet season. 
 

Sources of Variation  dF FF D 50F Plt.H Pl Pw Lpp  Brpp  Ppp  Swt 100 Fry 

Year   1 3405.94*** 7973.92*** 103683.55*** 70.19*** 23.29*** 17480.33*** 163.73** 2841.81*** 2.79** 148.00*** 

Population  35 282.30*** 461.52*** 5185.18*** 6.67*** 0.18*** 475.04*** 4.45*** 55.13*** 0.71** 8.21*** 

Location   1 454.28*** 1415.56*** 463.16 15.21*** 0.33*** 15146.67*** 344.83*** 3745.33*** 29.05*** 16.80** 

Replication  4 12.05 7.95 576.95 1.68*** 0.15*** 95.56 1.69 104.49** 0.15 6.26** 

Population x location  35 60.16*** 122.44*** 945.93*** 1.44*** 0.07*** 177.25*** 3.07*** 32.28** 0.54 4.81*** 

Year x Location  1 117.19** 2.37 16.22 177.87*** 6.35*** 1050.08*** 8.33** 1288.23*** 0.02 193.65*** 

Year x Population  35 73.56*** 157.28*** 2634.88*** 1.21* 0.10** 119.33** 2.56** 32.56*** 0.44 3.74** 

Error  319 17.71 22.94 310.82 0.73 0.03 72.25 1.5 10.27 0.33 2.03 
 

FF= first flowering, D50F = days to 50% flowering, Plt.H = plant height, Pl = pod length, Pw = pod width, Lpp = leaves per plant, Brpp = branches per plant, Ppp= Pods per plant, swt100 = weight of 100 
seeds, Fry = fruit yield (t/ha) 

 
 

Table 2. Estimates of General Combining Ability (GCA) effects for Agronomic characters among 8 parents of West African Okra (Abelmoschus 
caillei [A. Chev] Stevels) pooled over locations (Makurdi and Mubi) and years (2012 and 2013). 
 

Parent FF D50F Plt.H Pl  Pw  Lpp  Brpp  Ppp   Swt100 Fry  

P1 -7.35 -11.38 45.81 2.64** 0.18 -12.93 -1.70 4.96 -1.03* 2.06 

P2 -1.45 4.02 35.53*** 1.95*** 0.02 -3.15 -1.74*** 1.00 -0.19 0.68 

P3 -4.83*** -3.78 -29.64*** 0.21 -0.11 -1.167 0.38 1.38 0.09 0.34 

P4 2.98 2.93 -36.77*** -1.54*** -0.26** 7.86** 1.49*** -1.71 -0.09 -1.29 

P5 10.31*** 14.38*** 10.11 -0.93** 0.07 4.70 0.37 -2.36 0.52** -0.79 

P6 2.6*** 5.04** 14.37*** -1.45*** 0.05 3.33 0.24 -3.76** 0.21 -1.30** 

P7 -1.24 -2.29* -24.68*** -0.45** 0.10* 1.82 0.60** 0.56 0.25** 0.52 

P8 -1.03 -0.87 -12.73** -0.32 -0.05 0.05 0.36 -0.07 0.24** -0.21 
 

FF= first flowering, D50F = days to 50% flowering, Plt.H = plant height, Pl = pod length, Pw = pod width, Lpp = leaves per plant, Brpp = branches 
per plant, Ppp= Pods per plant, swt100 = weight of 100 seeds, Fry = fruit yield (t/ha) 

 
 
effects. In contrast parent 2 was negative for days 
to first flowering though positive for days to 50% 
flowering. For plant height, parent 1 recorded 
significantly positive effects, followed by Parent 2, 
though the former was insignificant. On the other 
hand, parent 4 marked significantly high and 
negative GCA effect for plant height. Parent 1 
recorded significantly high GCA effect for pod 
length, followed by parent 2. In contrast high 

negative effect was recorded for Parent 6. 
Considering pod width the GCA effect was 
significantly negative in parent 4. Also, parent 4 
marked high and significantly positive effects for 
leaves per plant and branches per plant, while 
parent 2 recorded a significantly negative effect 
for branches per plant. For pods per plant, parent 
6 recorded a significantly negative GCA effect. 
Parent 1 recorded negative and significant effect 

for seed weight, while parents 5 and 7 recorded 
significantly positive effects for hundred seed 
weight. All the parents considered for fruit yield 
recorded insignificantly negative and positive 
estimates except for Parent 6.The performance 
for agro-nomic characters showed that flowering 
time was late (67.17 days) in Parent 5, P4 × P7 
and P4 × P8, and earliest (44.83 days) in P1 × P2 
(Table 3). For days to 50% anthesis, this was late  
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Table 3. Mean values for agronomic characters among population (parents and hybrids) resulting from 8x8 diallel cross in West 
African Okra pooled over location (Mubi and Makurdi) and years 2012 and 2013. 
 

Population  FF D50F Plt.H Pl  Pw  Lpp Brpp Ppp   Swt100 Fry  

P5 67.17
a 

73.17
a 

55.40
efgh 

7.29
ijkl 

2.71
a 

32.33
abcd 

4.67
a 

13.33
ab 

6.10
a 

2.57
abcdef 

P4 x P8 57.33
b 

63.00
bc 

51.47
fgh 

7.12
jkl 

2.44
abcde 

37.33
abcd 

2.67
cdef 

9.67
cdefgh 

5.19
bcdefgh 

1.51
f 

P4 x P7 57.33
b 

62.83
bc 

42.70
h 

7.08
jkl 

2.30
e 

41.83
ab 

3.83
abcd 

10.33
bcdefgh 

5.01
defgh 

2.18
bcdef 

P4 55.83
bc 

64.67
b 

54.50
efgh 

7.50
hiijkl 

2.31
e 

33.83
abcde 

4.50
ab 

13.33
ab 

5.09
defgh 

1.96
def 

P3 x P7 55.83
b 

61.83
bcd 

47.55
gh 

7.66
ghijkl 

2.39
cde 

42.50
a 

3.33
abcde 

10.00
cdefgh 

4.90
efgh 

2.08
def 

P1 x P5 55.23
bc 

57.83
efgh 

52.55
fgh 

6.78
l 

2.58
abcde 

29.33
bcde 

2.00
ef 

8.00
gh 

5.17
cdefgh 

1.65
ef 

P2 x P8 54.67
bcd 

57.50
eghi 

57.18
defgh 

6.88
kl 

2.46
abcde 

25.33
abcde 

3.00
bcdef 

11.33
abcdef 

5.19
bcdefgh 

1.75
ef 

P6 x P8 54.33
bcde 

59.50
cdef 

75.93
abcd 

7.07
jkl 

2.62
abcd 

34.83
abcde 

3.83
abcd 

8.17
gh 

4.88
efgh 

2.13
cdef 

P5 x P6 54.00
bcde 

60.17
cde 

65.65
bcdefg 

7.48
hijkl 

2.44
abcde 

32.17
abcde 

2.67
cdef 

9.00
efgh 

5.41
bcdef 

1.64
ef 

P6 x P7 53.50
bcdef 

58.67
defg 

51.60
fgh 

7.63
ghijkl 

2.44
abcde 

30.50
abcde 

4.17
abc 

9.50
defgh 

5.22
bcdefgh 

2.50
abcdef 

P4 x P6 52.50
cdef 

52.83
jkl 

46.92
gh 

8.22
defghij 

2.30
e 

32.17
abcde 

3.33
abcde 

11.50
abcdef 

5.44
bcd 

2.45
abcdef 

P6 52.33
cdefg 

60.17
cde 

61.77
cdefgh 

7.30
ijkl 

2.43
abcde 

32.33
abcde 

2.83
cdef 

10.00
cdefgh 

5.02
defgh 

1.48
f 

P2 x P6 51.67
cdefgh 

58.83
defg 

49.70
gh 

8.40
cdefghi 

2.60
abcd 

29.50
bcde 

3.17
bcdef 

10.17
cdefgh 

5.04
defgh 

2.90
abc 

P1 x P6 51.67
cdefgh 

54.67
hijk 

46.93
gh 

8.17
efghij 

2.70
ab 

29.33
bcde 

3.17
bcdef 

10.50
bcdefgh 

4.80
fgh 

2.27
bcdef 

P1 x P4 51.33
cdefghi 

54.00
hijkl 

41.52
h 

8.23
defghij 

2.47
abcde 

23.67
de 

2.67
cdef 

 8.3
h 

5.05
defgh 

2.35
b 

P3 x P4 50.50
defghij 

55.83
fghij 

44.13
gh 

8.16
efghij 

2.66
abc 

31.67
abcde 

2.67
cdef 

12.67
abc

 5.51
abcde 

3.10
abcdef 

P1 x P7 50.00
efghijk 

54.67
hijk 

50.53
fgh 

8.79
abcdefg 

2.48
abcde 

30.33
abcde 

3.17
bcdef 

10.67
bcdefgh 

5.57
abcd 

2.79
abcdef 

P1 x P8 49.33
fghijkl 

54.33
hijkl 

43.93
h 

8.81
abcdefg

 2.57
abcde 

29.67
bcde 

3.17
bcdef 

11.50
abcdef 

5.34
bcdefg 

3.85
ab 

P5 x P6 49.17
fghijkl 

53.83
ijkl 

48.15
gh 

8.51
bcdefghi 

2.34
de 

26.33
cde 

2.50
def 

11.00
abcdefg 

5.60
abcd 

2.68
abcdef 

P1 x P3 49.17
fghijkl 

53.33
jkl 

48.40
gh 

9.21
abcdef 

2.46
abcde 

30.00
bcde 

3.50
abcde 

12.67
abc 

5.55
abcd 

3.63
abcd 

P7 x P8 49.00
fghijkl 

53.33
jkl 

44.58
gh 

8.14
efghij 

2.36
de 

27.50
cde 

3.00
bcdef 

8.67
fgh 

5.14
cdefgh 

2.44
abcdef 

P2 48.83
ghijkl 

51.67
kl 

84.63
ab 

9.72
ab 

2.47
abcde 

25.50
cde 

2.50
def 

14.00
a 

5.33
bcdefg

 3.05
abcdef 

P2 x P3 48.83
ghijkl 

53.83
ijkl 

46.18
gh 

8.05
efghijk 

2.50
abcdef 

32.33
abcdef 

3.00
bcdef 

12.17
abcd 

5.35
bcdefg 

2.35
bcdef 

P2 x P4 48.50
ghijkl 

53.83
ijkl 

59.17
cdefgh 

7.97
fghijkl 

2.54
abcde 

32.17
abcdef 

3.67
abcd 

10.50
bcdefgh 

5.81
ab 

2.19
bcdef 

P5 x P7 48.00
ghijkl 

53.50
jkl 

45.62
gh 

8.07
efghijkl 

2.54
abcdef 

24.17
de 

2.83
cdef 

12.33
abcd 

5.61
abcd 

3.13
abcdef 

P8 47.67
hijkl 

55.17
ghijk 

51.27
fgh 

7.96
fghijkl 

2.42
bcde 

30.50
abcde 

3.00
bcdef 

12.00
abcde 

5.42
bcdef 

2.53
abcdef 

P4 x P5 47.50
hijkl 

51.50
kl 

78.17
abc 

9.45
abcd 

2.50
abcde 

28.67
cde 

2.33
def 

10.50
bcdefgh 

5.33
bcdefg 

3.81
abc 

P1 47.00
ijkl 

51.33
kl 

73.10
abcde 

9.67
ab 

2.35
de 

28.67
cde 

3.17
bcdef 

14.00
a 

5.34
bcdef 

4.03
a 

P7 46.83
ijkl 

52.50
jkl 

43.50
h 

8.41
cdefghi 

2.65
abc 

34.33
abcde 

3.17
bcdef 

11.00
abcdefg 

5.77
abc 

2.23
bcdef 

P3 46.83
ijkl 

52.33
jkl 

45.92
gh 

8.82
abcdefg 

2.36
de 

25.00
cde 

3.00
bcdef 

13.33
ab 

4.90
efgh 

2.81
abcdef 

P3 x P8 46.67
ijkl 

51.33
kl 

89.28
a 

9.62
abc 

2.43
abcde 

36.33
abcde 

1.67
f 

12.67
abc 

5.09
defgh 

3.50
abcd 

P3 x P5 46.50
jkl 

53.50
jkl 

47.97
gh 

8.65
abcdefgh 

2.50
abcde 

22.17
e 

2.33
def 

12.67
abc 

5.41
bcdef 

3.24
abcde 

P3 x P6 46.17
jkl 

52.33
jkl 

44.92
gh 

9.07
abcdef 

2.52
abcde 

28.33
cde 

3.50
abcde 

13.83
a 

4.64
h 

2.69
abcdef 

P2 x P5 45.83
jkl 

52.33
jkl 

45.82
gh 

9.57
abc 

2.55
abcde 

29.50
bcde 

2.83
cdef 

12.00
abcde 

5.20
bcdefg 

3.25
abcde 

P2 x P7 45.67
kl 

52.50
jkl 

50.23
fgh 

9.29
abcde 

2.37
de 

26.33
cde 

2.33
def 

12.17
abcd 

4.71
gh 

3.11
abcdef 

P1 x P2 44.83
l 

50.50
l 

70.65
abcdef 

9.85
a 

2.61
abcd 

29.83
bcde 

2.67
cdef 

13.83
a 

4.97
defgh 

3.24
abcde 

 

FF= first flowering, D50F = days to 50% flowering, Plt.H = plant height, Pl = pod length, Pw = pod width, Lpp = leaves per plant, Brpp = branches per 
plant, Ppp= Pods per plant, swt100 = weight of 100 seeds, Fry = fruit yield (t/ha) 

 
 
(73 days) in parent 5, followed by parent 4. Plant height 
was high (89.28 cm) in P3 × P8 and short plant 
(41.52cm) in P1 × P4. Nine entries recorded mean pod 
length above 9.00 cm; this peaked in P1 × P2, which 
recorded 9.85 cm. Parent 5 and P1 × P6 showed wide 
pods (2.71cm and 2.70 cm respectively). Leaves per 
plant peaked in P3 × P7 (42.50) and low leaves (22.17) in 
P3 × P5. Branches per plant was high (5) in P5, and low 
(2) in P3 × P8. Among locations, pod number was high 
(14) in P2 and low (8) in P1 × P5. Parent 1 recorded a 
pod yield of 4.03t/ha   over   locations   and   years.  In  

contrast,  this performance was low (1.48t/ha) in P6 and 
P4 × P8 (1.51t/ha). A comparison of both locations 
showed that the population evaluated in Mubi flowered 
earlier (46 days) and 50% of the population came to 
anthesis 49 days after planting. In contrast, entries 
evaluated in Makurdi came to anthesis late. For plant 
height, pod length, pod width, leaves per plant, branches 
per plant, seed weight and fruit yield entries grown in 
Makurdi performed better than same set of population 
evaluated in Mubi. In contrast entries grown in Mubi 
recorded  high   mean   for pods  per  plant  compared  to  
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Table 4. Analysis of Variance for Combining Ability and Genetic Components for Agronomic Characters among population from 8 x 8 diallel cross in West African Okra (A. caillei [A. Chev] 
Stevels) evaluated Mubi and Makurdi during 2012 and 2013.  
 

Sources of Variation  DF FF D50F Plt.H Pl Pw Lpp  Brpp  Ppp  Swt 100 Fry 

GCA 7 945.08*** 1696.70*** 16836.40*** 20.19*** 0.47*** 451.99*** 9.13*** 144.31*** 1.46*** 19.26*** 

SCA 28 101.67*** 120.88*** 811.15 2.48** 0.08 260.98*** 2.91** 12.04 0.70*** 3.47 

GCA x Location  7 52.51 169.83*** 1799.85*** 1.90 0.17 133.71 6.49*** 62.31** 0.85** 9.94** 

SCA x Location 26 43.80 61.82 843.20 1.29 0.06 155.69 1.87 18.62 0.42 3.52 

Error 356 32.98 58.43 828.85 1.47 0.12 154.09 1.76 24.00 0.34 3.15 

δ
2
sca  2.32 1.96 0.09 1.93 1.33 1.67 1.56 0.06 1.67 1.09 

δ
2
scaL  1.33 1.06 1.02 0.08 0.50 1.01 1.06 0.07 1.24 1.12 

δ
2
gca  6.41 6.05 6.77 4.90 2.15 1.54 1.17 2.19 1.25 1.17 

δ
2
gcaL  1.20 2.75 2.13 1.47 2.83 0.08 3.47 0.07 2.02 2.82 

Hb   77 63 83 87 50 26 48 21 79 23 
 

FF= first flowering, D50F = days to 50% flowering, Plt.H = plant height, Pl = pod length, Pw = pod width, Lpp = leaves per plant, Brpp = branches per plant, Ppp= Pods per plant, swt100 = weight of 100 
seeds, Fry = fruit yield (t/ha) 

 
 
 
mean   value recorded in Makurdi. 
 
 
Analysis of Variance for Combining Ability and 
Genetic Components for Agronomic 
Characters among hybrids of West African 
Okra (A. caillei [A. Chev] Stevels) from 8 x 8 
diallel cross evaluated Mubi and Makurdi 
during 2012 and 2013  
 
The mean squares analysis for combining ability 
and genetic parameters for agronomic characters 
monitored in Mubi and Makurdi in 2012 and 2013 
(Table 4) returned highly significant difference (P< 
0.001, 0.01) mean squares due to GCA showed 
for all characters. In a similar fashion, the SCA 
mean squares returned highly significant 
differences (P< 0.001, 0.01) for some agronomic 
characters except plant height, pod diameter, 
pods per plant and fruit yield. All characters 
except days to first flowering, pod length, pod 
width and leaves per plant were insignificant for 

GCA × Location interaction. The SCA × Location 
mean squares were insignificant for all agronomic 
characters. The GCA variance was higher in 
magnitude compared to its corresponding SCA 
variance for first flowering, days to 50% flowering, 
plant height, pod width, pods per plant and fruit 
yield. In contrast SCA variances were higher than 
GCA variance for leaves per plant, branches per 
plant and hundred seed weight. The GCA by 
Location (L) mean squares was larger in 
magnitude than the corresponding SCA by 
Location (L) for all characters considered, except 
for leaves per plant. Estimates of GCA by location 
variance are in greater magnitude compared to 
their corresponding SCA by Location variance in 
days to 50% flowering, plant height, pod length, 
pod diameter, branches per plant, seed weight 
and fruit yield. However, both the GCA by 
Location and SCA by Location had equal 
estimates for pods per plant. The broad sense 
heritability for agronomic characters was low 
(21%) for pods per plant, fruit yield (23%) and 

leaves per plant (26%). While pod width recorded 
average (50%) heritability in broad sense, days to 
first flowering, days to 50% flowering pod length 
and plant height were high (63 - 87%).  

The SCA effects pooled across location and 
years for 28 crosses showed that P5 × P8 and P1 
× P5 marked positive (8.01**) and negative (- 
7.69**) SCA effects for days to first flowering 
(Table 5). P5 × P8 and P1 × P5 marked highest 
positive (10.73**) and negative (- 8.71*) SCA 
effects for days to 50% flowering. For days to 50% 
flowering, other cross combinations (P7 × P8, P4 
× P5) recorded low and negative SCA values. The 
SCA effects for plant height were high for most 
cross combinations, both positive and negative 
SCA effects were recorded. The hybrid (P7 x P8) 
recorded significantly high effects though 
negative. This performance was followed by the 
cross P6 x P8 and P1 x P2. Fruit yield recorded 
significantly positive (P2 × P5) and negative (P7 x 
P8) SCA effects though low in magnitude. All the 
SCA values for pods per  plant  were  significantly  
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Table 5. The estimation of specific combining ability (SCA) effect pooled across locations and years for 28 crosses in a diallel crosses of 
West African Okra {Abelmoschus caillel [A. Chev.] Stevels] during 2012 and 2013 evaluation. 
 

Crosses   FF D50F Plt.H Pl  Pw  Lpp  Brpp   Ppp   Swt 100 Fry 

S12 -5.02** -1.16** -29.53** -0.90** 0.07 -0.41 1.58** 2.39** 0.50** 0.36 

S13 -0.20 -1.06** 4.41** 0.44** 0.13 1.97** 0.09 -1.17** 0.12 0.53** 

S14 -0.73 -1.39** 25.70** 1.01** 0.26** -5.96** -1.12** -0.01 -0.10 0.93** 

S15 -7.69** -8.71** 31.99** 1.79** 0.09 -9.08** -1.27** 0.46 -1.10** 0.58** 

S16 4.88** 0.33 30.93** 0.70** 0.14 -0.26 -0.82** 1.44** -0.65** 0.26 

S17 4.27** 3.39** 45.04** 1.21** 0.31** -2.31** -1.68** 1.18** -0.93** 1.23** 

S18 2.48** 4.01** -23.83** -1.44** -0.33** 3.30** 0.53** -1.74** 0.68** -1.33** 

S23 -1.65** -1.27** -10.62** -0.42** -0.04 -5.39** 0.02 -0.32 -0.02 -0.78** 

S24 1.15** 1.07** 14.81** 0.38** 0.10 11.59** -0.52** 0.01 0.06 0.11 

S25 -1.14** -6.26** 40.74** 1.47** 0.14 8.04** -1.67** -0.77** -0.41** 11.36** 

S26 3.52** 2.70** 38.49** 1.88** 0.12 -5.88** -1.72** -0.55** -0.27 1.35** 

S27 3.32** 2.76** 33.07** 1.58** 0.08 -5.01** -0.08** -0.89** -0.91** 0.26 

S28 4.80** 3.10** -27.34** -1.52** -0.11 -0.35 1.50** -1.74** 0.17 -1.27** 

S34 1.87** 2.27** -5.55** 0.09 0.02 6.73** 0.49** 0.27** 0.20 0.29 

S35 -3.35** -1.30** 7.45** -0.24 -0.03 3.59** 0.09 -0.84** -0.07 -0.60** 

S36 0.73** 2.66** 13.37** 0.50** 0.07 4.67** -0.29 -0.28 0.07 -0.15 

S37 0.37 0.96** 22.07** 0.43** 0.15 -1.62 -0.24 0.54 -0.35** 1.17** 

S38 1.15** 0.40** -9.56** -0.11 -0.14 -6.61** -0.70 1.28** -0.11 0.34 

S45 -2.46** -5.51** -10.94** -0.37**        -0.21**      -2.86** 0.28 -1.01** -0.11 -0.36 

S46 0.62  0.70 0.71 -0.30 0.03 0.39 0.81** 0.48 0.36 0.21 

S47 1.08** 1.00** 6.02** -0.17 -0.12 -4.99** -o.64** -0.86** -0.20 -0.01 

S48 -0.12 0.73** -14.33** -0.20 -0.02 -5.69** 0.12 -0.61 0.32** 0.78** 

S56 -0.42 0.74 -19.27** -0.61** -0.03 -6.64** -0.35 -0.59 0.17 -0.45** 

S57 1.54** 1.54** -5.49** -0.29 0.03 -1.52** 0.29 1.99** -0.24** -0.42 

S58 8,01** 10.73** -20.20** -0.68** -0.02 4.28** 1.58** 0.30 1.11** 0.06 

S67 -1.57** -1.33** -16.99** -0.01 0.02 -1.47** 0.56** 0.17 0.31 0.49** 

S68 -5.06** -3.73** -31.28** -1.38** -0.14 5.79** 1.39** -0.27 0.58** -1.13** 

S78 -6.46** -5.85** -56.52** -1.93** -0.28 10.67** 1.98** -0.75 1.53** -1.60** 
 

FF= first flowering, D50F = days to 50% flowering, Plt.H = plant height, Pl = pod length, Pw = pod width, Lpp = leaves per plant, Brpp = branches per 
plant, Ppp= Pods per plant, swt100 = weight of 100 seeds, Fry = fruit yield (t/ha) 

 
 
 

positive or negative. For 100 seed weight, significantly 
positive (P7 × P8, P5 × P8) and negative (P1 × P5, P2 × 
P7, P3 × P7). The leaves per plant recoded significantly 
positive SCA value in the cross P2 × P4. The branches 
per plant returned positive and significant SCA effects 
(P7 × P8, P5 × P8 and P1 × P2) and significantly 
negative effects in the cross (P2 × P6 and P2 × P5). 

The magnitude of heterosis was variable for the 
different characters and cross combinations (Table 6). 
For days to first flowering, the AMPH was positive in the 
cross P2 x P5 and P2 x P8, negative in the cross P5 × 
P7, P5 × P6, P5 × P8 and no heterosis in the cross P7 x 
P8. The heterotic estimates for days to 50% flowering 
varied, this were positive or negative. The MPV and 
AMPV returned positive heterosis in the cross P2 × P8 
and P3 × P5 and negative heterosis in the cross P5 x P7. 
The largest negative heterosis for plant height was 
recorded in the cross P2 × P4 for AMPV, RMPV and 
RHPV. In contrast the cross P1 × P2 recorded a positive 

value for AMPV, RMPV and RHPV. The heterosis for pod 
width was moderate and positive in the cross P4 × P8 
and moderate and negative in the cross P1 x P6 for 
AMPV, RMPV and RHPV heterotic models. The 
expression of AMPV, RMPV and RHPV for pod length 
was positive in two cross combinations (P4 x P8 and P5 x 
P8) and negative in the cross P1 x P6 and P1 x P7. Nine 
cross combinations marked positive values for AMPV, 
RMPV and RHPV for pod length. The hundred seed 
weight recorded negative (P1 x P5) and positive 
heterosis (P4 × P6 and P4 × P8). The estimates of 
AMPV, RMPV and RHPV were largely negative for 100 
seed weight (P2 x P8, P1 x P4, P1 x P6 and P6 x P7) 
and positive heterosis for P5 x P7. For fruit yield (t/ha) the 
RMPV was in excess of 100% in some cross 
combinations. Positive and high heterosis in the cross P 
2 × P 6, P 2 × P8, P4 × P7, P5 × P7, P5 × P8, P6 × P8, 
while negative estimates were noted in the cross P1 × 
P2, P1 × P3 and P1 × P4.  
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Table 6. Estimates of heterosis for agronomic characters among segregating population of West African Okra from 8 x 8 diallel crossing pooled over  locations (Mubi and Makurdi) 
and years (2012 and 2013). 
 

Hybrid DFF D50F Plt.H Pw Pl 

MPV HPV AMPV MPV HPV AMPV RMPV AMPV RHPV RMPV AMPV RHPV RMPV AMPV RHPV 

P1 x P2 0.92 -3.82 0.42 -1.33 -3.59 -0.67 31.97 23.00 21.79 1.02 0.10 -1.50 3.68 0.35 -1.50 

P1 x P3 -0.28 -3.47 -1.33 -1.31 -1.31 -0.67 -16.94 -10.00 -24.61 10.45 -1.15 -17.92 -24.18 -2.66 -30.50 

P1 x P4 3.75 -2.17 1.91 -1.34 -10.20 -0.76 -18.03 -11.00 -23.07 -17.29 -1.48 -29.20 -17.11 -1.48 -29.20 

P1 x P5 -1.15 -11.39 -0.67 -7.37 -24.16 -4.83 -15.25 -9.00 -23.08 1.84 0.16 -11.40 1.83 0.16 -11.40 

P1 x P6 6.00 -2.70 3.16 3.89 -6.76 2.24 -9.52 -6.00 -12.30 -29.88 2.57 -39.70 -29.88 -2.57 -39.70 

P1 x P7 1.02 -1.00 0.50 2.88 0.94 1.50 -18.52 -10.00 -32.30 -27.31 -2.30 -28.40 -24.23 -2.29 -28.40 

P1 x P8 -0.36 -0.69 -0.17 -2.23 -4.94 -1.17 -17.24 -10.00 -26.15 -18.64 1.64 -28.40 0.002 0.02 -11.80 

P2 x P3 3.87 -0.36 1.75 0.97 -0.33 0.49 -30.00 -21.00 -42.30 -8.28 -0.89 -17.83 -8.28 -0.89 -17.83 

P2 x P4 10.27 -0.61 5.00 9.08 -1.88 5.08 -52.27 -35.00 -58.97 -3.80 -0.32 -14.95 -3.80 -0.32 -14.95 

P2 x P5 13.78 -7.47 7.75 9.76 -11.04 6.33 23.61 17.00 14.00 7.46 1.03 -4.73 7.46 0.63 -4.42 

P2 x P6 8.43 -4.92 4.25 8.92 -3.38 5.08 12.85 9.00 1.28 1.56 0.13 -16.74 1.56 0.13 -10.73 

P2 x P7 6.98 0.00 3.25 6.55 2.21 3.33 -21.31 -16.00 -38.46 -22.17 -2.04 -19.93 3.26 0.30 0.001 

P2 x P8 21.82 16.48 9.91 10.28 5.87 5.33 -27.69 -18.00 -39.74 -8.57 -0.21 -12.50 2.92 0.25 -7.95 

P3 x P4 7.39 0.61 3.74 3.96 -5.37 2.24 1.85 1.00 -1.79 -2.49 -0.06 -8.20 -23.32 -2.25 -38.33 

P3 x P5 8.30 -8.92 4.83 18.58 12.17 -2.91 -3.77 -2.00 -5.56 -12.55 -0.33 -14.81 -18.56 -1.80 -34.17 

P3 x P6 5.08 -4.35 2.66 14.79 0.98 8.74 13.79 8.00 6.06 -3.45 -0.09 -4.98 -11.66 -1.12 -26.67 

P3 x P7 3.44 0.68 1.67 2.25 0.32 1.17 -6.12 -3.00 -14.81 -12.77 -036 -17.87 -21.53 -2.25 -31.67 

P3 x P8 2.09 1.75 0.99 1.28 -1.54 0.67 -30.30 -20.00 -38.46 -10.61 -0.26 -14.45 -22.45 2.20 -36.67 

P4 x P5 5.00 -6.51 3.08 3.15 -8.34 2.24 -1.63 -1.00 -6.15 4.84 0.12 -3.70 15.65 1.15 10.81 

P4 x P6 -2.55 -5.51 -1.42 -3.87 -7.44 -2.50 1.69 1.00 -3.28 -2.44 0.06 -9.43 15.86 1.15 13.51 

P4 x P7 -7.22 -10.80 -3.75 -9.13 -15.83 -5.26 -10.00 -5.00 -19.64 -16.72 -0.48 -21.25 0.09 0.08 -8.09 

P4 x P8 -0.49 -0.68 -0.25 -7.90 -13.95 -4.59 -32.83 -22.00 -37.18 30.43 0.70 28.75 37.33 2.80 35.53 

P5 x P6 -14.75 -21.93 -9.34 -9.19 -16.46 -6.76 -24.00 -18.00 -35.96 15.21 0.40 12.22 12.00 0.90 13.51 

P5 x P7 -16.25 -27.96 -9.67 -20.30 -33.73 -13.50 -31 -21.80 -49.44 1.04 0.03 -3.43 14.11 1.15 -4.49 

P5 x P8 -14.30 -27.71 -8.34 -17.16 -30.63 -11.50 -11.30 -6.00 -12.96 9.12 0.23 1.85 46.67 3.50 44.73 

P6 x P7 -9.02 -15.08 -4.84 -12.28 -21.35 -7.26 -1.93 -1.00 -16.39 -19.42 -0.54 -23.02 1.11 0.09 7.10 

P6 x P8 -7.08 -15.22 -3.72 -7.86 -16.88 -4.76 -14.28 -8.00 -6.56 10.44 0.26 -6.03 18.92 1.40 15.79 

P7 x P8 0.00 -2.33 0.00 1.87 0.93 1.00 21.28 10.00 -15.69 6.11 0.16 -4.47 4.49 1.05 9.39 

 
FF= first flowering, D50F = days to 50% flowering, Plt.H = plant height, Pl = pod length, Pw = pod width, Lpp = leaves per plant, Brpp = branches per plant, Ppp= Pods per plant, swt100 = weight of 100 
seeds, Fry = fruit yield (t/ha) 
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Table 6. Estimates of heterosis for agronomic characters among segregating population of West African Okra from 8 x 8 diallel crossing pooled over  locations and years 
(2012 and 2013). 
 

 Ppp Swt  100 Fry Brpp 

Hybrid RMPV AMPV RHPV RMPV AMPV RHPV RMPV AMPV RHPV RMPV AMPV RHPV 

P1 x P2 -48.14 -6.50 -56.25 19.53 1.14 18.39 -60.11 -2.23 -69.42 -6 -1 -8 

P1 x P3 -21.74 -2.50 -25.00 2.03 -0.11 -9.84 -54.64 -2.65 -54.73 -22 -6 -25 

P1 x P4 -23.81 -2.5 -27.27 -11.09 -0.58 -20.19 -51.56 -1.65 -67.98 -48 -16 -48 

P1 x P5 -9.09 -1.00 -9.09 -25.68 -1.50 -25.68 -5.32 -0.02 -22.73 -39 -11 -45 

P1 x P6 -15.79 -1.50 -27.27 -14.18 -0.79 -18.98 -19.61 -0.61 -48.35 -54 -19 -22 

P1 x P7 -13.04 -1.50 -16.67 -0.06 -0.04 -3.81 -16.54 -0.86 -21.06 -48 -13 -53 

P1 x P8 -15.78 -1.50 -9.91 5.03 0.28 -0.08 44.98 1.39 -9.56 -44 -16 -56 

P2 x P3 -28.57 -4.00 -37.50 -5.24 -0.28 -12.39 17.74 0.66 -9.88 -23 -6 -28 

P2 x P4 -4.34 -0.50 -31.25 9.46 0.49 -1.91 -9.66 -0.20 -27.52 -38 -13 -51 

P2 x P5 -25.92 -3.50 -37.50 -0.05 -0.03 -4.50 -39.92 -1.05 -41.04 -46 -13 -51 

P2 x P6 -16.67 -2.00 -37.50 3.81 0.21 -0.09 102.02 2.02 55.04 -2 -1 -20 

P2 x P7 7.14 1.00 -6.25 -1.52 -0.08 -4.29 -30.47 -1.24 -49.00 -11 -3 -20 

P2 x P8 40.00 4.00 16.67 -19.75 1.10 -22.53 135.20 2.65 76.68 -54 -19 -63 

P3 x P4 -27.21 -3.00 -92.00 9.64 0.46 5.44 -38.63 -1.24 -59.26 -31 -11 -41 

P3 x P5 -39.13 -4.50 41.67 -1.36 -0.07 -4.53 87.27 3.29 45.27 2 10 -9 

P3 x P6 10.00 1.00 -16.67 11.37 0.58 8.40 44.55 1.39 -7.20 -27 -8 -53 

P3 x P7 8.33 1.00 -8.33 8.35 -0.47 -9.04 7.29 0.38 0.07 -20 -6 -23 

P3 x P8 10.00 1.00 -8.33 12.35 0.63 9.35 32.58 1.01 -15.43 -35 -13 -47 

P4 x P5 -5.00 -0.50 -9.09 19.43 0.96 11.32 36.32 0.77 86.45 16 6 2 

P4 x P6 11.11 1.00 0.00 20.40 1.00 12.59 -49.86 -1.77 -67.93 47 2 -8 

P4 x P7 9.09 1.00 20.00 3.49 0.19 10.63 224.83 3.26 203.87 -33 -12 -41 

P4 x P8 11.11 1.00 0.00 24.84 1.22 16.98 41.29 0.83 5.97 -25 -11 -28 

P5 x P6 -5.26 -0.50 -18.18 7.40 0.39 6.79 -19.14 -0.76 -39.45 3 1 -15 

P5 x P7 -13.04 -1.50 -16.67 -2.86 -1.66 -34.21 113.82 2.28 60.07 58 18 58 

P5 x P8 5.26 0.50 9.09 12.14 0.64 11.51 181.62 2.47 42.72 25 13 6 

P6 x P7 0.00 0.00 -16.67 -5.03 -0.29 -13.02 36.02 0.49 34.06 -47 -18 -55 

P6 x P8 12.50 1.00 0.00 7.02 0.37 7.06 106.59 1.78 -69.91 -13 -6 -15 

P7 x P8 -10.00 -1.00 -25.00 7.04 0.32 7.02 -46.38 -1.60 -66.67 18 7 -2 

 
FF= first flowering, D50F = days to 50% flowering, Plt.H = plant height, Pl = pod length, Pw = pod width, Lpp = leaves per plant, Brpp = branches per plant, Ppp= Number ofPods per plant, swt100 = 
weight of 100 seeds, Fry = fruit yield (t/ha) 



 
 
 
 
DISCUSSION 
 

Evaluation of Agronomic Characters among 20 
accessions of West African Okra (Abelmoschus 
caillei [A. Chev.] Stevels)  
 

Significant differences (P < 0.05) during 2012 and 2013 
evaluation for characters correspond to the magnitude of 
variation among the entries. On the other hand, non - 
significant mean squares for genotypes by environment 
(year) interaction (GEI) (not shown) for yield and yield 
component characters implied a large genetic difference 
among the entries and that environmental differences 
(rainfall, temperature and soil fertility) between years of 
evaluation had no influence on the expression of yield 
and yield component characters. The relative differences 
for agronomic characters are consistent within year and 
over years. The entries displayed varying degree of variation 
for agronomic characters and promising accessions for 
earliness and yield component characters were identified. 
  
 

Combining and Genetic Components for Agronomic 
Characters among hybrids from 8 × 8 diallel cross of 
West African Okra (Abelmoschus caillei [A. Chev] 
Stevels) 
 

Significant differences among locations, years and 
genotypes by location interaction for earliness, plant 
height, pod yield and yield component characters implied 
high variability among the parents and hybrids in their 
responses to different soil and climatic changes in both 
years and locations. This underscores earlier view of 
Ariyo et al. (1987) that climatic (environment) component 
played significant role in phenotypic expression of 
agronomic characters in West African Okra. The authors 
suggested that ignoring environmental component in the 
fields would likely reduce genetic progress and advances 
in selection. The corollary is that climatic (rainfall, 
sunshine, relative humidity etc) variation among locations 
could be an important factor in breeding for desirable 
characters including pod yield in north Eastern Nigeria. 
As the ecological settings of the trial sites are different, 
the performance of the parents and F1s was variable 
across locations. This presupposes a multi location 
genotype performances assessment in the early stage of 
the evaluation. A higher magnitude of Population by 
Location Interaction (PLI) variance disagrees with the 
contemporary stability philosophy of hybrids. The prepon-
derance of interaction effects of the population with 
location complements the need for multiple environment 
tests to select potential parents and hybrid combination.  

The preponderance of GCA variance for agronomic 
characters except for pod diameter, seed weight and fruit 
yield reflects additive and additive × additive type of gene 
action. The best performing parent across locations and 
years may be produced by crossing parents with the 
highest GCA effect for desirable character. With additive 
gene   effect   early   generation   selection   among  the  
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segregating population will evolve desirable open 
pollinated and hybrids varieties on upon which new crop 
varieties can be developed after periods of selfing. With 
high additive gene effect, the breeder can practice 
recurrent selection and pedigree selection methods to 
evolve desirable genotypes for multi location testing. 
Significant GCA effects recorded among parents for 
flowering (days to first flowering and days to 50% 
flowering) suggest that parents with positive and high 
values are late maturity type and may constitute late 
maturity group. In contrast, parents with low and negative 
GCA effects for maturity time signified earliness. Among 
the population investigated the interval between 
appearance of first flower and fruit development was 
short, medium and large among the parents for both 
environments. This implied sensitivity of the population to 
different environmental factors. Therefore, these parents 
could be hybridized with other promising genotypes or 
commercial varieties to generate populations with varying 
maturity types and pod yield. The significant GCA x 
Location for days to 50% flowering, plant height, 
branches per plant, pods per plant, seed weight and fruit 
yield indicated wide genetic base of these characters. 
Parents 5 was best performer for earliness, plant height, 
leaves per plant, while parents 1 and 2 are promising for 
pod length, pod width and pod number. They exhibited 
significant GCA × Location effects and could be ideal 
general combiners. These parents may probably have 
genes that can be introgressed into other promising lines 
for improvement in earliness and high yield. However 
parent 6 is a poor combiner and not stable for pod yield 
due to significantly negative GCA by Location effects.  

Among the hybrids non-additive gene was important for 
flowering time though with positive (P5 × P8) and 
negative (P1 × P5) SCA effect among the hybrids. Signi-
ficantly positive SCA effects for plant height (P1 × P7), 
seed weight (P7 × P8), fruit yield (P2 × P5), pod length 
(P2 × P6), branches per plant (P5 x P8) are consistent 
with observations in okra genotypes in India, West Africa, 
USA and Turkish origin (Duzyaman and Vural, 2002). 
This emphasizes the possibility of developing new 
hybrids for pod yield. The GCA mean square effect was 
approximately few folds the SCA mean square effect for 
days to first flowering, days to 50% flowering, plant 
height, pod length, leaves per plant, branches per plant, 
pods per plant, seed weight and fruit yield (t/ha). The 
findings in this study are in line with those of Ariyo et al. 
(1987) and Adeniji and Kehinde (2003).  
 
 
Heritability and Heterosis for Agronomic Characters 
among the segregating population from 8 × 8 diallel 
cross in West African Okra (Abelmoschus caillei [A. 
Chev] Stevels)  
 

The broad sense heritability estimates are in some cases 
higher than 40% or less for agronomic characters 
investigated. High broad sense heritability  for  earliness,  
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plant height, and pod length, pod width and seed weight 
showed consistence with high additive gene effects. 
Moderate (50%) to high (83%) heritability estimates in 
broad sense are consistent with findings reported by 
Ariyo (1993) and Adeniji (2008) in Abelmoschus 
esculentus [L] Moench and Abelmoschus caillei A. Chev 
respectively. Significant improvement in pod yield can be 
accomplished if F1 population are selected based on high 
additive gene and moderately high broad sense 
heritability. However low heritability estimates for some 
characters corresponds to non additive gene (dominance 
and epistasis). Hybrid vigor was important for maturity 
types and the possibility of developing early, medium and 
late maturing types through selection. The hybrids 
showed between 12 to 21% higher yield than the mean of 
their parents. Some hybrids showed marginal increase in 
plant height this was consistent with previous those 
reported by Mehta et al. (2007) and Medagam et al. 
(2012) in A. esculentus. However, dwarfism among the 
hybrids was associated with negative heterosis. All the 
F1s had positive AMPH, RMPH and RHPH for pod 
diameter. About 28 and 30% of the phenotypic 
improvement over the mean of the parents was found. 
For pod length, between 38% and 46% higher was 
recorded in RMPV and RHPV. About 40% improvement 
in fruit yield was recorded in the cross P2 × P8 and P3 × 
P5 for RMPV and RHPV. Considerable quantities of 
heterosis for fruit yield in this investigation is consistent 
with those reported for Abelmoschus esculentus (Mehta 
et al., 2007, Weerasekara et al., 2007; Jindal et al., 2009 
and Medagam et al., 2012). Considering the F1s that 
gave higher than 100% RMPH and RHPH, heterotic 
response will likely be maximized because: (i) the F1 
seed was obtained by hand pollination that ensure 100% 
purity in seed; (ii) the parental divergence was high as 
the parents were originated from seven different 
geographic locations in Nigeria. The average RHPH, 
AMPH and RMPH was virtually zero for some characters, 
although some F1s expressed positive estimates for 
some agronomic characters. The performance of parent 
and F1s was variable across locations; this presupposes 
a multiple location population performance assessment.  
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