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Abstract: Background: Sphenostylis stenocarpa is an underexploited African indigenous food 
crop that is enriched in nutritional quality.  

Objective: Exploring the robust genetic base of this landrace can help to maximize the benefit of 
the agricultural sector on the economy through production that is enhanced by packaging and pat-
ent. This as well will increase the quality of food production and promote African campaign on 
food sustainability.   

Methods: Upon this, this research made use of multiple statistics to identify S. stenocarpa yield and 
nutritional trait relatedness that supported selection for maximum yield and nutritional trait output. 
Yield and related traits including protein and oil contents of twenty-three Sphenostylis stenocarpa 
landraces were studied under a four year planting seasons in Teaching and Research farm of Land-
mark University, Nigeria. 

Results: Trait variances from Landrace × Year (L × Y) interaction, Principal Component and Clus-
ter analyses were evaluated and the variation patterns were identified. Some vegetative (maturity 
phase, height and branching) and yield traits (Pod traits, seed yield and oil content) correlated sig-
nificantly (P < 0.05) in the L × Y interactions. This suggests the usefulness of these traits in im-
proving S. stenocarpa grain and oil quality yield. Tuber and nodule yield including protein content 
did not differ significantly in the variance table.  

Conclusion: The result indicates that one location trial is insufficient to determine such trait 
performance. The first four PCs that accounted for 51 percent of the total variations were traceable 
to branching, maturity date, pod numbers, seed and oil content as main contributors to yield. 

Keywords: Sphenostylis stenocarpa, cluster analysis, variation, nutritional, nodule, protein content. 

1. INTRODUCTION 

 The relevance of indigenous legume in securing food for 
the undernourished and low-income African countries is 
gaining prominence especially when such crops are in the 
list of low-cost energy- protein source [1-3]. S. stenocarpa is 
one of the rich energy-protein underutilized traditional 
legumes. This crop is traditionally grown in a humid envi-
ronment with natural irrigation. 
 In recent years, the total acreage of S. stenocarpa produc-
tion is constantly declining [4], due to lack of acceptance and  
 

*Address correspondence to this author at the Department of Economics, 
College of Business and Social Sciences Landmark University, Omu-Aran, 
Nigeria; Tel:+234 (0) 8186977455; E-mail: asaleye.abiola@lmu.edu.ng, 
asaleyebiola@yahoo.com  

restriction to production areas, as compared to other grain 
legumes. This limited yield has been ascribed to yield insta-
bility characterized by high inter-annual yield variation [5, 
6]. This, therefore, emphasizes the need for developing a 
high yield stable genotypes to survive the challenges of me-
teorological factor fluctuations. 
 Cultivation under wider environments is expected to fur-
ther increase yield as well as encourage acceptance even as a 
source of cheap protein. Detecting yield stability at various 
years’ variation patterns is important in defining the breeding 
goal for valued nutrient indigenous legumes. Yield contribu-
tory factors will be considered. These factors which are 
edaphic (soil, moisture, temperature, drought, among others) 
and/or biotic (microorganisms, nitrogen fixers, among oth-
ers) do have consequences upon gain or loss in yield. Some 
researchers identified the effect of Edaphic and non-Edaphic 
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factors on the yield of Bambara groundnut [7-9]. Intentional 
breeding effort to develop high yielding and nutrient en-
hanced varieties of S. stenocarpa across wider ecological 
regions will not only make the crop popular but also increase 
the acceptability especially in areas where the weather envi-
ronments are unstable [10, 11]. 
 The fact, that the performance of S. stenocarpa is 
strongly influenced by environmental variations at the very 
least stage indicates that yearly weather variation is a barrier 
for improving yield potential [11]. Yearly effects of multi-
environment trials are mostly used typically in plant breed-
ing programs to evaluate the genetic materials over a range 
of years in a target environment [12, 13]. However, when 
comparing these genetic materials, their interaction with the 
environment can be complex in nature [14] due to differen-
tial responses across the environment. This is considered an 
important source of year-to-year variation in trait perform-
ance [15]. Now, the understanding of year-to-year variability 
effects of weather elements on landrace stability is made 
possible by employing statistical tools that directly test for 
the presence of landrace x year(s) (L x Y) and also measure 
individual landrace trait performance [16]. On this note, it is 
imperative to identify the traits with a contributory role in 
producing high nutrient seeds and tuber yield qualities across 
the year. 
 According to [10], the most valuable economic traits in  
S. stenocarpa are the seed, tuber and nodule (in some lan-
draces). Yield as a trait is a function of other trait compo-
nents during growth and development phases [14]. In this 
study, the emphasis is on S. stenocarpa agro-nutritional 
yield. The yield accumulations occur through pathways in 
food nutrient translocations from different sources during 
photosynthesis [17]. Either significant or otherwise, yield 
improvement strategy must identify the contributory role of 
other trait components to yield improvement. Some vegeta-
tive (crop shoot parts supporting branching, height, flower-
ing and maturity date) traits play a significant role in trap-
ping sunlight under a range of temperature and humidity 
before photosynthetic accumulations [18]. Crop rooting parts 
such as podding and seed traits are affected by soil tempera-
ture, nutrient availability and some other biotic and abiotic 
factors [19]. It is important, therefore, to use statistical tools 
that will calculate and outline yield and yield component 
indices leading to intentional trait selection for yield im-
provement.  
 A number of outstanding reviews of statistical selection 
parameters that test and measure S. stenocarpa genotypes’ 
response to the varied growing environment have been pub-
lished. Few among others included the studies by; [14] that 
investigated the impact of climate change on Sphenostylis 
stenocarpa in relation to sustainability and conservation. 
More so, [20] reviews the nexus among genetic resources, 
diversity and agronomy of African yam bean. Consequently, 
phenotypic, genotypic and environmental trait correlations 
with yield are also examined in the literature [21, 22]. It was 
documented by the scholars that there are significant varia-
tions of about 0.05 percent, and 0.01 percent is used to pro-
vide information on genotype performance across sources of 
variations in the literature. [17] considered significant varia-
tions of seed weight, plant biomass and pod filling time in 

Vigna subterranean, respectively. In addition, the outlined 
selection statistics were used to identify the contributory 
roles of traits to yield. Likewise, it is important to classify to 
ensure effective hybridization. The principal component 
(PC) and cluster (CL) analyses are veritable tools in this di-
rection. Researchers have also explored these tools in identi-
fying divergent cultivar groups for meaningful hybridization 
studies. [13] on okro; [23] and [24] on Bambara groundnut; 
[21] on Chenopodium species. 
 In studies using S. stenocarpa, several reports on seed 
genetic variability, path coefficients, correlations, morpho-
seed metrics have been archived by the research efforts of 
[20, 25-28]. These reports are experimental, using genotypes 
with a limited genetic origin, planting environments as well 
as placing no emphasis on agro-nutritional trait selection. [4] 
noted that the lack of improved S. stenocarpa landraces re-
stricted African farmers to rely on the existing landraces for 
production. This establishes the need to place emphasis on 
identifying desirable genotypes of S. stenocarpa that can be 
explored through hybridization to improve yield nutritional 
value as well as enhance yield. Testing genotypes from the 
origin across a wide environment will help to validate the 
selections for high and stable quality nutritional yield across 
growing environments. This information is not available 
when this research was carried out. Therefore, informed the 
niche of this study. Likewise, most African countries are 
regarded as low-income countries when high unemployment 
rate and poverty are the major macroeconomic problems [29-
31]. Hence, Sphenostylis stenocarpa can help to improve the 
nutritional quality of these resource-poor countries. The Ni-
gerian government in recent has stressed the importance of 
agricultural sector to promote inclusive growth. Investment 
in the agricultural sector alone is not enough rather should 
embark by research and development in nutritional crops, 
private sector patents, among others.  
 The objectives of this work are therefore listed as (a) 
determine the extent of variability among the landraces (b) 
identify divergent groups among the landraces (c) identify 
and reliably select landraces that show consistent perform-
ance with regards to yield and nutritional trait components 
across the test year environments. It is expected that the re-
sults from this research will inform researchers and breeders 
on yield and nutritional traits of S. stenocarpa that can be 
exploited under different growing environments to enhance 
quality yield output. Development of high yielding with en-
hanced nutritional quality using environment sensitive lan-
draces of S. stenocarpa is a study area yet untapped. This 
work has tapped into this area. Better still, this work can be 
further tested under wider ecological regions and years, for 
stability where S. stenocarpa is not accepted due to 
unfavourable environmental restrictions. This is possible by 
exploring the prevalent weather conditions using different 
landraces for sustainability.  

2. MATERIALS AND METHODS 

2.1. Experimental Site, Landraces and Setup 

 In this study, four field experiments were conducted be-
tween the year 2014 to 2017 at Teaching and Research Farm 
of Landmark University, Omu-Aran, Nigeria lying on lati-
tude 8’12390N; latitude 5’08340E. The study site is repre-
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sentative of the Guinea Savannah ecological zone of North-
central Nigeria suspended on 159 meters’ altitude. Other 
weather details and soil type of this site are presented in Ta-
bles A1 and A2 in the appendix which is supported by soil 
classification methods of [7]. There are two main cropping 
seasons, early cropping within the period of April to July and 
late cropping within the period of August to November in the 
cropping location [32]. Sphenostylis stenocarpa is mostly 
planted during the early cropping season. During the early 
season, the temperature is generally cool and hot from Octo-
ber to April. The weather parameters during the experimental 
years were taken and provided a guide in the interpretation 
of the results. This study considered twenty-three (23) Lan-
draces of S. stenocarpa (Table A10 in the appendix) ob-
tained from diverse eco-geographical origins of Nigeria were 
maintained in the seed bank of the Research Farm in the 
University. The initial source was from the gene bank of the 
International Institute of Tropical Agriculture (IITA), 
Ibadan, Nigeria. These landraces were selected for this study 
based on their diversity for various agronomic traits.  
 The experimental sites were disc ploughed and then har-
rowed and raked to obtain a good seedbed for planting. Us-
ing Randomized Complete Block Design (RCBD) with three 
replications, two seeds of each genotype were sown in a sin-
gle 5 meters’ row plot to minimize the error from the source 
of variations when large plots are involved. Spacing was at 
1m between and within rows giving a population density of 
10 plants per row plot and 690 plants in all. The trials were 
conducted at each year, the period of April 30th, May 1st, 
May 31st and June 20th during the cropping seasons of 2014, 
2015, 2016 and 2017, respectively. These dates were times 
when rainfall became stable. More so, in this study, the 
block was used to categorize the crops due to the vigorous 
growth of the crop as follows, plates 1 and 2 with 2 meters’ 
alley to reduce inter-block plant competition. The four trials 
were conducted without supplemental irrigation. Hand weed-
ing was carried out when needed to maintain a clean field. 
During harvesting, five plants from each row were separately 
harvested, seeds of all the sampled plants in each plot were 
bulked and weighed and the seed yield per plant (g) was then 
determined by dividing by five. 

2.2. Method of Analysis 

 For the traits studied, a combined analysis of variance 
(ANOVA) for Randomized Complete Block Design (RCBD) 
across the years (environments) was first performed to test 
for the significance (P < 0.05; 0.01) of landraces, year and 
landrace by year interactions. From the combined ANOVA, 
test for homogeneity of residual variances was performed 
using Bartlett’s test [33]. Secondly, trait means, variations 
and correlation coefficients (Kendall's method) were calcu-
lated to identify significant levels at which the traits contrib-
uted to yield. To further determine and link landraces per-
formance to origin and planting environment, grouping tech-
niques of principal component and cluster method (Ward's) 
were utilized. These analyses were carried out using the 
GLM procedure of Statistical Tool for Agricultural Research 
package (STAR) software 2013 for descriptive statistics and 
analysis of variance for agricultural data. Also, Genotype x 
Environment and crop stability analyses were performed 
using Plant Breeding statistical software of 2013. Finally, 

PRINCOMP SAS 9.3 version (2011) was used to determine 
and display two dimension plots (PC1 and PC2) and cluster 
groups among the landraces. The vegetative and yield com-
ponents including nutritional trait performances over the 
years were ascertained numerically and carefully displayed 
using tables and figures. 

2.3. Data Collection and Trait Measurement 

 Data on studied traits (Table 1) were collected between 
morning hours and evening hours for the vegetative and 
grain yield traits as follows: 
 Protein content was determined using the micro- Kjeldahl 
method outlined by [34]. The dry seed weight of each repli-
cated S. stenocarpa was taken and 0.5 grams of each lan-
drace sample weighed to determine the nitrogen content. 
Afterwards, the crude protein was obtained by nitrogen and 
the conversion factor to protein is 6.25. Fat content was de-
termined using a Soxhlet extractor (EME 60500/CEB) 
method outlined by [34]. About 25 grams of each replicated 
dried seed of S. stenocarpa was taken and added into the 
thimble and weighed. Percentage extracted fat was deter-
mined by taking the weight of lipid in the flask after the ini-
tial extraction.  
3. PRESENTATION OF RESULTS 

3.1. Analyses of Variance for Variability Studies and the 
Mean Descriptive Statistics 

 It is quite revealing that the years and landraces showed 
significant variations (P ≤ 0.01) for the vegetative, yield and 
quality traits except for time to germination as revealed Ta-
ble 2 and Table A3 in the appendix. Flowering and maturity 
times (Table 2), pod and seed yield, quality protein and oil 
content (Table A3) traits also recorded significant variations 
(P ≤ 0.05) for the landrace × year interactions. This showed 
that weather conditions such as temperature and humidity 
affected vegetative traits, protein and oil contents during the 
planting years. From Kendall's correlation values, these traits 
recorded relatively low correlation coefficients for flowering. 
The number of primary and secondary branches and maturity 
time (-0.11, -0.13, -0.15 and -0.15, respectively) as well as 
pods per peduncle (0.17), seed yield (0.21) and protein con-
tent (0.16). Better still, considerable variations were recorded 
for some vegetative (flowering, maturity times and branch-
ing traits) as well as yield and quality traits including pod 
filling time (59 per cent), seed per pod (70 per cent), tuber 
yield (87 per cent) and oil content (48 per cent) recording 
high minimum and maximum variations comparatively as 
depicted in Tables A4 and A5 in the appendix. 
 On a general note and comparatively too, mean values 
for some traits were relatively similar to the overall means 
e.g. flowering (86.78), germination (13.00) and maturity 
dates (157.09) from the ANOVA and descriptive statistics 
(Tables A3 and A5). This is the case of TSS 10, TSs12, and 
TSs79. Whereas, non-similar mean values were recorded for 
these landraces for pod, yield and nutritional quality traits. 
This is an indication of environment effect on the landraces 
for these traits. Twenty Principal Components (PCs) were 
generated in Figs. (1 and 2) in the appendix section but only 
the first eight components cumulatively explained 72 percent 
of the total variations with Eigenvalues greater than one as
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Table 1. Data on trait and abbreviation. 

No. Trait Abbreviation Descriptions 

     Vegetative  

1 Time of germination DDG Number of days from seed emergence to the appearance of plumule above the soil level 

2 Time to flowering DFW Number of days from seedling emergence to when 50% of plants have flowered 

3 Plant Height (cm) PLHT Length of the plant taken when plants have shown 50% maturity starting from Base of the plant 
from the soil level to the tip of the main stem 

4 Number of primary branches NBH Number of main stems 9main vine) arising from the main plant stem 

5 Number of secondary branches SBH  Number of stems arising from the primary branch 

6 Time to Maturity DDM Number of days from the date of germination (in 1above) to the stage when 95% of all pods 
turned from green to golden brown yield and quality traits 

7 Number of peduncle per plant NPD Visual counting after flowering 

8 Number of pods per peduncle PP Visual counting at the time of harvest 

9 Pod length (cm) PLG By measuring from the base of the pod to the tip using a ruler graduated in centimetre 

10 Filled pod per plant FPP Measured as number of days from flowering to physiological maturity of the pod 

11 Number of pods per plant PPP Counted at the time of harvest 

12 Seed yield per plant (g) SYP This is the average weight of total seeds from the single row (5m) after harvest and de-podding 
and divided by 10  

13 Nodule yield per plant (g) NYP This is the average weight of total tubers from the single row (5m) after harvest and divided by 10 
 
 
 
 

Table 2. Variance analysis and correlation coefficient (Kendall's) on AYB vegetative traits grown in 4-year environments. 

Source DF DFW DDG PLH (cm) NBH NS DDM 

Rep within landrace 46 89.54* 2.34 217.13* 0.33 0.79* 62.13* 

Landrace (L) 22 428.04* 11.83 1085.76** 0.53* 0.55* 1220.67** 

Year (Y) 3 2974.03* 66.71 7750.46** 14.61 4.84 3734.19** 

L × Y 66 646.71** 6.14 801.71 1.56 2.89 1089.14** 

Residual 138 98.02 1.69 256.76 0.28 0.70 62.56 

Total 275 - - - - - - 

C.V (%) - 9.82 13.12 12.81 17.11 11.53 4.65 

R2 - 0.03 -0.01 -0.02 0.02 0.04 0.54 

rk (0.05%) - -0.11 -0.02 -0.13 -0.15* -0.07 -0.15* 

Note: NDF= Number of Days to Flowering; PLH= Plant Height; NBH= Number of Primary Branches; NSB= Number Of Secondary Branches, DDG= Days To Maturity, , R2 = 
Coefficient of Determination. 
 
shown in Table A6 and A7 in the appendix. The first com-
ponent accounted for 23 percent of the total variations as 
described in pod traits (pod filling time, total pods) and seed 
yield. The second and third PCs accounted for 10.90 percent 
and 9.30 percent variations respectively. These were loaded 
in vegetative (flowering and height) and seed yield traits 
with negative influence on the number and length of the pod. 
In addition, tuber forming landraces contributed to the com-
ponent loading than nodule forming types across eight prin-
cipal components used. Strikingly, amino acid protein and 
oil contents contributed majorly to the variation loading in 

the third and fourth PCs indicating that these nutrition traits 
have some amount of genetic factors that can be exploited to 
improve nutritional quality in S. Stenocarpa.  
 Hierarchical clustering approach outlined by [35] clearly 
showed that the pattern of variations among the 23 landraces 
by displaying the seven significant principal components 
associated with the six standardized vegetative and the 
eleven yields and quality traits of the landraces evaluated as 
clusters as indicated in Tables A8 and A9 in the appendix. 
By characterization, the seven clusters identified and 
grouped the 23 landraces into 1, 3, 2, 2, 6, 4 and 5 distinct 
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clusters. The only landrace in the cluster I (TSs118) was 
combined early maturity with high yield (157.97 days and 
533.08 kg, respectively) in addition to relatively high protein 
and oil content. Three landraces (TSs51, TSs69 and TSs82) 
in cluster II and two (TSs45 and TSs48) in cluster III com-
bined branching, pod trait and seed yield. Landraces in clus-
ter IV include TSs7 and TSs57 from Zambia and Nigeria. 
The combined seed yields nutritional traits of protein and oil 
content. Interestingly, the six landraces in cluster V (TSs111, 
TSs66, TSs61, TSs79, TSs93 and TSs116) are from Mali, 
Nigeria, Malawi and Tanzania even as pod filling time, seed 
yield and height of each plant were captured by this group of 
landraces. Cluster VI had four landraces (TSs12, TSs119, 
TSs95 and TSs10) that contained tuber and nodule yield. 
These landraces are from wide origins of Cameroun, Mali 
and Tanzania respectively. Landraces TSs109, TSs49, 
TSs96, TSs58 and TSs148 are traceable to cluster VII, which 
supported pod traits and the ability of S. stenocarpa to grow 
tall.  

4. DISCUSSIONS 

 Some landraces had significant environment influence 
under year and landrace × year effect for maturity time, pe-
duncle and pod number, seed and tuber yield. This indicates 
that the year significantly influenced the studied traits and 
the subjection of this data to the landrace improvement may 
be less successful unless the landraces are grown in wider 
locations and not repeated year trials in a single location. 
This is a strong indication that performances of the landraces 
were to a great extent influenced by the environment. This 
result provides further insight into defining the extent of the 
contributory roles of the traits to S. stenocarpa yield. The 
food nutritional qualities of protein and oil content were not 
significant under year and interaction with landrace is a 
strong indication of a strong genetic base of the traits and 
that there is appreciable hope in breeding for high protein 
and oil nutritional component [22, 24] reported a statistically 
significant relationship between genotype and environment 
interactions on nutritional improvement in breeding for qual-
ity traits for Bambara groundnut and wheat respectively. 
This is an untapped area in S. stenocarpa improvement 
breeding. 
 However, the obtained low Kendall’s correlation for 
most of the studied traits may be attributed to their wide ori-
gin; landraces from different regions would have undergone 
adaptation to their respective locations. This can also be used 
to explain the low mean value of some traits of some lan-
draces compared to the overall mean. This clearly shows that 
the disparities in the origin of these landraces have influ-
enced their vegetative and yield performance. Discovery of 
wide genetic variation among landraces/genotypes forms the 
basis for directional varietal improvement. Origin and source 
culminate into some level of variation in mean performance 
due to geographical boundaries. In this study, most of the 
landraces exhibited an appreciable amount of variation for 
vegetative and yield traits. Reliably, most of the vegetative 
and yield quality traits recorded minimal error variation 
sources. This validates that population size is a true measure 
of variability among the twenty-three landraces studied. [23, 
24] reported that there is evidence of the ‘origin’ contribut-
ing to the mean differences in Bambara groundnut. Wide 

mean variations occurred among the landraces from different 
origins. TSs118 had a mean flowering date of 104 whereas 
TSs 57 recorded 97 as average mean performance for the 
same trait. 
 Cluster analysis presents patterns of relationships be-
tween genotypes and hierarchical grouping such that similar 
descriptions are mathematically gathered into the same clus-
ter [36]. The study by [37] also emphasized the roles of 
physiological traits in grouping plant accessions. The rela-
tively high variations observed for the vegetative traits and 
seed production is indicative of the existence of genotypic 
differences among the evaluated landraces. Landraces with 
lower values for plant height, the number of primary and 
secondary branches produced higher seed yield. This is in 
support of the findings of [38] who had reported similar rela-
tionships between the morphological traits and seed yield of 
African Yam Bean.  
 The first eight principal components explained 72 percent 
of the total variation. Most of the observed variations were 
attributable to vegetative traits, podding and seed yield. 
These findings are closely related to those reported by [38], 
where they reported 70 percent of the total variation in some 
African Yam Bean accessions to be explained by the first six 
principal components. The highest genetic distance was ob-
served between G5 and G8 and these can be exploited for 
heterosis in crosses. Scholars like [39, 40] have all signified 
the possibility of exploiting variability in breeding programs 
in African Yam Bean and Mung bean, respectively. These 
variations foreclose a holistic similarity matrix between the 
landraces and justify the importance of grouping techniques 
in exposing the relatedness of the 23 S. stenocarpa lan-
draces.  
 At this point, subjecting the landraces to Principal com-
ponent (PC) analysis and hierarchical clustering becomes 
crucial in providing a vivid account of the variation pattern. 
Interestingly, as podding and seed number per pod increased, 
some vegetative (growth phase during germination and plant 
height) were also decreasing as clearly marked in the nega-
tive coefficients. The explanation is that as vegetative parts 
were accumulating the photosynthesis in the seeds, podding 
time was decreasing. This also explains that from the 23 lan-
draces studied, tuber producing landraces are certainly more 
in number than nodule producing types. In all, principal 
component analysis has revealed these traits to have genetic 
linkage which is referred to pleiotropic gene actions. By this, 
a possible hybridization using combinations from each clus-
ter could lead to improvement. Essentially, amino acid and 
oil content are the major components of the proximate con-
tents of S. stenocarpa; the useful amount of variations aris-
ing from mean and ranges, the coefficient of variation and 
error limit values were recorded. The study by [41] had simi-
larly reported high protein, crude fibre, potassium, sodium, 
iron and copper content. The amino acid and oil contents of 
the evaluated landraces varied across the landraces as re-
vealed by the cluster analyses where these two nutritional 
traits majorly occupied the third and fourth PCs. These varia-
tions may have existed as a result of the diverse nutritional 
status of the soils of the origins of these landraces, thereby 
resulting in the synthesis of different types of proximate con-
tents. From the foregoing, the benefit of S. stenocarpa has 
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been undervalued. Nigeria can improve the nutritional qual-
ity among the citizen by appropriate investment in research 
and development will on the other hands grant more  
patents. [42] stressed that agricultural productivity growth in  
emerging economies has improved importation in recent 
times. The investment in research and development in  
S. stenocarpa may have an indirect benefit on the employ-
ment situation in the country.   

CONCLUSION 

 This work is germane because it identified the nutritional 
and yield trait components in S. stenocarpa that can be ex-
ploited to improve seed yield and nutritional qualities of this 
underused crop for acceptance even at wider locations. More 
importantly, the nutritional quality when enhanced through 
breeding will serve as rich energy -protein source with low 
cost. The derived classifications revealed the existence of 
relationships between the landraces and the geographic 
background of the evaluated landraces. The identified lan-
drace groups will serve as a guide in developing superior 
hybrids of S. stenocarpa with enhanced nutritional qualities. 
Also, to maximize the benefit on the aggregate economy, 
there is a need to encourage research and development with 
the aim to grant more patents, improve marketing, preserva-
tion and packaging which believes that in the long run will 
create employment and improve the general well begin of the 
citizens. 
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Appendix 

Table A1. Soil -Physico-chemical properties (0 - 30 cm) of the AYB landrace planting site. 

Parameter Minimum Value Ratings Maximum Value Ratings Mean ± SD (n = 18) 

% Gravel 25.4 Low 78.9 High 62.6 ± 13.0 

Textural class  Sand - Loamy sand 

%Clay 4.32 - 8.32 - 5.38 ± 1.11 

 %Silt 8.56 - 15.56 - 11.06 ± 1.76 

 %Sand 78.12 - 86.12 - 83.56 ± 2.04 

pH (Water) 5.9 Moderately acid 6.67 Neutral 6.3 ± 0..2 

pH (0.01 M CaCl2) 5.24 - 6.03 - 5.7 ± 0.3 

pH (1 M KCl) 5.19 - 6.06 - 5.5 ± 0.2 

% Total Nitrogen 0.12 Moderately. low 0.61 Very high 0.22 ± 0.12 

%Total Carbon 1 Low 2.21 Very high 1.45 ± 0.38 

C:N 1.8 - 11.7 - 7.6 ± 2.2 

Avail P (mg P/kg) 8.5 Moderate 36.7 High 15.1 ± 7.0 

Ca2+ (cmol/kg) 1.6 Very low 4.5 Low 2.9 ± 0.7 

Mg2+ (cmol/kg) 3.8 High 9.2 Very high 5.1 ± 1.2 

K+ (cmol/kg) 0.25 Low 0.3 Low 0.28 ± 0.02 

(Table A1) Contd… 
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Parameter Minimum Value Ratings Maximum Value Ratings Mean ± SD (n = 18) 

Na+ (cmol/kg) 0 Very low 0.1 Very low 0.04 ± 0.01 

Al+H (cmol/kg) 0 - 0.9 - 0.34 ± 0.31 

CEC (cmol/kg) 7.2 Low 14.8 Moderate 8.6 ± 1.7 

%Base saturation 89.5 Very high 100 Very high 96.2 ± 3.3 

Fe (mg/kg) 9.5 - 23.4 - 15.5 ± 4.3 

Cu (mg/kg) 28.1 - 105.9 - 72.0 ± 24.0 

Mn (mg/kg) 8 - 41.3 - 22.0 ± 7.8 

Zn (mg/kg) 3.3  - 35.4  - 15.3 ± 7.1 

 
 
Table A2. Average weather conditions across the 4 year study period at the derived savannah ecology. 

  Temp (°°C) Rainfall (mm) Humidity    Solar Radiation (mjm2) 
Year 

Min. Max. Min. Max. Min. Max. Min. Max. 

2014 23.76 30.25 137.1 159.46 49.11 54.66 10.99 12.85 

2015 23.58 28.95 140.4 161.02 59.28 66.08 10.96 12.31 

2016 25.37 29.86 116.2 161.43 57.84 63.25 10.64 11.93 

2017 24.21 28.66 170.5 178.86 61.5 70.23 10.13 11.47 

 
 

Table A3. Variance analysis and correlation coefficient (Kendall’s) on AYB yield and quality traits grown in 4 year environments. 

Source Df NPD PP PLG FPP PPP SP SYP NYP TY Sy/ha PCA OC% 

Replicate 
(landrace) 

46 20.84 0.39 11.3* 7.84 31.67* 7.51* 69.02* - 17.06 9744.39** 16.24 33.92 

Landrace (L) 22 632.36* 4.03* 173.61* 201.59* 5553.71** 164.64* 4037.17* 706.78* 75791.84** 53.61* 181.89* 

Year (Y) 3 286.73* 6.62 74.42 271.08 856.57* 371.34 83.71 - 47 705917.1** 0.9 6.63 

L X Y 66 128.83* 1.41 45.75 32.52 100.49* 34.83 376.84 - 455.06* 53117.17** 10.91 0.61 

Residual 138 18.13 0.33 13.97 7.21 27.58 7.14 28.92 - 29.84 9058.59** 1.09 0.82 

Total 275 - - - - - - - - - - - - 

C.V (%) - 18.25 26.43 19.23 21.3 10.78 22.11 36.92 - 80.31 24.97 1.09 7.32 

R2 - o.24 0.03 -0.05 0.22 0.13 0.25 0.06 - 0.04 0.12 -0.003 -0.41 

rk( 0.05%) - � 0.51* 0.17 -0.22 0.47* 0.36 0.50* 0.25  - 0.2 0.27 0.36* 0.33* 

Note: DF= Degree of Freedom; NPD= Number of Peduncle/ Plant; PP= Number of Pods/Peduncle, PLG= Pod Length, FPP = Filled Pod/ Plant, PPP= Number of Pods/ Plant, SP= 
Number of Seeds/Pod, SYP= seed yield/plant,NYP= Nodule Yield/Plant, TY= Tuber Yield/ Plant, Sy/ha= Seed Yield/Hectare, PCA= Crude Protein Content, OC%= Oil Content in 
percentage, R2= Coefficient of Determination, rk= correlation Coefficient (Kendall’s). 
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Table A4. AYB mean vegetative trait performance across the 4 year growing. 

Landrace/Origin� DFW� DDG� Pit Ht (cm)� No Pr brch� No sec brch� DDM�

Togo� Min� Max� Min� Max� Min� Max� Min� Max� Min� Max� Min� Max�

 � 98� 110� 5� 9� 93� 140� 3� 4� 7� 9� 148� 170�

Cameroun�  �  �  �  �  �  �  �  �  �  �  �  �

TSs10� 93� 120� 7� 20� 95� 120� 2� 4� 5� 8� 157� 187�

TSs12� 87� 119� 7� 13� 87� 119� 1� 4� 5� 9� 157� 193�

TSs5� 88� 120� 8� 13� 90� 151� 2� 4� 5� 8� 158� 192�

Mail�  �  �  �  �  �  �  �  �  �  �  �  �

TSs119� 78� 120� 9� 12� 99� 141� 2� 4� 7� 8� 155� 182�

TSs109� 87� 116� 7� 12� 87� 116� 2� 4� 7� 8� 155� 183�

TSs111� 90� 125� 7� 15� 90� 176� 2� 4� 5� 9� 159� 191�
TSs148� 88� 130� 7� 15� 88� 130� 2� 4� 4� 8� 154� 197�

Zambia�  �  �  �  �  �  �  �  �  �  �  �  �

TSs45� 45� 121� 7� 12� 90� 151� 2� 4� 4� 9� 158� 184�

TSs49� 98� 119� 10� 13� 97� 171� 2� 3� 5� 9� 149� 191�

TSs48� 91� 140� 7� 10� 109� 172� 2� 3� 6� 9� 158� 191�

TSs7� 91� 130� 8� 13� 98� 151� 2� 4� 7� 8� 157� 191�

Malawi�  �  �  �  �  �  �  �  �  �  �  �  �

TSs93� 97� 115� 8� 13� 121� 180� 2� 4� 6� 9� 161� 190�
Tanzania�  �  �  �  �  �  �  �  �  �  �  �  �

TSs95� 97� 118� 7� 12� 107� 108� 2� 3� 5� 8� 165� 183�

TSs96� 99� 115� 6� 15� 98� 142� 1� 3� 5� 9� 177� 193�

TSs116� 85� 115� 8� 16� 97� 132� 1� 4� 7� 9� 158� 194�

Nigeria�  �  �  �  �  �  �  �  �  �  �  �  �

TSs57� 78� 120� 8� 15� 99� 181� 2� 4� 7� 9� 157� 187�

TSs58� 95� 110� 8� 11� 102� 191� 2� 4� 7� 9� 153� 197�

TSs60� 60� 123� 10� 15� 105� 181� 2� 4� 6� 10� 159� 197�
TSs61� 80� 191� 8� 12� 115� 181� 3� 4� 7� 10� 151� 183�

TSs69� 91� 121� 6� 11� 91� 121� 3� 4� 7� 9� 157� 187�

TSs79� 87� 115� 7� 10� 87� 131� 3� 4� 6� 8� 159� 191�

TSs82� 93� 111� 8� 12� 93� 119� 3� 4� 7� 8� 151� 192�

Mean� 86.78� 122.78� 7.52� 13.00� 97.30� 191.52� 2.09� 3.83� 5.96� 8.70� 157.09� 188.96�

SE� 2.63� 3.42� 0.24� 0.50� 1.91� 43.09� 0.12� 0.08� 0.22� 0.13� 1.21� 1.29�

STD� 12.59� 16.38� 1.16� 2.39� 9.15� 206.63� 0.60� 0.39� 1.07� 0.63� 5.82� 6.19�

CV� 14.51� 13.34� 15.46� 18.41� 9.40� 107.89� 28.58� 10.13� 17.88� 7.30� 3.71� 3.28�
Note: DFW= Number of days to flowering; Plt h = Plant height; no pr brch = Number of Primary branches; no sec brch = Number of Secondary Branches, DDM = Days To 
Maturity, R2 = coefficient of determination 
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Table A5. AYB mean yield and quality trait performance across the 4 year growing season. 

Landrace�

/Origin�
NPD� PP� PLG (cm)� FPP� PPP� SP� NYP/g� TY/g� Syha/kg� PCA� OC�

Togo Min Max Min Max Min Max Min Max Min Max Max Min Max Min Min Max Min Max Min Max Min Max 

TSs118 26 28 2 4 15 23 10 21 13 31 9 22 0 0 0 0 268 520 16 18 6.9 8.5 

Cameroun                       

TSs10 9 18 2 5 18 28.9 10 20 20 82 7 20 0 50.2 0 41.2 180 498 16.7 23.7 9.5 20.7 

TSs12 26 61 2 4 18.3 26 9 18 23 43 7 19 0 51.4 0 0 238 442 20 23.4 10.9 18.2 

TSs5 15 39 1 3 10 29 11 25 18 37 7 19 2 37 0 0 40 740 18.8 21 5.8 9.7 

Mail                       

TSs119 19 41 2 4 15 30.3 8 26 15 19 8 23 0 0 0 46.4 160 620 16 22 6.7 9 

TSs109 0 22 1 4 17 25 5 25 9 15 3 15 0 73 0 46.2 24 560 17.7 24.7 11.9 18.9 

TSs111 19 34 1 3 15.4 23.1 0 12 9 21 1 18 37.1 82 0 43.7 60 374 16.9 19 6 10 

TSs148 18 40 1 1 17 24 10 23 21 61 0 18 29.6 49.1 0 0 264 640 20.3 22.9 0.8 5.8 

Zambia                       

TSs45 19 39 1 3 15 23 4 21 10 18 0 17 35.3 55.7 0 0 0 780 20.4 23.8 0.8 9 

TSs49 15 41 0 2 0 22.6 0 12 10 18 0 10 28.1 55 0 37.2 34 820 21.9 23.4 0.5 8.9 

TSs48 0 25 2 3 0 20.2 9 29 9 21 7 15 28.1 71.2 0 39.5 158 626 23 24 6.9 10 

TSs7 15 32 1 2 0 23.3 0 12 10 32 0 20 0 0 0 31.2 48 740 16 32.9 6 10 

Malawi                       

TSs93 15 32 1 3 17 37.1 9 21 11 29 7 18 0 0 0 54.3 164 640 16 19 10.9 16 

Tanzania                       

TSs95 18 40 2 3 17 23 8 22 15 50 7 15 0 0 0 63.1 138 526 16 17 10.9 14 

TSs96 18 33 1 3 12 22.3 0 12 10 22 0 17 0 0 0 42.1 160 660 18 18.9 9.5 20 

TSs116 20 41 1 3 15 23 9 23 18 43 5 21 0 55.9 0 29.6 246 660 18 18.2 10 22 

Nigeria                       

TSs57 10 20 1 4 12 25.2 9 22 17 37 6 22 0 0 0 0 272 640 16 18 14.4 22.3 

TSs58 19 40 1 3 16 39.2 11 23 17 51 6 21 0 0 0 0 140 640 16 18 7.3 16 

TSs60 2 3 0 3 0 23 0 12 10 20 0 12 0 0 0 32.5 50 620 16 20 13 18 

TSs61 15 40 1 3 12 27 9 29 18 41 5 19 0 0 0 43.6 386 760 21 23.7 11.5 13.4 

TSs69 15 35 2 4 18 25 11 40 15 49 6 20 0 0 0 0 60 558 16 20 10.7 14.1 

TSs79 17 32 1 4 15 26 11 25 15 41 6 18 0 0 0 31.2 98 588 17 23 15.9 20.7 

TSs82 15 30 1 4 15 24 7 23 15 35 6 20 0 0 0 0 174 678 20 24 13 18 

Mean 15 33.3 1.2 3.39 12.6 25.8 6.96 21.6 14.3 35.5 4.48 18.2 6.97 25.2 0.0 25.3 146 623 18 21.7 8.69 14.5 

SDV 6.88 11.2 0.6 0.72 6.27 4.59 4.13 6.70 4.27 16.3 3.15 3.18 14.4 30.7 0.0 22 99.9 108 2.22 3.51 4.2 5.11 

CV 45.9 33.7 49.2 21.3 49.8 17.8 59.4 31.1 30 46 70.3 17.4 193 121 0.0 86.8 68.3 17.3 12.4 16.2 48.4 35.3 

S.E 1.44 2.34 0.13 0.15 1.31 0.96 0.86 1.40 0.89 3.4 0.66 0.66 2.8 6.39 0.0 4.58 20.8 22.5 0.46 0.73 0.88 1.07 

Note: NDF= Number of Days to Flowering; PLH= Plant Height; NBH= Number of Primary Branches; NSB= Number Of Secondary Branches, DDG= Days To Maturity, SDV= 
Standard Deviation, CV= Coefficient of Variation, S.E= Standard Error 
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Fig. (1): Principal component contribution to trait performance. (A higher resolution / colour version of this figure is available in the elec-
tronic copy of the article). 
 

 
Fig. (2). Dendogram of seven clusters (Ward) from the 23 S. stenocarpa landraces using the coefficients of determination (R- squared).  
 
Table A6. Variance analysis description using principal component analysis on AYB vegetative traits grown in 4 year environments. 

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 

DFW 0.009 -0.289 -0.056 0.241 -0.237 0.357 -0.174 0.397 

DDG -0.133 0.075 0.109 -0.302 0.544 0.109 -0.217 -0.104 

PLH -0.014 -0.148 0.308 0.378 0.249 0.088 -0.249 0.247 

NBH 0.086 0.039 0.221 0.462 -0.029 -0.236 0.296 -0.166 

NSB 0.087 -0.016 0.189 0.306 0.124 -0.366 -0.500 0.082 

DDM 0.014 -0.327 0.207 -0.232 0.012 0.277 0.079 0.272 

% var. prop 23.240 10.900 9.300 8.630 6.220 5.510 5.040 4.220 

Cummu var Proportion 23.200 34.140 43.020 51.640 57.730 63.270 68.210 72.500 

Eigen value of r 4.874 2.281 1.879 1.800 1.292 1.146 1.054 0.888 

Note: NDF= Number of Days to Flowering; PLH= Plant Height; NBH= Number of Primary branches; NSB= Number Of Secondary Branches, DDG= Days To Maturity, %var.prop= 
Percentage Variance Proportion, Cummu. Var. prop.= Cummulative Variance Proportion, r.= Correlation 
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Table A7. Variance analysis description using principal component analysis on AYB yield traits grown in 4 year environments. 

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 

NPD 0.35 -0.21 0.01 -0.04 0.16 0.07 -0.11 -0.14 

PP 0.28 -0.22 -0.08 0.07 0.11 0.16 0.14 -0.26 

PLG 0.25 -0.23 0.09 -0.11 -0.09 -0.02 0.23 0.24 

FPP 0.37 0.06 -0.01 -0.03 -0.04 0.08 0.13 0.12 

PPP 0.40 -0.09 -0.08 -0.01 -0.13 -0.10 -0.04 -0.04 

SP 0.35 0.13 0.14 -0.08 0.00 0.10 0.12 0.06 

SYP 0.22 0.52 0.07 0.06 0.08 0.22 -0.02 0.15 

NYP -0.07 -0.03 -0.53 0.19 0.19 0.12 0.10 0.12 

TY -0.15 -0.12 0.33 0.03 0.36 0.22 0.25 0.09 

SYH 0.22 0.52 0.07 0.06 0.08 0.22 -0.02 0.15 

PCA -0.03 0.04 -0.38 0.06 -0.05 0.37 -0.37 -0.07 

OC 0.02 -0.02 0.37 -0.23 -0.31 0.27 -0.27 -0.43 

% var. prop 23.24 10.90 9.30 8.63 6.22 5.51 5.04 4.22 

Cummu var. Prop. 23.20 34.14 43.02 51.64 57.73 63.27 68.21 72.50 

Eigen value of r 4.87 2.28 1.88 1.80 1.29 1.15 1.05 0.89 

Note: NPD= Number of Peduncle/ plant; PP= number of pods/peduncle, PLG= pod length, FPP = filled pod/ plant, PPP= Number of Pods/ Plant, SP= Number of Seeds/pod, SYP= 
Seed Yield/Plant, NYP= Nodule Yield/Plant, TY= Tuber Yield/ plant, Sy/ha= Seed Yield/Hectare, PCA= Crude Protein Content, OC%= Oil Content in Percentage. %var.prop= 
Percentage Variance Proportion, Cummu. Var. prop.= Cummulative Variance Proportion, r.= Correlation 
  
Table A8. Mean value of the vegetative traits and six identified cluster groups using ward’s clustering analysis. 

Variables Trait Genotypic Mean CL I CL II CL III CL IV CL V CL VI CL VII 

DFW 100.77 93.47 100.01 110.17 110.39* 94.53 121.03 96.42 

DDG 9.92 8.76 7.49 10.37 9.97 8.24 8.37 9.76 

PLH 125.09 125.97** 126.71 126.56 128.31 128.87 126.61 128.97 

NBH 3.11 3.1 3.34 2.46 3.62 4.01 3.82 3.17 

NSB 7.27 6.55 7.74 7.08 6.11 5.87 7.5 7.09 

DDM 159.97 149.21 155.86 150.18 150.38 165.32 161.11 152.94 

Number of landraces 23 7 4 4 3 2 2 1 

NDF= Number of Days to Flowering; PLH= Plant Height; NBH= Number of Primary branches; NSB= Number of Secondary Branches, DDG= Days To Maturity. 
* Group mean maximum value (bold) ; ** Group mean minimum value (italics) 
 
Table A9.  Mean value of the yield and quality traits and six identified cluster groups using ward’s clustering analysis. 

Variables Trait Genotypic Mean CL I CL II CL III CL IV CL V CL VI CL VII 

NPD 23.33 20.18 23.04 19.17 24.88* 20.09 21.52 22.74 

PP 5.18 5.87 4.38 4.02 3.72** 5.04 5.11 4.89 

PLG 19.44 19.02 19.96 17.22 18.18 17.64 19.19 20.85 

FPP 12.59 14.01 10.43 12.54 13.87 13.01 11.2 10.02 

PPP 38.77 36.56 39.87 27.41 20.36 37.02 39.55 21.02 

SP 12.08 14.08 13.79 11.03 11.79 13.02 12.41 10.22 

SYP(g) 19.06 17.28 17.03 15.37 21.04 16.19 15.29 14.79 

(Table A9) Contd… 
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Variables Trait Genotypic Mean CL I CL II CL III CL IV CL V CL VI CL VII 

NYP(g) 34.56 30.08 31.22 32.49 34.19 30.87 38.04 34 

TY(g) 46.08 31.77 43.71 45.33 46.17 44.85 49.75 40.92 

SYH 481.11 583.08 487.19 494.01 481 436.4 480.15 480.84 

PCA 19.61 19.02 18.2 18.19 21.42 20.19 20.27 18.02 

OC 12.23 10.25 19.27 12.02 16.66 15.08 13.28 13.71 

Number of landraces 23 7 5 3 3 2 1 2 

NPD= Number of Peduncle/ plant; PP= Number of Pods/Peduncle, PLG= Pod Length, FPP = Filled Pod/ Plant, PPP= Number of Pods/ Plant, SP= Number of Seeds/Pod, SYP= Seed 
Yield/Plant, NYP= Nodule Yield/Plant, TY= Tuber Yield/ Plant, Sy/ha= seed Yield/Hectare, PCA= Crude Protein Content, OC%= Oil Content in Percentage  * group mean maxi-
mum value (bold * ; ** group mean minimum value (italics) 
  
Table A10. Origin and demography of the 23 AYB landraces used for the experiment. 

S.No. Genotype Root Formation Origin Agronomic Information Geographical Coordinate 

G1 TSs118 Seed Togo Cultivated 8.61N - 1.10E 

G2 Tss10 Tuber and seed Cameroun Cultivated 10.44N – 14.85E 

G3 TSs12 Nodule and seed Cameroun Cultivated 10.44N – 14.85E 

G4 TSs5 Nodule and seed Cameroun Cultivated 7.37N - 12.35E 

G5 TSs109 Tuber and seed Mali Cultivated 13.88N – 8.10E 

G6 TSs111 Nodule and seed Mali Cultivated 13.35N – 7.90E 

G7 TSs 148 Nodule and seed Mali Cultivated 13.88N – 8.10E 

G8 TS119 Seed Mali Landrace 17.00N - 8.00E 

G9 TSs45 Nodule and seed Zambia Cultivated 13.08N- 31.21E 

G10 TSs49 Nodule and seed Zambia Cultivated 15.07N – 25.39E 

G11 TSs48 Nodule and seed Zambia Cultivated 14.41N – 30.70E 

G12 TSs7 Seed Zambia Cultivated 14.41N – 30.70E 

G13 TSs93 Tuber and seed Malawi Cultivated 13.25S - 34.30E 

G14 TSs95 Tuber and seed Tanzania Cultivated 6.37S - 34.89E 

G15 TSs96 Tuber and seed Tanzania Cultivated 6.37S - 34.89E 

G16 TSs116 Nodule and seed Tanzania Cultivated 6.37S - 34.89E 

G17 TSs57 Seed Nigeria Landrace 9.08N - 8.67E 

G18 TSs58 Seed Nigeria Landrace 9.08N - 8.67E 

G19 TSs60 Seed Nigeria Landrace 9.08N - 8.67E 

G20 TSs61 Seed Nigeria Landrace 9.08N - 8.67E 

G21 TSs69 Seed Nigeria Landrace 9.08N - 8.67E 

G22 TSs79 Seed Nigeria Landrace 9.08N - 8.67E 

G23 TSs82 Seed Nigeria Landrace 9.08N - 8.67E 
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