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Abstract  Nigeria is the largest producer of soya bean in sub-Sahara Africa, there is however paucity of information on 

genetic diversity available for the crop's improvement. Forty-three accessions of soya bean were evaluated to assess diversity. 

Variation among the accessions were analyzed from thirteen agro-morphological characters using Principal Component 

Analysis (PCA) during the late cropping season of 2015. The experiment was conducted at the Research Farm of the National 

Center for Genetic Resources and Biotechnology, Ibadan. The first four principal components (PC) accounted for 70% of the 

total variation, while the first and second PC contributed 27% and 22% respectively. Characters found in PC1 accounted for 

most of the observed variation. High heritability and genetic advance estimates were recorded for most of the traits and the 43 

accessions were assigned to nine distinct clusters by FASTCLUS indicative of wide genetic diversity. Configuration of PC1 

and PC2 indicated that TGm-868 and TGm-863 were most distinct and can be utilized as parents for hybridization. 
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1. Introduction 

Soya bean (Glycine max) belongs to genus Glycine in 

the family Fabaceae, a member of the tribe Phaseoleae.  

It originated in China as a food crop over 3000 years ago 

[8]. The crop has been described as a “miracle bean” 

while others call it “golden bean” because it is a cheap 

protein-rich grain. Nutritionally, it contains about 20% 

edible oil and 40% crude protein with a good balance of 

essential amino acids. The success or failure of any crop 

breeding programme depends largely on the amount of 

genetic variability present in the breeding materials. It is 

essential to properly characterize and evaluate the available 

germplasm. Diversity in germplasms is an important 

prerequisite for hybridization program. [13] suggested 

that evaluation of genetic diversity would promote the 

efficient use of genetic variations in the breeding program. 

Numerous studies have explored the significance of 

phenotypic characterisation in estimating diversity in soya 

bean [6] Also, using 52 morphological and agronomic 

characters, [3] found variability for the traits studied in soya 

bean. In another study involving phenotypic characterisation 

of  139 soya  bean genotypes [9], revealed  significant  
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differences among all the assessed traits. Therefore, the main 

objectives of this study was to determine genetic diversity 

among 43 soya bean accessions collected from some parts of 

the world. 

2. Materials and Methods 

The field trial was conducted at National Center for 

Genetic Resources and Biotechnology (NACGRAB), Moor 

Plantation, Ibadan, Nigeria. The experimental field was disc 

ploughed and harrowed. All the 43 accessions were planted 

in the 2nd week of August, 2015 using randomized complete 

block design. Single row plot measuring 2 meters (2m)  
long with inter row spacing of 0.6m and intra row spacing  
of 5cm with three replications were used. The blocks were 

separated with one meter (1m) alley. Two seeds were 

planted per hole and later thinned to one plant per hole at 2 

weeks after planting (WAP) with each row now containing 

40 plants. Weeds were controlled manually at 3 and 6 weeks 

after planting. NPK 15-15-15 at the rate of 30kg/ha was 

applied as basal fertilizer. 

Data on agronomic and morphological characters were 

collected from 10 randomly selected inner competitive 

plants within each plot and their means were recorded for 

data analysis. 

The following thirteen (13) agronomic/morphological 

characters were observed according to the descriptors of 

Bioversity International for soya bean. X50.DF:-Number 

of days to 50% flowering, PHTMAT:- Plant height at 

maturity, NDPLTM:-Number of days to plant maturity, 
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NPD.PLT:- Number of pods per plant, NS.PD:- Number of 

seeds per pod, X100SW:- Weight of 100 seeds, SDLGT:- 

Seed Length, SDWIDTH:- Seed width, SDTHICK:- Seed 

thickness, NPB.PLT, Number of primary branches, 

NPD.ND:- Number of pods per node, PDLGT: Pod length, 

and YIELD.PLT: Yield per plant. 

Table 1.  The source and origin of 43 germplasm of soya bean used in 
this study 

S/N Accession Status Origin Source 

1 TGm-107 Accession Nigeria GRC, IITA 

2 TGm-109 Accession Nigeria GRC, IITA 

3 TGm-1106 Accession Taiwan GRC, IITA 

4 TGm-1200 Accession Burkina Faso GRC, IITA 

5 TGm-1209 Accession Burkina Faso GRC, IITA 

6 TGm-1215 Accession Nigeria GRC, IITA 

7 TGm-136 Accession Nigeria GRC, IITA 

8 TGm-138 Accession Uganda GRC, IITA 

9 TGm-14 Accession Nigeria GRC, IITA 

10 TGm-142 Accession Uganda GRC, IITA 

11 TGm-150 Accession Uganda GRC, IITA 

12 TGm-27 Accession Nigeria GRC, IITA 

13 TGm-553 Accession Nigeria GRC, IITA 

14 TGm-569 Accession Nigeria GRC, IITA 

15 TGm-570 Accession Nigeria GRC, IITA 

16 TGm-574 Accession Nigeria GRC, IITA 

17 TGm-577 Accession Nigeria GRC, IITA 

18 TGm-579 Accession Nigeria GRC, IITA 

19 TGm-584 Accession Taiwan GRC, IITA 

20 TGm-658 Accession Indonesia GRC, IITA 

21 TGm-669 Accession Indonesia GRC, IITA 

22 TGm-682 Accession Indonesia GRC, IITA 

23 TGm-686 Accession Indonesia GRC, IITA 

24 TGm-802 Accession Burkina Faso GRC, IITA 

25 TGm-861 Accession Taiwan GRC, IITA 

26 TGm-863 Accession Taiwan GRC, IITA 

27 TGm-864 Accession Taiwan GRC, IITA 

28 TGm-865 Accession Taiwan GRC, IITA 

29 TGm-866 Accession Taiwan GRC, IITA 

30 TGm-867 Accession Taiwan GRC, IITA 

31 TGm-868 Accession Taiwan GRC, IITA 

32 TGm-869 Accession Taiwan GRC, IITA 

33 TGm-93 Accession Nigeria GRC, IITA 

34 TGm-94 Accession Nigeria GRC, IITA 

35 TGm-947 Accession Nigeria GRC, IITA 

36 TGm-948 Accession Nigeria GRC, IITA 

37 TGm-95 Accession Nigeria GRC, IITA 

38 TGm-96 Accession Nigeria GRC, IITA 

39 TGm-961 Accession Nigeria GRC, IITA 

40 TGm-97 Accession Nigeria GRC, IITA 

41 TGm-98 Accession Nigeria GRC, IITA 

42 TGm-99 Accession Nigeria GRC, IITA 

43 TGm-946 Accession Nigeria GRC, IITA 

Data from the 13 traits from the 43 accessions were 

subjected to Variance and Ccovariance analysis using 

SAS/PC version 9.1 [15]. The principal component analysis 

(PCA) was applied to catalogue the variation in the 43 

accessions of soya bean. The accessions were also sorted  
into distinct clusters by the FASTCLUS procedure. The 

relationships among the accessions were used to draw a 

dendogram of the genetic variation by single linkage cluster 

analysis (SLCA) procedure. The variance of components 

were used to compute the genotypic coefficient of variation 

(GCV), phenotypic coefficients of variation (PCV), 

heritability and genetic advance [5] and [11]. 

3. Results and Discussions 

There was significant differences (p<0.01) for all the 13 

quantitative characters studied in terms of genotypic effect 

(Table 2). This reveals evidence of differences among the 

genotypes studied, therefore, there is possibility of genetic 

gains in selection. 

As genotypic coefficient of variation (GCV) represents the 

heritable genetic component of the total variation, it would 

be more appropriate to use this parameter for comparing 

variability of different characters. There was narrow 

differences between phenotypic and genotypic coefficient of 

variations (PCV and GCV) indicating that these traits might 

have low interaction with the environments (Table 3). This 

result was in line with the views of [16] that little differences 

between values at genotypic and phenotypic levels suggest 

low environmental effects. The high magnitude of both 

coefficients (PCV AND GCV) recorded for plant height at 

maturity and number of pods per plant indicated the presence 

of substantial amount of genetic variability for the traits and 

indicated that selection based on the concerned characters 

may be a good approach for enhancing seed yield in soya 

bean. In agreement with the present findings were the results 

of [14] and [17]. 

In predicting the effective genetic gain and selection for 

the improvement of yield traits, considering heritability and 

genetic advance simultaneously has been found more helpful. 

Heritability estimates have been broadly classified into low 

(below 50%), medium (50% and 70%) and high (above 70%) 

and genetic advance estimates classified into low (below 

20%); medium (20-30%) and high (above 30%) in order   

to draw conclusions about these parameters [1]. High 

heritability with high genetic advance recorded for plant 

height at maturity, number of days to maturity, hundred seed 

weight, number of pods per node and seed yield per plant 

might be attributed to additive gene action responsible for 

their expression and thereby indicating that selection for 

these characters would be effective and can be improved 

through simple selection procedures. These findings are in 

agreement with the results of [7] who reported high 

heritability and genetic advance for these traits in soya bean.  

The first four PCA's extracted had eigen values higher 

than one and accounted for about 70% of the total variation 
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(Table 4). Each principal component (PC) is separately 

loaded with various yield and yield attributing traits under 

study. Similar results were obtained by [9] who reported that 

first three components accounted for 69.77% in soya bean.  

In a similar regard, [2] observed 66.1% of the total variance 

coming from three principal components. The result 

observed in each PC indicated that maximum variation was 

found in the first PC, therefore selection for characters under 

first PCA would be more beneficial.  

Principal component analysis was also used to visualize 

the dispersion of accessions based on the seed yield and 

origin of the accessions as presented in Figure 1. The 

configuration of the 43 soya bean accessions on principal 

axes 1 and 2 revealed that accession TGm-868 from Taiwan 

was the most distant from other accession followed by 

TGm-863 and and TGm-574 from Nigeria. All other 

accession clustered into three distinct groups. The 

widespread distribution shown by scatter plot clearly 

demonstrated wide diversity among the accessions.  

The 43 accessions were assigned to nine distinct clusters 

by FASTCLUS, indicative of wide genetic diversity. These 

findings are in agreement with the reports given by [12] and 

[6] who found six cluster groups among 45 genotypes of 

soya bean and [10] who reported nine distinct clusters in 43 

accessions of soya bean. Cluster I contained the largest 

number of accessions (10) followed by cluster V with nine 

accessions implying high genetic resemblance among the 

members of these cluster groups consequently reduced 

variability. Among the various clusters observed, clusters III 

consisted only one accession symbolising that this accession 

is dissimilar to other accessions. These grouping patterns 

present an excellent opportunity for breeders to make better 

choices when making selection. In a similar manner, [4] 

reported that crosses made between two divergent clusters 

maximize variability for subsequent selection relative to 

within cluster mattings. 

The dendogram differentiated the high yielding and low 

yielding accessions into groups and sub-groups. The 

dendogram based on seed yield and other studied traits 

resulted into four main groups (A, B, C and D) that can be 

clearly seen at 40% level of similarity (Figure 2). Group A 

comprised of thirty seven accessions. However, there    

was one accession in group B (TGm-868), Group C had  

two accessions (TGm-136 and TGm-569) while Group D 

contained three accessions (TGm-1209, TGm-150 and 

TGm-14).  

The clustering pattern revealed that genetic diversity was 

not necessarily associated with geographical diversity in 

soya bean.  

Table 2.  Mean squares from performances of 43 soya bean accessions in 
2015 planting season 

Source of variation 
Accession 

(df = 42) 

Replication 

(df = 2) 

Error 

(df = 16) 

50.DF% 79.65** 0.72 1.32 

PHT.MAT 1239.61** 93.46 146.58 

NDPLTM 225.54** 0.72** 0.46 

NPD.PLT 3801.10** 595.87** 229.57 

NS.PD 0.69** 0.84** 0.21 

100.SW 18.76** 0.14 0.47 

SD.LGT 1.48** 0.14* 0.19 

SD.WIDTH 1.49** 0.14 0.19 

SD.THICK 1.00** 0.02 0.09 

NPB.PLT 2.53** 1.84 1.07 

NPD.ND 1.40** 0.12 0.39 

POD.LGT 0.54** 0.10* 0.18 

YIELD.PLT 399.06** 235.25** 36.94 

**Significant at p<0.01 level, * Significant at p<0.05 level 

Table 3.  Phenotypic, genotypic and environmental variances; phenotypic and genotypic coefficient of variability; heritability and genetic advance for 
thirteen soya bean traits in 2015 growing season 

Character 
Phenotypic 

variance 

Genotypic 

variance 

Environmental 

variance 

Phenotypic 

coefficient of 

variation 

Genotypic 

coefficient of 

variation 

Broad sense 

heritability 

Genetic 

advance 

50.DF 26.55 26.11 0.44 0.13 0.13 98.34 26.38 

PHTMAT (cm) 414.3 365.33 48.96 0.29 0.27 88.18 52.48 

NDPLTM 75.18 75.03 0.15 0.08 0.08 99.8 17.07 

NPD.PLT 1269.02 1169.92 99.11 0.39 0.37 92.19 73.58 

NS.PD 0.23 0.16 0.07 0.18 0.15 69.39 25.99 

100.SW (g) 6.25 6.1 0.16 0.19 0.19 97.52 38.59 

SDLGT (mm) 0.50 0.43 0.06 0.14 0.13 87.03 24.24 

SDWIDTH (mm) 0.50 0.43 0.06 0.15 0.14 87.03 27.18 

SDTHICK (mm) 0.34 0.31 0.03 0.15 0.14 90.95 27.34 

NPB.PLT 0.81 0.44 0.37 0.28 0.21 54.2 31.31 

NPD.ND 0.47 0.34 0.13 0.21 0.18 71.88 31.72 

PODLGT (cm) 0.18 0.12 0.06 0.10 0.08 66.42 14.04 

YIELD.PLT (g) 133.02 120.71 12.31 0.42 0.4 90.74 77.92 
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Table 4.  Principal Component Analysis (PCA) of characters associated with 43 soya bean accessions and the first four PC axes 

Characters PC1 PC2 PC3 PC4 

50.DF 0.13 -0.02 0.61 -0.30 

PHTMAT (cm) -0.12 0.51 0.03 -0.03 

NDPLTM 0.16 -0.07 0.49 -0.34 

NPD.PLT -0.08 0.52 0.13 -0.11 

NS.PD 0.05 0.03 0.21 0.73 

100.SW (g) 0.44 0.06 -0.07 0.11 

SDLGT (mm) 0.49 0.04 -0.19 -0.03 

SDWIDTH (mm) 0.49 0.04 -0.19 -0.03 

SDTHICK (mm) 0.44 0.05 -0.02 -0.14 

NPB.PLT -0.09 0.00 -0.00 0.02 

NPD.ND -0.07 0.43 -0.06 -0.15 

PODLGT (cm) 0.12 -0.07 0.48 0.38 

YIELD.PLT (g) 0.14 0.51 0.07 0.22 

Proportion (%) 27.00 22.00 11.00 10.00 

Cumulative(%) 

Eigen value 

27.00 

3.46 

49.00 

2.83 

60.00 

1.45 

70.00 

1.24 

 

Figure 1.  Configuration of the 43 soya bean accessions under PCA1 and PCA2  
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Figure 2.  Dendrogram from single linkage cluster analysis (SLCA) of the 43 soya bean accessions evaluated during 2015 growing season 

 

4. Conclusions 

Sufficient genetic variability was obtained for all the traits 

studied in this work and this suggested that hybridization 

involving diverse parents is possible in soya bean. 
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