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ABSTRACT 

A numerical taxonomic study was conducted to investigate the patterns of morphological and 

phenological variations in 45 okra accessions from different agroecological zones of Ghana dur-

ing the rainy season of 2005. The results of the study showed that there were two main phenetic 

groupings of okra accessions in Ghana based on both 14 quantitative and 17 qualitative mor-

phological and phenological characteristics. These two phenetic groupings could be tentatively 

linked to the taxonomic descriptions of A. esculentus and A. caillei accessions. Morphological 

and phenological characters like stem diameter, leaf length, petiole length, fruit positions and 

days to flower opening were identified as diagnostic characters that could be used to separate 

okra accessions in Ghana into A. esculentus and A. caillei. The study also indicated that there 

was a weak agroecological adaptation among the 45 okra accessions and therefore agroecologi-

cal origins of the various accessions could not be used as one of the criteria in the development 

okra core collection in Ghana. 

INTRODUCTION 

The genus Abelmoschus (L.) Moench consists 

of ten species (IBPGR, 1991) and according to 

Hamon and van Stolen (1995), four of these 

species are extensively cultivated and are col-

lectively known as okra or okro. These species 

are A. esculentus (L.) Moench, A. caillei 

(A.Chev.) Stevels, A. manihot and A. mo-

schatus. In this study, the name okra or okro 

was restricted to A. esculentus and A. caillei.  

Abelmoschus esculentus is cultivated world-

wide but that of A. caillei is restricted to Cen-

tral and Western regions of Africa. Both spe-

cies are cultivated mainly for their young fruits 

and leaves. The young fruits and leaves of okra 

are high in calcium and the seeds are rich in 

protein (20% of dry matter) and vegetable oil 

(14% of dry matter) (Charrier, 1984). In terms 

of okra production, Ghana is the fourth major 

okra producing country in the world with an 

average production of 100,000 metric tonnes 

per year (FAOSTAT, 2005). The two cultivated 

species may contribute significantly to the 

socio-economic development of local and com-

mercial farmers in their communities. 

In spite of their socio- economic importance, 

there are several taxonomic problems of culti-

vated okra species in Ghana which have not 

been satisfactorily investigated. In Ghana, some 

cultivated okra species belonging to A. caillei 
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are erroneously identified as A. esculentus in 

some research institutions. In an effort to con-

serve okra genetic diversity, the Plant Genetic 

Resources and Research Institute (PGRRI) at 

Bunso has collected several okro accessions 

from different parts of the country which have 

not been taxonomically identified nor classi-

fied. 

Numerical taxonomy is a numerical technique 

that simultaneously examines several plant taxa 

against several taxonomic characters to deter-

mine their taxonomic structure such as the 

number of families, genera, species, subspecies, 

varieties and forms in their range of distribution 

(Kent and Cooke, 1992; Bakus, 1990; Crovello, 

1974; Sneath and Sokal, 1973). Methods of 

numerical taxonomy are objective, repeatable 

and tentative (Sneath and Sokal, 1973). 

According to Hazekamp and Guarino (1999), 

improvement in the management, utilization 

and conservation of plant genetic resources 

depends on basic taxonomic information such 

taxonomic keys, classification schemes, herbar-

ium data, descriptions of plant taxa and docu-

mentation. Numerical taxonomic study of okra 

accessions in Ghana could therefore, provide 

the basic taxonomic information such as identi-

fication and classification schemes, descrip-

tions and documentation for effective manage-

ment, utilization and conservation programmes. 

Siemonsma (1982) was the first research scien-

tist in Western Africa to identify that cultivated 

okra species consist of A. esculentus and an 

unknown taxon, Abelmoschus species, using 

morphological, cytogenetical and agronomical 

characters. Later, the unidentified okra species 

was described and named as A. caillei by Ste-

vels (1988).  Abelmoschus esculentus and A. 

caillei are similar in several morphological 

characteristics (Siemonsma and Kouame, 2004; 

Siemonsma and Hamon, 2004) and this level of 

morphological similarity between the two spe-

cies has created taxonomic problem of differen-

tiating between the two cultivated okra species 

and their varieties in the field by famers and by 

other field collectors. 

Despite the level of morphological similarities 

between the two cultivated species, some re-

search workers have used numerical taxonomic 

techniques to study and understand the pattern 

of morphological and phenological variations 

between the two species. For example, in 

southern Nigeria, Omonhinmin and Osawaru 

(2005) observed that A. caillei accessions are 

more variable than A. esculentus in terms of 

their flowering period, epicalyx segments, fruit 

characters, pedicel length and plant height, us-

ing phenetic methods. Velayudhan et al. (2007) 

also noted that A. caillei could easily be distin-

guished from A. esculentus by its large leaves, 

thick stem and unique shape of its fruits. 

The Plant Genetic Resources and Research 

Institute (PGRRI), Bunso, is the national insti-

tution mandated to explore, collect, character-

ize, evaluate and document plant genetic re-

sources against genetic erosion in the country 

(Bennet-Lartey, 1996). In an effort to collect 

and conserve okra genetic diversity, PGRRI has 

collected over 500 okra accessions which have 

not been taxonomically investigated. Thus, the 

purpose of the present study was to investigate 

the patterns of morphological and phenological 

variations of okra accessions in Ghana that 

could provide basic taxonomic information 

such as identification and classification 

schemes, description and diagnostic characters 

for their effective management, documentation, 

utilization and conservation programmes. Ac-

curate and basic taxonomic information will 

provide the needed scientific basis for the col-

lection of accessions in the field for conserva-

tion programmes and also for the selection of 

accessions for gene bank activities (Spooner et 

al., 2003). 

Different aspects of the study included: (1) nu-

merical taxonomic investigation of the patterns 

of quantitative morphological and phenological 

characters variation of 45 okra accessions to 

understand the taxonomic structure of the ac-

cessions; (2) numerical analysis of the patterns 

of qualitative morphological and phenological 

characters variation of okra accessions; (3) nu-

merical character analysis of the okra acces-
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sions to identify diagnostic characters for the 

separation of the two cultivated okra species. 

 

MATERIAL AND METHODS 

Sources of the okra accessions 

Fifty okra accessions (Table 1) were obtained 

from the gene bank of PGRRI, Bunso for the 

study. Two standard cultivars, Legon Fingers 

and Clemson Spineless, of A. esculentus origin 

were also obtained from the University Farm 

for the study. The two standard cultivars were 

used to detect the patterns of distribution of A. 

esculentus accessions among the 45 okra acces-

sions in multidimensional space. The 50 okra 

accessions were also selected to cover the six 

agroecological zones of Ghana (Meteorological 

services department, 1990), except the Forest 

zone  
 

Cultivation Experiment 

The cultivation experiment of okra accessions 

was conducted at the University Farm of the 

Department of Crop Science, University of 

Ghana. The University Farm lies within the 

coastal savannah zone of Ghana (Meteoro-

logical Services Department, 1990). 

A total of 52 okra accessions, 50 accessions 

from PGRRI, Bunso, and 2 accessions from the 

University Farm, were planted in June 2005 

during the rainy season in a randomized com-

plete block design (RCBD) with three replica-

tions (blocks) in an experimental field plot. 

Four seeds were sowed in a planting hole to 

increase their germination percentage and out 

of the 52 okra accessions planted, 45 accessions 

germinated to maturity stage. After three weeks 

of seedling growth, the okra seedlings were 

thinned to one seedling per hole. 

 

Selection and measurement of taxonomic 

characters 

A combination of 35 morphological and 

phenological characters of the accessions was 

selected as taxonomic characters for the study 

(Table 2) using the recommendations given by 

Crovello (1974) for numerical taxonomic study. 

The 35 taxonomic characters consisted of 18 

quantitative characters and 17 qualitative char-

Coded 

Name 

Accession  

Number 
Agro ecological  

Zone 

1S GH4111 Sudan Savannah 

2S GH4115 Sudan Savannah 
3G GH3811 Guinea Savannah 

4T GH3815 Transitional 

5T GH4372 Transitional 
6T GH5332 Transitional 

7T GH4392 Transitional 

8T GH4376 Transitional 
9T GH5321 Transitional 

10T GH5316 Transitional 

11T GH4373 Transitional 
12T GH3760 Transitional 

13T GH4402 Transitional 

14T GH4358 Transitional 
15T GH4391 Transitional 

16T GH4352 Transitional 
17T GH4374 Transitional 

18T GH5302 Transitional 

19D GH4406 Deciduous Forest 
20C GH3731 Coastal Savannah 

21T GH5778 Transitional 

22D GH3742 Deciduous Forest 
23D GH6212 Deciduous Forest 

24D GH4964 Deciduous Forest 

25C GH6076 Coastal Savannah 

26T GH5797 Transitional 

27T GH5789 Transitional 

28T GH5793 Transitional 
29 GH5786 Transitional 

30T GH5787 Transitional 

31D GH6210 Deciduous Forest 
32C GH6214 Coastal Savannah 

33T GH5782 Transitional 

34T GH5777 Transitional 
35C GH3731 Coastal Savannah 

36T GH6209 Transitional 

37C GH6102 Coastal Savannah 
38C GH6103 Coastal Savannah 

39D GH3734 Deciduous Forest 

42LFC Legon Fingers Coastal Savannah 
43D GH4508 Deciduous Forest 

44D GH4511 Deciduous Forest 

45C GH4492 Coastal Savannah 
46C GH4502 Coastal Savannah 

47C GH4499 Coastal Savannah 

48D GH3746 Deciduous Forest 
49C GH4482 Coastal Savannah 

50C GH4487 Coastal Savannah 

51CSC Clemson Spineless Coastal Savannah 

Table 1: Coded okra accessions and their 

agroecological zones of Ghana 

Key: C = Coastal Savannah Zone  

D = Deciduous Forest Zone 

 S = Sudan Savannah Zone 

G = Guinea Savannah Zone 
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acters and were based on both taxonomic litera-

ture and IBPGR okra descriptors’ list (Charrier, 

1984). 

Each okra accession was considered as an op-

erational taxonomic unit (OTU) and 10 individ-

ual plants of each accession were selected from 

the experimental plot for taxonomic measure-

ment and study. All the quantitative taxonomic 

characters of the okra were measured with me-

tre rule, vernier calliper and micrometer screw 

gauge during the flowering and fruiting stages, 

when the plants were considered to be matured. 

No. Characters Measurements Units 

  (a) Vegetative   

1 Plant Height Cm 

2 Stem diameter(at base) Cm 

3 Plant height / diameter (Plant shape)   

4 Leaf length Cm 

5 Leaf width Cm 

6 Leaf length / width (Leaf shape)   

7 Leaf length x width (Leaf area)   

8 Petiole length Cm 

9 Plant height / petiole length   

  (b) Phenological   

10 Days to flower bud formation   

11 Days to flower opening   

12 Days to fruit formation   

  (c) Reproductive   

13 Fruit length Cm 

14 Fruit width Cm 

15 Fruit length / width (Fruit shape)   

16 Fruit length x width (Fruit area)   

17 Fruit mass G 

18 Seed size Mm 

  (d) Qualitative   

19 Leaf petiole green   

20 Leaf petiole green/purple   

21 Leaf petiole purple   

22 Leaf vein green   

23 Leaf vein green/purple   

24 Leaf vein purple   

25 Leaf margin deeply lobed   

26 Leaf margin slightly lobed   

27 Fruit green   

28 Fruit green/purple   

29 Fruit purple   

30 Fruit sculpture slightly ribbed   

31 Fruit sculpture strongly ribbed   

32 Fruit sculpture smooth   

33 Fruit position erect   

34 Fruit position horizontal   

35 Fruit position pendulous   

Table 2: List of morphological, phenological and chemical characters measured 
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Qualitative vegetative characters like leaf peti-

ole colour, leaf vein colour, leaf margin, were 

observed and recorded with the help of a Mun-

sell colour chart in a recording notebook. 

 

Statistical Analyses 

Eighteen quantitative morphological and 

phenological variables of the various okra ac-

cessions were computed into means, standard 

deviations (SD), and coefficients of variation 

(CV) but only the means were used in perform-

ing principal component and cluster analyses. 

The results of principal component and cluster 

analyses are complementary and the combina-

tion of the two numerical techniques in a nu-

merical taxonomic study as suggested by 

Clarke and Warwick (1994) may significantly 

contribute to the understanding of the multi-

variate data of the OTUs understudy. 

The 18 quantitative morpho-phenological vari-

ables were assessed for principal component 

analysis by using the methods of (Manly, 

1984), Goodman (1974); Zaharof (1988); and 

Alvarez (1996). From the assessment, 14 quan-

titative morpho-phenological characters, 

namely, plant height, stem diameter, plant 

height/ diameter, leaf length, leaf width, leaf 

length/width, petiole length, plant height/ peti-

ole length, days to flower opening, fruit length, 

fruit width, fruit length/width, fruit length x 

width, and fruit mass were then selected for the 

estimation of similarity and dissimilarity coeffi-

cients. 

Similarity coefficient among the 45 okra acces-

sions was then estimated by calculating Pear-

son’s correlation coefficient. The correlation 

coefficients were then used to perform the prin-

cipal component analysis, using the regression 

factor method. Before performing cluster analy-

sis, the 14 quantitative morpho-phenological 

data were standardized by ranging before calcu-

lating their dissimilarity coefficient. Dissimilar-

ity coefficient was estimated by calculating 

Euclidean distances for all pairs of OTUs be-

fore plotting their dendrograms using UPGMA 

method. Qualitative data of the 17 morpho-

phenological data were converted to present or 

absent data before performing the cluster analy-

sis. The SPSS software (version 16 for Win-

dows, 2007) was used. 

 

RESULTS 
Patterns of quantitative morpho-phenolo-

gical variations of okra accessions 

From the ordination plot (Figure1), five main 

groupings of okra accessions were identified. 

Group one consisted of accessions such as 38C, 

26T, 35C, 36T, 28T, 29T, 34T, 46C, 45C, 49C 

and 42LFC. Group two was made up of acces-

sions like 14T,10T,41C, 25C, 37C, 15T, 47C,  

32C,  31D, 43D, 40D, 13T, 5T, and 21T. Group 

three consisted of accessions 17T, 7T, 23D, 

27T, 33T, and 51CSC. Group four had acces-

sions such as 18T, 16T, 6T, 2S, 3G, 8T, 20C, 

and 24D; and lastly group five was made up of 

accessions 11T, 30T, 9T and 12T. Critical ex-

amination of Factor score 1 against Factor 

score 2 of Figure 1 indicated that Factor score 1 

was more effective in separating the 45 OTUs 

into distinct groups than Factor score 2. Factor 

score 1 separated the 45 okra accessions into 

two main groupings of five sub clusters. The 

lower main cluster consisted of two sub clusters 

whereas the upper main cluster consisted of 

three sub clusters (Figure 1). 

Again, Figure 1 also showed that the two stan-

dard cultivars (42LFC and 51CSC) were found 

in two different sub clusters instead of the same 

cluster or the same sub cluster. 

In terms of their agroecological origins, major-

ity of the 45 okra accessions studied did not 

cluster according to their agroecological zones. 

Instead, the accessions in the five different 

groupings were of different agroecological ori-

gins. Apart from sub clusters like 3 and 5 where 

most of the accessions were from the transi-

tional zone, the remaining accessions in the 

three sub clusters were from different 

agroecological zones. 

Another aspect of the patterns of variation ob-

served among the 45 okra accessions studied 

was their quantitative morpho-phenological 

variability. The OTUs in the two lower group-
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ings of Figure 1(sub clusters 1 and 2) were 

more closely distributed in terms of their quan-

titative morpho-phenological characters than 

the OTUs in the three upper groupings. 

Figure 2 shows cluster analysis of the 45 okra 

accessions based on the 14 morpho-

phenological characters using UPGMA cluster-

ing method. The dendrogram of Figure 2 con-

sisted of two main clusters (1 and 2) at the 25 

rescaled distance. From the dendrogram, cluster 

one consisted of three sub clusters. One sub 

cluster was made up of 24 OTUs, namely, 34T, 

36T, 28T, 26T, 42LFC, 45C, 37C, 49C, 38C, 

35C 46C, 29T, 10T, 13T, 15T, 14T, 21T, 31D, 

32C, 43D, 47C, 25C, 40D, and 5T. The second 

sub cluster of this main cluster was made up of 

12T, 30T, 41C, and 6T. The last sub cluster 

consisted of only one member, 9T. 

The second main cluster of Figure 2 had two 

sub clusters. One sub cluster consisted of 23D, 

33T and 7T. The second sub cluster of this 

main cluster  included 27T, 51CSC, 17T, 4G, 

11T, 16T, 20C, 8T, 18T, 24D, 3G, 2S and 39D. 

In terms of their quantitative morpho-

phenological variability, the five different sub 

clusters in the dendrogram exhibited different 

variability. For example, at 5 and 10 rescaled 

distances of the dendrogram, the five sub clus-

ter exhibited different levels of variation in 

terms of their quantitative morpho-phenological 

characters. This pattern of morpho-phenol-

ogical was similar to patterns observed in Fig-

ure 1. 

A close examination of Figures 1 and 2 re-

vealed a similarity in the pattern of morpho-

Fig. 1: An ordination plot of 14 morpho-phenological characters of 45 okra 

accessions along the first two factor scores showing five clusters 

Key : C = Coastal Savannah Zone  D = Deciduous Forest Zone 

 T = Transitional Zone   G = Guinea Savannah Zone 

 S = Sudan Savannah Zone 

1 

3 

4 

5 

2 
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Fig. 2: A dendrogram of UPGMA using Euclidean distances of 14 morpho-phenological 

characters of 45 okra accessions showing two main clusters. Cluster one had three sub 

clusters whereas cluster two had two sub clusters. The two standard cultivars – 

42LFC and 51CSC- were found in two different main clusters. 
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phenological variation among the 45 OTUs 

studied. The composition of okra accessions in 

cluster one of Figure 2 was almost similar in 

composition to the accessions in groups one 

and two of Figure 1; while the accessions of 

cluster two (Figure 2) were also similar in com-

position to the accessions in groups three, four 

and five of Figure 1. Thus, combining the two 

numerical analyses (Figures 1 and 2), the 45 

okra accessions could be partitioned into two 

main groupings. One main group consisted of 

two sub clusters and the other main group of 

three sub clusters (Figures 3). 

Patterns of qualitative morpho-phenological 

variations of okra accessions 

Figure 4 is a dendrogram of the 45 okra acces-

sions based on the17 qualitative morpho - 

phenological characters in Table 2. From the 

cluster analysis (Figure 4), two main clusters of 

okra accessions were identified. Cluster one 

consisted of two sub clusters. One sub cluster 

of this main cluster consisted of 19 accessions 

whereas the other sub cluster consisted of only 

one accession. The sub cluster with the 19 ac-

cessions included accessions such as 29T, 

51CSC, 24D, 35C, 20C, 33T, 18T, 17T, 23D, 

Fig. 3: An ordination plot of 14 morpho-phenological characters of 45 okra accessions 

along the first and second factor scores showing two main clusters of two and three 

sub clusters. The two standard cultivars – 42LFC and 51CSC- were found in two 

different main clusters. Clusters at 25 rescaled distances from Figure 4 are imposed 

on the OTUs. 

Key: C = Coastal Savannah Zone  D = Deciduous Forest Zone 

 T = Transitional Zone   G = Guinea Savannah Zone 

 S = Sudan Savannah Zone 
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Fig.e 4:  A dendrogram of UPGMA using Euclidean distances of 17 qualitative morpho-

phenological characters of 45 okra accessions showing two main clusters of two sub 

clusters each. The two standard clusters- 42LFC- and -51CSC- were found in dif-

ferent main clusters. 
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3G, 27T, 2S, 16T, 8T, 12T, 9T, 30T, 7T, and 

11T. The other sub cluster of this main cluster 

had only one main accession, 6T. 

The second main cluster of Figure 4 was also 

made up of two sub cluster. One of two sub 

clusters consisted of 24 accessions and included 

32C, 45C, 25C, 46C, 14T, 47C, 49C, 5T, 

42LFC, 43D, 40D, 41C, 38C, 39D, 36T, 37C, 

31D, 34T, 26T, 28T, 15T, 21T, 10T, 4G. The 

other sub cluster consisted of only one acces-

sion: 13T. 

Comparing Figures 2 and 4, the two dendro-
grams were similar in terms of their composi-
tion of accessions and the number of main clus-
ter formed. However, the two dendrograms 
differed in the number of sub clusters formed. 
The two standard cultivars of A. esculentus 
origin were also found in two different main 
clusters (Figure 4). 

In terms of their qualitative morpho-
phenological variability, the accessions with the 
42LFC standard cultivar combined at 14 re-
scaled distance and therefore showed low vari-
ability whereas the other accessions with 
51CSC standard cultivar combined at 24 re-
scaled distance revealing accessions with high 
variability (Figure 4). 

Similar to quantitative morpho-phenological 
characters, the phenetic distribution of majority 
of the okra accessions in Figure 4 were not in 
accordance with their agroecological origins, 
except with 10 accessions in the main cluster of 
42 LFC which were all from the coastal savan-
nah zone. 
 

Identification of diagnostic quantitative 

characters 

Quantitative diagnostic characters of the 45 

okra accessions were identified using both ro-

tated factor scores and scatter plots as guides. A 

summary of the first four factor scores with an 

eigenvalue greater than one is presented in Ta-

ble 3. These extracted four factor scores cumu-

latively accounted for 81.75 % of the total 

variation under consideration or study (Table 

3). Therefore, the variables of each extracted 

factor score with the highest factor loadings (in 

circles) could be considered as the most useful 

or diagnostic characters of the okra accessions 

under study. However, examination of the scat-

ter plots of the first four factor scores showed 

that only the first two principal component 

scores were most effective in separating the 45 

okra accessions into meaningful morpho-

phenological groupings (Figure 2 and 3). Based 

on these groupings, the identification of useful 

or diagnostic characters of the 45 okra acces-

sions was restricted to the first two principal 

component scores. 

In the model created by the first two principal 

components(Figure 1), the characters that con-

tributed most to the separation of the 45 okra 

accessions into groups in the first principal 

component were : stem diameter (0.906), leaf 

width (0.909), petiole length (0.933 ), and fruit 

length  x  width (0.862). These diagnostic char-

acters were both vegetative and reproductive in 

nature and their principal component accounted 

for 39.25 % of the total variation (see Table 3). 

Also, the characters that contributed most to the 

separation of the okra accessions into natural 

groupings in the second principal component 

were plant height (0.790); plant height/diameter 

(0.809), and plant height/ petiole length 

(0.742); all these characters were vegetative 

characters. Two of these characters, plant 

height/ petiole length and plant height/stem 

diameter expressed different shapes of the 

vegetative parts. The second principal compo-

nent also accounted for 18.64 % of the total 

variation under study. The first two principal 

components cumulatively accounted for 57.89 

% of the total variation (Table 3). 

The third and the fourth components also con-

tributed to the total variation under study but 

because their scatter plots did not produce any 

meaningful separation of the 45 okra acces-

sions, their principal components were not con-

sidered in the identification of useful diagnostic 

characters of okra accessions. 

 

DISCUSSION 

Patterns of quantitative morpho-pheno-

logical variation 
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Table 3: Rotated principal factor matrix of 14 morpho-phenological characters of 

  45 okra accessions. Variables with encircled high factor loadings (factor 

  scores) represented useful and diagnostic characters of okra accessions  

Variables 
Factor (Component) 

1 2 3 4 

Plant height 0.276 0.790 0.368 -0.269 

Stem diameter 0.906 0.136 0.149 -0.020 

Plant height/diameter -0.310 0.809 0.242 -0.071 

Leaf length 0.772 0.232 -0.072 -0.083 

Leaf width 0.909 0.065 0.028 -0.131 

Leaf length/width 0.195 0.084 0.017 0.923 

Petiole length 0.933 0.037 -0.152 -0.122 

Plant height/Petiole length -0.442 0.742 0.412 0.122 

Days to flower opening 0.514 0.242 0.394 0.299 

Fruit length 0.435 0.381 -0.717 0.085 

Fruit width 0.640 -0.497 0.398 0.025 

Fruit length/width 0.146 0.585 -0.718 0.074 

Fruit length x width 0.862 -0.104 -0.100 -0.019 

Fruit mass 0.761 -0.025 0.310 0.053 

Eigenvalue 5.495 2.610 2.138 1.157 

% of Variance 39.250 18.641 15.273 8.263 

 Cumulative % 39.250 57.891 73.164 81.427 

Numerical taxonomic study of the 45 okra ac-

cessions in Ghana using 14 quantitative morpho

-phenological data, revealed two main taxo-

nomic groupings of five sub clusters. These two 

main groupings of okra accessions identified 

were in agreement with the current taxonomic 

treatment of cultivated okra species in the ge-

nus Abelmoschus. Taxonomically, there are two 

cultivated okra species, A. esculentus and A. 

caillei, in the Western and Central sub regions 

of Africa (Hamon and von Stolen, 1995). 

Again, the study also revealed that there were 
more okra accessions in the A. esculentus group 
than those in the A. caillei. For example, there 
were about 25 accessions in the main cluster 

associated with the characteristics of A. escu-
lentus accessions but only 17 accessions in the 
other main cluster linked to the characteristics 
of A. caillei. Accessions such as 4G, 38C, 26T, 
35C, 36T, 28T, 29T, 34T, 46C, 42LFC, 45C, 
14T, 13T, 21T, 41C, 10T, 25C, 40D, 49C, 37C, 
15T, 47C, 32C, 31D, and 43D  could be 
phenetically linked to the characteristics of A. 
esculentus. The other main cluster consisted of 
17T, 7T, 23D, 27T, 33T, 11T, 9T, 30T, 12T, 
16T, 18T, 8T, 20C, 24D, 3G,6T, and 2S acces-
sions and could also be phenetically associated 
with the characteristics of  A. caillei.  The dif-
ference in number of accessions in the two 
main phenetic groupings identified could mean 
that, for a particular okra sample obtained from 
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produced using the 17 morpho-phenological 

data was consistent with the taxonomic position 

within the genus Abelmoschus (Hamon and van 

Stolen, 1995). However, in terms of the compo-

sition of accessions and the number of sub clus-

ters formed, the patterns of variation between 

the quantitative and qualitative morpho-

phenological data were, to some extent, differ-

ent. The differences in the patterns of variation 

between the two different sets of taxonomic 

data could lead to the production of a classifica-

tion system of less predictive value. According 

to Prentice (1986), a classificatory system of 

plant species of high predictive value is a sys-

tem based on different sets of taxonomic char-

acters and also consistently exhibit similar pat-

terns of variation. 

 

Numerical analysis of taxonomic characters 

According to Hamon and van Stolen (1995), 

taxonomic identification of cultivated okra spe-

cies is a very difficult task (Hamon and van 

Stolen, 1995). This is because the taxonomic 

characters used in identification are caducous in 

nature (Siemonsma and Hamon, 2004; Siemon-

sma and Kouame, 2004) and may or may not be 

present on the plant species at the time of iden-

tification. Because of this difficulty in identify-

ing cultivated okra species in Ghana, this study 

is proposing additional diagnostic characters 

that could be used to identify okra accessions. 

Diagnostic characters are taxonomic characters 

that are constant within a group and can be 

used to identify that particular group (Dunn and 

Everett, 1982; Davis and Heywood, 1963). 

Quantitative morphological variables can be 

considered as diagnostic when they exhibit high 

and absolute factor scores and are also capable 

of separating the OTUs understudy into distinc-

tive groups in a numerical analysis (Crovello, 

1974; Kent and Coker, 1992). Out of the 14 

quantitative morpho-phenological characters 

studied, stem diameter, leaf width, petiole 

length, fruit length x width, plant height, plant 

height/stem diameter and plant height/petiole 

length could be considered as diagnostic char-

acters. This was because their factor scores 

showed high and absolute values and were also 

PGRRI, Bunso, there were more accessions 
related to A. esculentus than accessions related 
to A. caillei. However, the final composition of 
these okra accessions in a particular phenetic 
grouping could only be confirmed after further 
observations and experimentations. 

Another aspect of the pattern of distribution of 
okra accessions in terms of their 14 quantitative 
morpho-phenological characteristics was the 
pattern of distribution of okra accessions within 
each of the two main phenetic groupings identi-
fied. Majority of the accessions identified as A. 
esculentus (sub clusters 1 and 2) were more 
closely positioned than the accessions associ-
ated with A. caillei (sub clusters 3, 4 and 5). 
Thus, the accessions associated with A. escu-
lentus exhibited low morpho-phenological vari-
ability than the accessions associated with A. 
caillei. This is consistent with the work of 
Hamon and van Stolen (1995) who stated that 
A. esculentus accessions generally exhibit a 
worldwide low morphological variability. Simi-
larly, in their survey of some species in the 
genus Abelmoschus in India, Velayudhan et al. 
(2007) also noted that A. caillei, an introduced 
cultivated species in India, was more variable 
and larger in terms of its leaf size, stem diame-
ter and fruit shapes than the morphological 
characteristics of A. esculentus. 

Agroecological origin is one of the several cri-

teria considered in the development of a core 

collection of any cultivated plant species 

(Tohme et al., 1995).  From this study, 

agroecological origins of the 45 okra accessions 

studied could not be used as one of the criteria 

for the development of okra core collection in 

Ghana. This was because the majority of the 

okra accessions studied did not cluster accord-

ing to their agroecological origins. The inability 

of the okra accessions to cluster according to 

their agroecological origins could be attributed 

to the lack of agroecological adaptation among 

the accessions studied or frequent exchange of 

planting materials among farmers. 
 

Patterns of qualitative morpho-phenological 

variations  

The two main clusters and four sub clusters 
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