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Abstract: The winged bean is an underutilized legume that has the potential to contribute to nutrition and food 

security globally, especially in sub-Saharan Africa (SSA). However, very little research attention is paid to 

exploiting its full potential due to a lack of adequate knowledge of the existing genetic diversity in the available 

winged bean germplasm. To bridge this gap, seed morphometric and selected agro-morphological traits which 

are crucial for yield and seed quality determination in crop plants were used to assess the genetic diversity of 

thirty accessions of winged bean sourced from the Gene bank of the International Institute of Tropical 

Agriculture (IITA), Ibadan. The thirty winged accessions were evaluated under field trials at three agro-

ecological zones in Nigeria. The agro-morphological data as well as the seed morphometric dataset obtained 

from a Multi-Spectral Imaging (MSI) system were subjected to Analysis of Variance (ANOVA), Principal 

Component (PC) analysis, cluster analysis, and correlation analysis. Significant differences (p < 0.05) were 

observed among the accessions for all measured traits. The first three PCs accounted for 93% of the variation 

observed among the accessions for all measured traits. Accessions were grouped into three clusters based on 

the agro- morphological traits and three clusters under the MSI system. Seed yield per plant had the highest 

estimates of significant positive correlation with hundred seed weight, pod weight per plant, etc. at both 

phenotypic and genotypic levels. TPt-31 had the highest seed yield per plant, pod weight per plant, and early 

maturity while TPt-7 had an extended flowering and maturity period, the highest number of pods per peduncle 

and pods per plant as well as the lowest seed yield. These accessions could serve as a good resource for future 

winged bean improvement programs. The result also confirmed that the MSI system is an invaluable tool for 

discriminating among accessions of the same crop species. 

Keywords: genetic diversity; underutilized legume; multispectral imaging system; agro-morphological traits; 

winged bean; morphometric traits 

 

1. Introduction 

Winged bean (Psophocarpus tetragonolobus (L.) DC.) is a neglected and underutilized legume that 

thrives well in hot, humid equatorial countries [1]. It belongs to the family Fabaceae. It is 

predominantly grown in Papua New Guinea, Malaysia, Thailand, Bangladesh, Indonesia, Ghana and 

to a lesser extent in Nigeria [2]. It is nutritious with an exceptionally high amount of proteins, vitamins, 

and fatty oils that could play a major role in the diet improvement of people in SSA countries [3]. It is 

a multipurpose legume grown for its edible seeds, vegetable and root tuber. The dried tubers and 

mature seeds contain about 17–19% and 28-45% proteins, respectively, as well as a high oil contents 

of about 14-20.4% similar to that of soybean [4–6]. A study by Amoo et al. [7] revealed that winged 

bean flour has the potential to reduce dietary deficiency in children and adults of SSA when blended 

and prepared into different meals. Due to the increasing global food demand, the winged bean is a 
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prospective crop that when cultivated and utilized, could enhance nutrition and food security 

especially in the developing countries of SSA [2]. 

Despite the nutritional potentials of winged bean, very little attention is paid to exploiting it due 

to its long maturation period, indeterminate growth habit, low seed yield and the need of trellis for 

support, as well as the presence of anti- nutritive factors including chymotrypsin inhibitors, 

hemagglutinins and trypsin inhibitors [4]. In addition, there is limited information about the existing 

genetic diversity among the available winged bean germplasm [8]. Understanding the genetic 

diversity of existing landraces from various geographical regions is critical for their conservation and 

subsequently, their utilization in breeding efforts [2]. Information on genetic diversity is needed by 

plant breeders in developing effective approaches as well as provides the information on heterotic 

combinations in crop improvement programs [9]. Several efforts have been made by researchers to 

assess the genetic diversity of winged bean using agro-morphological traits [10–13]. For example, 

Yulianah et al. [10] assessed genetic diversity of 21 Indonesian winged bean accessions based on 

morphological characters and they reported that phenotypic traits including pod length, number of 

pods per plant and total pod weight per plant are useful in discriminating among the winged bean 

accessions. Similarly, Wong et al. [13] evaluated 24 winged bean accessions sourced from Nigeria, 

Malaysia, Bangladesh, Papua New Guinea, Indonesia, Sri Lanka and Liberia based on their yield-

related traits. Apart from agro-morphological traits, molecular tools have also been employed to 

assess the genetic diversity of winged bean accessions using molecular markers. Mohanty et al. [6] 

used Inter Simple Sequence Repeat (ISSR) and Random Amplified Polymorphic DNA (RAPD) 

markers to assess the genetic diversity of 24 winged bean accessions. In another study, Laosatit et al. 

[8] employed 14 simple sequence repeats (SSR) markers to assess the genetic diversity and the 

population structure in 457 accessions of winged bean collected from six geographical regions in 

Thailand. However, it is important to assess the genetic diversity of newly collected winged 

accessions together with already existing accessions in the IITA-Gene bank. 

Multi Spectral Imaging (MSI) system is an integrated computer-aided image analysis system for 

assessing morphometry and distinguishing variations in seeds [14]. It measures a variety of seed 

morphometric features and provides a more accurate assessment of the seed features such as size, 

color, shape, and texture to quantitatively discriminate among different accessions [15]. Additionally, 

it replaces subjective and perception- based evaluation with a more accurate objective quantification in 

the analysis of seed morphometric variation [14,15]. Venora et al. [16] used an image analysis system 

for varietal identification of 15 Italian common bean landraces based on the seed size and color 

descriptors. Similarly, Kilic et al. [17] developed a computer vision system and artificial neural 

network based on seed size and color for classification of 69 common bean samples. In addition, 

Geetha et al. [18] used seed image analyzer to characterize the shape descriptors of 9 mustard 

genotypes. They found most of the seed geometric features including area, perimeter, circularity and 

length useful in discriminating the genotypes. However, the application and effectiveness of MSI 

system in assessing the genetic diversity among winged bean accessions is yet to be reported. The 

MSI system offers to be an invaluable tool in the phenotypic characterization of winged bean 

accessions in the IITA-Gene bank. Hence, the objective of this study was to assess the genetic diversity 

of thirty winged bean accessions using agro-morphological traits and seed morphometric   traits 

derived from a MSI system. 

2. Materials and Methods 

2.1. Genetic Materials, Experimental Locations and Experimental Design 

Thirty accessions of winged bean sourced from IITA-Gene bank (Table 1) were evaluated under 

rainfed conditions during the growing seasons of year 2020 at three (3) IITA research stations (Ubiaja 

- Humid rainforest; 6°65'N 6°38'E; Ikenne - Lowland humid forest; 6°92'N 3°73'E and Ibadan - Forest-

savanna transition zone; 7°48'N 3°89'E). The trials were laid out in a Randomized Complete Block 

Design (RCBD) with three replications. Seeds of each accession were sown on a 14 m row plot with a 

spacing of 1 m inter and intra row spacing. Hand weeding was carried out to get a clean field 
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throughout the experiment. Data on yield and other seed traits were collected using the Bioversity 

revised descriptor list for winged bean as a guide https://www.bioversityinternational.org/e-

library/publications/detail/winged-bean-descriptors-revised/. 

Table 1. List of winged bean accessions used for the study and their countries of origin. 

S/N  
Accession 

number  
Sources  

1 TPt-2 Nigeria 

2 TPt-3 Nigeria 

3 TPt-4 
Trinidad and 

Tobago 

4 TPt-5 Nigeria 

5 TPt-6 Nigeria 

6 TPt-7 Unknown 

7 TPt-9 Unknown 

8 TPt-10 
Papua New 

Guinea 

9 TPt-11 Costa Rica 

10 TPt-12 Liberia 

11 TPt-14 Indonesia 

12 TPt-15 Indonesia 

13 TPt-16 Indonesia 

14 TPt-17 Indonesia 

15 TPt-18 Unknown 

16 TPt-19 Nigeria 

17 TPt-21 
Papua New 

Guinea 

18 TPt-22 
Papua New 

Guinea 

19 TPt-26 Nigeria 

20 TPt-30 Unknown 

21 TPt-31 Indonesia 

22 TPt-32 Unknown 

23 TPt-33 Unknown 

24 TPt-43 Unknown 

25 TPt-48 Unknown 

26 TPt-51 Bangladesh 

27 TPt-53 Bangladesh 

28 TPt-126 Unknown 

29 TPt-153 Unknown 

30 TPt-154  Unknown  
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2.1.1. Data Analyses 

The agro-morphological data were subjected to Analysis of Variance (ANOVA) using the ‘lme4’ 

package in R (R Core Team, 2022) [19]. Phenotypic and genotypic correlation analyses of traits were 

carried out using ‘variability’ package in R and was used to determine the level of association among 

the traits measured [20]. Principal Component Analysis (PCA) was used to obtain information on the 

traits that mostly contributed to the overall variability observed among the accessions. Cluster Analysis 

was used to group accessions based on similarity among agro-morphological traits and this was done 

using the Ward minimum variance method [21]. 

2.2. Multispectral imaging analysis 

VideometerLab4TM (Videometer A/S, Herlev, Denmark) was used to capture images of ten seeds 

from each of the thirty winged bean accessions with three replications. Feature information was 

extracted from the scanned images with the aid of the Videometer lab software version 3.14.9 as 

described by Galetti et al. [22]. Data on seed morphometric traits including size  and shape features 

such as seed length, width, seed area, seed perimeter, seed form factor, seed eccentricity, seed 

rectangularity, seed compactness and seed hue were captured. Other seed shape parameters such as 

seed circularity index and seed eccentricity index were estimated from the measured features using 

methods from Cervantes et al. [23]; Daniel et al. [24]; and Adewale et al. [25] (Table 2). The means from 

the ten individual samples in the three replicates for each accession were computed for the eleven 

morphometric traits. Pearson’s correlation analysis was performed to determine the level of 

association among seed morphometric characters. Single Linkage Cluster analysis (SLCA) was used 

to group accessions. Morphometric data were subjected to descriptive statistics. 

Table 2. The descriptions of the seed morphometric features measured. 

S/N Parameters Descriptions/mode of estimation 

1 Seed length (mm) 
Longest dimension on the seed taken at base 

of the seed.  

2 Seed width (mm) 
Cross section taken at right angle to the length 

of the seed. 

 

 
3 Seed area (mm2) Product of seed length and seed width.  

4 Seed Perimeter (mm) 
the number of pixels in the boundary of the 

object. 
 

5 
Seed Rectangularity 

(mm) 

the ratio of the object to the area of the 

minimum bounding rectangle. 
 

6 Seed hue Color appearance parameter.  

7 Seed compactness 
the ratio of the area of an object to the area of 

a circle with the same perimeter. 
 

8 
Seed circularity index 

(CI) 

This is how alike a circle the shape of the seed 

is. CI = 4πArea/(Perimeter)2 
 

9 
Seed eccentricity 

index-ratio (EI) 
the measure of aspect ratio. EI = SL/SW  

mm-millimeter, mm2-square millimeters. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 March 2023                   doi:10.20944/preprints202303.0278.v1

https://doi.org/10.20944/preprints202303.0278.v1


 5 

 

3. Results 

3.1. Analysis of variance 

The combined analysis of variance revealed significant differences (p<0.05 and <0.01) among the 

accessions and environments for all the measured traits (Table 3). Coefficients of variation were low 

(<21%) for all measured traits except seed yield per plant (SYD) with 43.8%, pod weight per plant (PWT) 

with 42.2% and number of pods per peduncle (NPP) with 30.8%. 

Table 3. Combined mean squares for yield traits of thirty winged bean accessions evaluated across 

the three environments. 

SOV Env Accn Rep (Env) Accn*Env Error CV (%) 

DF 2 29 6 58 174.00  

SYD (g) 27165.29** 2676.63** 6658.00** 612.77 521.04 43.8 

HSW (g) 301.32** 102.06** 24.07 28.48* 23.42 15.5 

PWT 112784.02** 9480.81** 31057.73** 2339.60** 2438.09 42.4 

NLP 52.34** 22.57** 7.05** 2.60 1.98 9.0 

NSP 1.11** 0.58** 0.13** 0.05 0.03 12.5 

D50P 8017.31** 150.30** 24.68 27.38* 18.40 7.5 

DFF 5987.73** 223.16** 3.24 20.34 19.93 6.7 

D50F 8782.07** 302.19** 43.16 18.35 23.84 6.6 

DPM 11124.58** 815.00** 154.82* 86.44* 60.84 8.5 

D50M 13027.07** 867.75** 389.78** 144.00** 72.26 8.6 

NPd 1.74** 3.36** 0.42 0.44** 0.20 30.8 

NPP 2164.70** 334.32** 845.66** 69.88 75.81 39.3 

PL (cm) 5.67* 78.63** 4.19* 1.51 1.45 6.4 

PW 

(mm) 

47.58** 24.24** 14.14** 1.35 1.83 9.5 

SL (mm) 3.70** 3.36** 0.11 0.159* 0.11 3.7 

SW 

(mm) 

8.02** 3.19** 0.11 0.07 0.07 3.3 

ST (mm) 9.47** 1.66** 0.26* 0.12 0.09 4.5 
*, ** significant at 5% and 1% levels respectively. SOV-source of variation, Env-environment, Accn-accession, Rep-

replicates, CV-co-efficient of variation, DF-degree of freedom, g-grams, cm-centimeter, mm-millimeter, SYD-seed 

yield per plot, HSW-100 seed weight, PWT-pod weight per plant, NLP-number of locules per pod , NSP-number of 

seed per pod, D50P- days to fifty percent peduncle initiation, DFF-days to first flowering, D50F-days to fifty 

percent flowering, DPM-days to first pod maturity, D50M-days to fifty percent maturity, NPd-number of pod 

per peduncle, NPP-number of pod per plant, PL-pod length, PW-pod width, SL- seed length, SW-seed width, 

ST-seed thickness. 

3.2. Mean Performance of the Accessions 

The mean performance among accessions (Table 4) for seed yield per plant was highest in TPt-

31 (99.8 g) and lowest in TPt-7 (16.7 g) with an average seed yield of 61.6 g. The weight of hundred 

seeds ranged from 14.1 g in TPt-7 to 37.6 g in TPt-12 with an overall mean of 31.0 g. Days to 50% 

flowering ranged from 70 days for TPt- 126 to 102 days for TPt-7 with an average of 74.6 days. TPt-

22 recorded maturity earliest at 83.7 days while TPt-7 recorded an extended maturity period of 140.8 
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Days after Sowing (DAS) with an average maturity period of 93.7 days. TPt-7 (5.33 cm) and TPt-153 

(22.55 cm) had the shortest and longest pods, respectively with an average pod length of 19.53 cm. 

The number of pods per plant ranged from 13.6 in TPt-33 to 48.0 in TPt-7 with an average of 25.6. 

Comparatively, number of seeds per pod varied between 5.33 (TPt-7) and 14.56 (TPt-53). Weight of 

pods per plant varied from 47.09 in TPt-7 to 197.5 g in TPt-31. 

Table 4. Mean performance of the 30 winged bean accessions with respect to the traits evaluated 

across three environments. 

ACC

N 

SY

D 

HS

W 

PWT NL

P 

NS

P 

D50

P 

DFF D50

F 

DP

M 

D50

M 

NP

d 

NP

P 

PL(c

m) 

PW(m

m) 

SL(m

m) 

SW(m

m) 

ST(m

m) 

TPt-

10 

83.2

2 

35.5

2 

173.7

5 

12.4

4 

12.3

3 

60.5

6 

69.11 77.22 95.56 105.3

3 

1.4

4 

32.4

4 

19.66 16.06 8.98 8.14 7.01 

TPt-

11 

76.9

6 

28.0

2 

139.3

0 

10.5

6 

10.3

3 

57.3

3 

65.67 70.56 94.22 107.0

0 

1.5

6 

31.1

1 

17.32 15.75 8.62 7.91 6.83 

TPt-

12 

72.4

7 

37.6

2 

157.7

7 

11.0

0 

10.8

9 

57.3

3 

65.44 72.33 95.11 106.0

0 

1.5

6 

30.0

0 

18.38 17.15 9.36 8.32 6.87 

TPt-

126 

49.8

2 

31.4

1 

123.8

6 

11.7

8 

11.3

3 

53.2

2 

58.00 69.67 87.78 98.78 1.4

4 

21.3

3 

20.50 15.66 8.81 8.16 6.86 

TPt-

14 

65.6

0 

31.1

9 

141.0

8 

12.8

9 

12.6

7 

57.8

9 

66.22 72.22 91.78 102.2

2 

1.1

1 

23.0

0 

21.01 17.31 8.88 8.16 6.89 

TPt-

15 

70.5

5 

29.5

4 

146.3

0 

13.2

2 

12.7

8 

59.2

2 

67.33 74.89 96.67 107.6

7 

1.2

2 

24.7

8 

21.32 16.96 8.90 8.28 6.96 

TPt-

153 

59.7

3 

32.0

9 

137.1

5 

12.8

9 

12.3

3 

56.3

3 

64.00 73.78 90.22 102.2

2 

1.5

6 

21.6

7 

22.55 16.21 9.03 8.18 6.78 

TPt-

154 

66.4

7 

31.8

2 

154.1

9 

11.3

3 

11.1

1 

56.7

8 

62.22 70.33 92.00 103.0

0 

1.2

2 

27.6

7 

17.96 15.78 8.66 8.19 7.24 

TPt-

16 

53.0

9 

30.0

4 

122.9

1 

11.5

6 

11.2

2 

60.8

9 

68.33 74.89 95.33 107.5

6 

1.4

4 

25.0

0 

19.32 16.29 8.89 7.96 6.64 

TPt-

17 

55.9

0 

27.3

7 

120.8

3 

11.7

8 

11.6

7 

55.4

4 

64.67 73.78 91.56 102.1

1 

1.1

1 

23.4

4 

18.80 14.88 8.86 8.21 6.98 

TPt-

18 

71.8

8 

31.8

6 

157.1

2 

12.8

9 

12.5

6 

55.1

1 

63.78 72.11 90.44 101.5

6 

1.2

2 

26.4

4 

19.53 16.82 9.00 8.03 6.78 

TPt-

19 

69.0

7 

31.2

4 

152.1

4 

12.1

1 

11.8

9 

56.8

9 

61.89 75.00 88.67 102.3

3 

1.2

2 

26.0

0 

20.50 16.37 8.78 8.23 7.04 

TPt-2 77.7

9 

33.0

3 

190.4

1 

12.2

2 

12.3

3 

55.4

4 

63.78 74.33 94.67 105.5

6 

1.6

7 

31.1

1 

21.22 16.35 9.14 8.30 6.72 

TPt-

21 

50.4

5 

30.6

0 

105.5

3 

12.2

2 

12.1

1 

55.3

3 

60.44 70.67 89.22 99.67 1.4

4 

18.7

8 

20.19 15.79 8.84 8.25 7.09 

TPt-

22 

76.7

7 

31.3

4 

172.0

1 

13.0

0 

12.7

8 

57.1

1 

62.33 70.56 83.67 97.00 1.4

4 

27.5

6 

20.92 15.89 9.25 8.53 7.09 

TPt-

26 

70.1

8 

34.4

7 

174.9

9 

13.0

0 

12.6

7 

57.5

6 

63.11 72.33 89.33 101.5

6 

1.3

3 

28.3

3 

21.59 16.67 8.97 8.29 6.90 

TPt-3 60.9

7 

29.6

4 

134.7

3 

13.3

3 

13.1

1 

58.3

3 

64.67 74.00 94.44 105.7

8 

1.2

2 

21.8

9 

21.48 15.90 8.79 8.07 6.65 

TPt-

30 

61.8

9 

31.7

3 

131.6

6 

11.6

7 

11.4

4 

56.3

3 

63.44 73.22 88.78 100.7

8 

1.2

2 

23.8

9 

19.16 15.89 8.83 8.13 6.83 

TPt-

31 

99.7

6 

30.9

0 

197.5

0 

13.4

4 

13.2

2 

55.0

0 

63.33 72.00 86.11 98.33 1.5

6 

34.2

2 

20.87 15.45 8.70 8.16 6.86 

TPt-

32 

27.6

5 

33.6

8 

81.89 9.11 8.89 56.7

8 

64.78 72.89 92.33 104.2

2 

1.1

1 

20.2

2 

18.27 15.94 9.18 8.57 7.26 

TPt-

33 

30.5

8 

30.9

0 

79.89 11.8

9 

11.6

7 

60.0

0 

68.78 78.89 93.44 104.7

8 

1.1

1 

13.5

6 

21.45 18.43 8.93 8.30 6.78 

TPt-4 63.7

9 

32.4

3 

136.3

2 

12.1

1 

11.7

8 

55.7

8 

65.22 71.78 93.44 102.4

4 

1.1

1 

22.7

8 

20.96 16.74 9.09 8.10 6.66 

TPt-

43 

56.9

1 

30.5

9 

123.8

4 

12.2

2 

12.1

1 

58.5

6 

69.89 80.67 98.56 113.4

4 

1.2

2 

23.0

0 

19.40 13.94 8.55 7.84 6.67 

TPt-

48 

79.1

9 

30.8

8 

165.5

1 

12.6

7 

12.6

7 

54.7

8 

64.78 72.22 91.78 104.0

0 

1.6

7 

28.6

7 

20.78 16.53 9.16 8.02 6.88 

TPt-5 45.1

9 

30.5

0 

120.2

8 

12.0

0 

11.6

7 

59.7

8 

67.89 77.00 94.78 107.1

1 

1.5

6 

22.1

1 

18.70 16.01 8.50 8.02 6.60 

TPt-

51 

65.1

3 

34.1

4 

144.9

3 

11.8

9 

11.7

8 

56.6

7 

63.67 72.11 90.56 104.0

0 

1.2

2 

24.5

6 

20.03 15.84 9.05 8.14 6.88 

TPt- 70.6 31.1 153.4 13.2 14.5 59.2 64.56 77.56 96.44 107.0 1.5 24.0 20.19 15.33 8.59 8.08 6.95 
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53 1 0 3 2 6 2 0 6 0 

TPt-6 49.5

6 

32.0

4 

125.8

9 

11.0

0 

10.7

8 

57.7

8 

65.44 74.44 94.67 107.8

9 

1.5

6 

23.0

0 

19.69 15.62 9.00 8.12 6.67 

TPt-7 16.7

2 

14.0

7 

47.09 5.44 5.33 77.2

2 

88.11 102.0

0 

140.7

8 

154.2

2 

4.5

6 

48.0

0 

5.33 8.27 5.76 5.02 4.71 

TPt-9 49.1

6 

29.5

3 

108.8

6 

11.8

9 

11.2

2 

57.1

1 

64.11 74.67 88.56 101.5

6 

1.3

3 

20.3

3 

18.84 15.49 8.73 8.09 6.73 

mean 61.5

7 

30.9

8 

137.3

7 

11.8

9 

11.7

1 

57.8

6 

65.50 74.60 93.70 105.5

0 

1.4

7 

25.6

3 

19.53 15.84 8.80 8.06 6.79 

LSD 25.0

6 

7.80 54.18 0.99 1.36 4.01 4.0

9 

4.60 7.44 8.47 0.4

2 

9.37 1.15 1.39 0.31 0.25 0.29 

SYD-seed yield per plot, HSW-100 seed weight, PWT-pod weight per plant, NLP-number of locules per pod , NSP-

number of seed per pod, D50P- days to fifty percent peduncle initiation, DFF-days to first flowering, D50F-days 

to fifty percent flowering, DPM-days to first pod maturity, D50M-days to fifty percent maturity, NPd-number of 

pod per peduncle, NPP-number of pod per plant, PL-pod length, PW-pod width, SL- seed length, SW-seed 

width, ST-seed thickness, LSD- least significant difference. 

3.3. Correlation Analysis 

The genotypic and phenotypic correlation between the agro-morphological traits studied is 

presented in Table 5. SYD recorded positive significant phenotypic and genotypic correlation 

between with HSW (rp = 0.45**, rg = 0.52**); PWT (rp = 0.95**, rg = 0.99**); NLP (rp = 0.68**, rg = 0.76**); 

NSP (rp = 0.69**, rg = 0.76**), PL (rp = 0.52**, rg = 0.57**); PW (rp = 0.41**, rg = 0.45**); SL (rp = 0.48**, 

rg = 0.55**); SW (rp = 0.45**, rg = 0.49**) and ST (rp = 0.47**, rg = 0.52**), however, its correlation with 

D50P, DFF, D50F, DPM, D50M and NPd was negative but significant. HSW had a significant      positive 

phenotypic and genotypic relationship with the three seed metric traits; SL (rp = 0.91**, rg = 0.99**); 

SW (rp = 0.88**, rg = 0.95**) and ST (rp = 0.81**, rg = 0.78**). There was also a positive significant 

association observed between PWT and NLP (rp = 0.70**, rg = 0.79**) as well as NSP ((rp = 0.71**, rg 

= 0.81**) at both phenotypic and genotypic levels. NPP had a significant positive phenotypic 

association with PWT (rp = 0.14**), however it recorded a negative and non-significant genotypic 

relationship (rg = -0.03). At both phenotypic and genotypic levels, the correlation between SYD and 

NPP was positive but non-significant (rp = 0.17, rg = 0.11). D50F was significant and positively 

correlated with D50M at (rp = 0.95**, rg = 1.00**). Significant but negative correlations were observed 

for D50F with SYD (rp = -0.58**, rg = -0.62**) at phenotypic and genotypic levels. 

Table 5. Genotypic and phenotypic correlation coefficients among 17 agro-morphological traits of 30 

winged bean accessions evaluated across the three environments in Nigeria. 

Trai

ts 
 

SY

D 

HS

W  

PW

T NLP NSP 

D50

P DFF 

D50

F 

DP

M 

D50

M NPd NPP PL PW SL SW 

HS

W 

r

g 

0.52

* 
               

 

r

p 

0.45

* 
               

PW

T 

r

g 

0.99

** 

0.60

** 
              

 

r

p 

0.95

** 

0.56

** 
              

NLP 
r

g 

0.76

** 

0.81

** 

0.79

** 
             

 

r

p 

0.68

** 

0.62

** 

0.70

** 
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NSP 
r

g 

0.76

** 

0.75

** 

0.81

** 

1.00

** 
            

 

r

p 

0.69

** 

0.60

** 

0.71

** 

0.98

** 
            

D50

P 

r

g 

-

0.60

** 

-

0.81

** 

-

0.62

** 

-

0.81

** 

-

0.77

** 
           

 

r

p 

-

0.56

** 

-

0.8** 

-

0.59

** 

-

0.72

** 

-

0.68

** 
           

DFF 
r

g 

-

0.56

** 

-

0.82

** 

-

0.64

** 

-

0.77

** 

-

0.75

** 

1.00

** 

          

 

r

p 

-

0.52

* 

-

0.79

** 

-

0.57

** 

-

0.71

** 

-

0.68

** 

0.95

** 

          

D50

F 

r

g 

-

0.62

** 

-

0.86

** 

-

0.65

** 

-

0.72

** 

-

0.67

** 

1.00

** 

0.99

** 

         

 

r

p 

-

0.58

** 

-

0.81

** 

-

0.59

** 

-

0.69

** 

-

0.63

** 

0.94

** 

0.94

** 

         

DP

M 

r

g 

-

0.61

** 

-

0.93

** 

-

0.69

** 

-

0.85

** 

-

0.81

** 

1.00

** 

1.00

** 

1.00

** 

        

 

r

p 

-

0.53

** 

-

0.81

** 

-

0.56

** 

-

0.78

** 

-

0.73

** 

0.93

** 

0.94

** 

0.93

** 

        

D50

M 

r

g 

-

0.63

** 

-

1.00

** 

-

0.71

** 

-

0.89

** 

-

0.84

** 

1.00

** 

1.00

** 

1.00

** 

1.00

** 

       

 

r

p 

-

0.53

* 

-

0.81

** 

-

0.56

** 

-

0.79

** 

-

0.74

** 

0.94

** 

0.95

** 

0.95

** 

0.99

** 

       

NPd 
r

g 

-

0.48

** 

-

0.94

** 

-

0.50

** 

-

0.84

** 

-

0.82

** 

0.94

** 

0.89

** 

0.95

** 

1.00

** 

1.00

** 

      

 

r

p 

-

0.38

* 

-

0.80

** 

-

0.40

* 

-

0.74

** 

-

0.69

** 

0.85

** 

0.81

** 

0.85

** 
0.9** 

0.90

** 

      

NPP 
r

g 
0.11 

-

0.57

** 

-0.03 -0.58 

-

0.55

* 

0.79

** 

0.71

** 

0.63

** 

0.77

** 

0.80

** 

0.91

** 
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r

p 
0.17 

-

0.55

* 

0.14

** 

-

0.51

** 

-

0.46

** 

0.57

** 

0.57

* 

0.53

** 

0.64

** 

0.66

** 

0.78

** 

     

PL 
r

g 

0.57

** 

0.91

** 

0.63

** 

0.92

** 

0.90

** 

-

0.92

** 

-

0.86

** 

-

0.83

** 

-

0.94

** 

-

0.98

** 

-

0.93

** 

-

0.79

** 
    

 

r

p 

0.52

* 

0.80

** 

0.58

** 

0.91

** 

0.87

** 

-

0.83

** 

-

0.81

** 

-

0.8** 

-

0.88

** 

-

0.89

** 

-

0.86

** 

-

0.69

** 
    

PW 
r

g 

0.45

** 

1.00

** 

0.51

** 

0.76

** 

0.73

** 

-

0.85

** 

-

0.77

** 

-

0.86

** 

-

0.88

** 

-

0.94

** 

-

0.94

** 

-

0.78

** 

0.89

** 

   

 

r

p 

0.41

* 

0.83

** 

0.46

* 

0.72

** 

0.67

** 

-

0.75

** 

-

0.72

** 

-

0.8** 

-

0.82

** 

-

0.84

** 

-

0.85

** 

-

0.67

** 

0.87

** 

   

SL 
r

g 

0.55

** 

0.99

** 

0.63

** 

0.77

** 

0.74

** 

-

0.99

** 

-

0.88

** 

-

0.94

** 

-

0.97

** 

-

1.00

** 

-

0.97

** 

-

0.71

** 

0.91

** 

0.95

** 

  

 

r

p 

0.48

** 

0.91

** 

0.55

** 

0.72

** 

0.68

** 

-

0.89

** 

-

0.84

** 

-

0.90

** 

-

0.90

** 

-

0.91

** 

-

0.89

** 

-

0.64

** 

0.89

** 

0.90

** 

  

SW 
r

g 

0.49

** 

0.95

** 

0.56

** 

0.78

** 

0.76

** 

-

0.98

** 

-

0.93

** 

-

0.93

** 

-

1.00

** 

-

1.00

** 

-

1.00

** 

-

0.80

** 

0.91

** 

0.91

** 

0.97

** 

 

 

r

p 

0.45

* 

0.88

** 

0.51

** 

0.74

** 

0.71

** 

-

0.89

** 

-

0.88

** 

-

0.9** 

-

0.94

** 

-

0.95

** 

-

0.93

** 

-

0.70

** 

0.90

** 

0.88

** 

0.96

** 

 

ST 
r

g 

0.52

** 

0.78

** 

0.56

** 

0.73

** 

0.72

** 

-

0.97

** 

-

0.94

** 

-

0.94

** 

-

0.99

** 

-

1.00

** 

-

0.97

** 

-

0.73

** 

0.83

** 

0.84

** 

0.91

** 

0.97

** 

 

r

p 

0.47

** 

0.81

** 

0.49

** 

0.68

** 

0.66

** 

-

0.88

** 

-

0.89

** 

-

0.9** 

-

0.91

** 

-

0.92

** 

-

0.9** 

-

0.64

** 

0.81

** 

0.8*

* 

0.89

** 

0.95

** 

*, ** significant at 0.05, 0.01 levels of probability, respectively. SYD-seed yield per plot, HSW-100 seed weight, 

PWT-pod weight per plant, NLP-number of locules per pod , NSP-number of seed per pod, D50P- days to fifty 

percent peduncle initiation, DFF-days to first flowering, D50F-days to fifty percent flowering, DPM-days to first 

pod maturity, D50M-days to fifty percent maturity, NPd-number of pod per peduncle, NPP-number of pod per 

plant, PL-pod length, PW-pod width, SL- seed length, SW-seed width, ST-seed thickness. 

3.4. Principal Component Analysis 

The Principal Component Analysis (PCA) based on agro-morphological traits revealed that the 

first three PCs accounted for 93% of the total observed variation among accessions studied (Table 6). 

The first PC contributed the highest (76%) followed by the second PC with 17%, while the third PC 

accounted for 5% of the total variations observed. The PC1 exhibited factor loadings with positive 

signs for days to 50% peduncle initiation, days to first flowering, days to 50% flowering, days to first 
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pod maturity, days to 50% maturity, number of pods per peduncle, number of pods per plant while 

all the factors except for pod length, pod width, seed length, seed width and seed thickness registered 

positive factor loadings towards PC2. For PC3, seed yield per plant, 100 seed weight, pod weight per 

plant, number of pods per peduncle, number of pods per plant, seed length, seed width and seed 

thickness contributed factor loadings in positive signs. 

Table 6. Principal components of the 30 winged bean accessions based on agro-morphological traits. 

Traits PC1 PC2 PC3  

Seed yield (g) -0.16 -0.56 0.06 

100 seed weight (g) -0.24 0.00 0.20 

Pod weight per plant (g) -0.17 -0.54 0.08 

Number of locules per pod -0.24 -0.18 -0.49 

Number of seed per pod -0.23 -0.22 -0.52 

Days to 50% peduncle 

initiation 

0.26 -0.04 -0.21 

Days to first flowering 0.25 -0.05 -0.21 

Days to 50% flowering 0.26 -0.02 -0.30 

Days to first pod maturity 0.27 -0.05 -0.09 

Days to 50% maturity 0.27 -0.05 -0.08 

Number of pods per peduncle 0.26 -0.17 0.06 

Number of pods per plant 0.17 -0.50 0.33 

Pod length (cm) -0.26 0.01 -0.29 

Pod width (mm) -0.25 0.10 -0.08 

Seed length (mm) -0.26 0.06 0.12 

Seed width (mm) -0.27 0.10 0.07 

Seed thickness(mm) 

 

Eigen values 

-0.26 

 

3.59 

0.07 

 

1.42 

0.18 

 

0.91 
 

Percent variance (%) 0.76 0.12 0.05 

Cumulative variance (%) 0.76      0.88 0.93 

3.5. Hierarchical clustering of winged bean accessions 

Clustering based on the agro-morphological traits showed that the 30 accessions of winged bean 

were grouped into three major clusters (Figure 1). The first cluster consists of a singleton, TPt-7 that 

is characterized by the longest duration to flowering and extended days to maturity. In addition, TPt-

7 is had the highest number of pods per peduncle and the number of pods per plant. Its pods and 

seeds were smaller than the other twenty-nine accessions, therefore, had the lowest seed yield. It is of 

an unknown origin. Group II consists of eight accessions (TPt-10, TPt-12, TPt-31, TPt-22, TPt-26, TPt-

2, TPt-18 and TPt-48). These accessions were characterized by early flowering and consequently, early 

maturity, a high number of pods per plant, high pod weight per plant and seed yield per plant. Cluster 

III consisted of twenty- one accessions with a mid-number of days to flowering and long pods. 
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Figure 1. Cluster of the 30 winged bean accessions derived from 17 agro-morphological data of traits 

studied. 

The clustering pattern from the mean of seed morphometric traits revealed three major clusters 

(Figure 2). The first cluster had a singleton (TPt-7), and it is the accession with the least seed length, 

seed width, seed perimeter and seed area thereby making it have the smallest seed size. Seven 

accessions (TPt-12, TPt-22, TPt-6, TPt-10, TPt-153, TPt-2 and TPt-32) were grouped in the second 

cluster. The accessions in this group had bigger seed sizes. The third cluster comprised of twenty-two 

accessions (TPt-5, TPt-11 and TPt-43, TPt-48, TPt-30, TPt-26, TPt-21, TPt-14, TPt-51, TPt- 4, TPt-18, TPt-

17, TPt-154, TPt-16, TPt-33, TPt-19, TPt-53, TPt-126, TPt-9, TPt-31, TPt-3 and TPt-15) with moderate seed 

size. 

 

Figure 2. Dendrogram based on the 11 seed morphometric traits generated from the Videometer MSI 

system. 

3.6. Correlation coefficient of seed morphometric traits 

The higher the correlation coefficient, the stronger the relationship between the seed 

morphometric traits. The correlation values ranged from -1 to 1. Correlation values towards the right 

indicates a positive association while towards the left direction indicates a negative association. A 

strong positive correlation was seen between seed length and seed area (0.99); seed width and seed 

area (0.98); seed perimeter and seed area (0.99). The positive correlation observed between seed 

circularity index and seed area (0.50) was moderate, however the relationship between seed 
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formfactor and seed area (0.38); compactness and area (0.39) was positive but weak. A negative but 

strong correlation was observed between seed hue and seed area (-0.65); seed hue and seed width (-

0.72); seed hue and seed length (-0.64); seed perimeter and seed hue (-0.66). Seed rectangularity and 

seed area (-0.54); seed eccentricity index and seed area (-0.42) were moderately correlated (Figure 3). 

 

Figure 3. Correlation coefficients among seed morphometric traits of the winged bean accessions. 

LNTH-seed length, WDTH-seed width, HUE- seed hue, PER- seed perimeter, FORFACT- seed form 

factor, CMPTNESS-seed compactness, ECC-seed eccentricity, RECTY-seed rectangularity, CI-seed 

circularity index, EI- seed eccentricity index. 

3.7. Descriptive statistics of seed morphometric traits from the multispectral imaging system 

The phenotypic values for seed morphometric traits indicated substantial phenotypic variation 

in the winged bean germplasm (Table 7). Averagely, TPt-10 had the highest seed length and seed 

width of 9.63 mm and 8.53 mm respectively. TPt-7 recorded the least seed length and seed width of 

6.18 mm and 5.18 mm respectively. Seed size based on seed length, seed width, seed area and seed 

perimeter were highest in TPt-10, TPt-12, TPt-22 and TPt-32 and least in TPt-7. In the contrary, the 

range of other seed shape characteristics among the accessions did not show a regular trend with 

other seed metric values, like seed eccentricity index, seed eccentricity and seed rectangularity were 

highest in TPt-7 but least in TPt-126. TPt-7 had the highest value in the seed shape characteristics; 

however, had the least value in seed compactness while TPt-126 had the lowest value. The seed 

circularity index also showed a regular trend with the seed area, seed length, seed width and seed 

perimeter as TPt-7 had the lowest value while TPt-154, TPt- 126, TPt-31, TPt-14 and TPt-4 had the 

highest value. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 March 2023                   doi:10.20944/preprints202303.0278.v1

https://doi.org/10.20944/preprints202303.0278.v1


 13 

 

Table 7. Descriptive statistics of eleven seed morphometric traits of winged bean. 

 

Parameters 

 

Mean 

 

Minimum 

 

Maximum 

 
Standard 
deviation 

 

CV 

 

Seed area (mm2) 56.4 25.14 62.75 6.31 0.11  

Seed circularity index 1.18 1.08 1.19 0.02 0.02  

Seed compactness 0.90 0.83 0.92 0.02 0.02  

Seed eccentricity 0.42 0.36 0.52 0.03 0.07  

Seed eccentricity index 1.11 1.08 1.19 0.02 0.02  

Seed form factor 0.91 0.88 0.92 0.01 0.01  

Seed hue 0.99 0.94 1.25 0.06 0.06  

Seed length (mm) 8.94 6.18 9.63 0.56 0.06  

Seed perimeter (mm) 24.4 17.11 25.97 1.48 0.06  

Seed rectangularity 0.80 0.79 0.83 0.01 0.01  

Seed width (mm) 8.07 5.18 8.53 0.57 0.07  

4. Discussion 

The significant variations observed among the accessions for seed yield per plant and all other 

agro-morphological traits revealed adequate variation existed among the accessions. This implied 

that the accessions expressed variation for each trait, which could enable effective selection among 

the accessions. Additionally, the observed variation among the accessions could be used in possible 

combination in crop improvement programme. Yulianah et al.; Wong et al. [10,13] reported similar 

results in their study on winged bean accessions characterized based on their phenotypic traits. The 

observed significant mean squares for the environment for all traits suggest the distinctiveness of the 

environments in discriminating among the accessions. It however, still suggests the need for more 

evaluation in different environments to ascertain the genotypic integrity of the accessions. The non-

significant differences observed for the interaction between the accessions and the environments 

implied that the performance of the winged bean accessions was consistent across the study 

environments. 

In this study, higher genotypic correlation coefficients were observed than phenotypic 

correlation. This denotes that trait expressions are largely influenced by genes. The significant and 

positive phenotypic and genotypic correlation observed between seed yield per plant and hundred 

seed weight, pod weight per plant, number of locules per pod and number of seed per pod implied 

that these traits could be substituted for seed yield during selection in crop improvement. In addition, 

the correlation recorded between these desirable traits implied that the improvement of one trait 

simultaneously improves the other trait [26,27]. These results agrees with the findings of previous 

authors on the association between seed yield per plant and hundred seed weight in winged bean 

[26] and AYB [27]. In addition, seed yield per plant and pod weight per plant in AYB [28]; seed yield 

per plant and number of seed per pod in common bean [29]; days to flowering and days to maturity 

in winged bean [26]. The positive phenotypic and genotypic significant correlations among the yield-related 

traits suggested that these traits could be considered for selection to improve seed yield in winged bean. The 

non-significant correlation observed between number of pods per plant and seed yield per plant, 

indicates that the seed yield is independent of the number of pods produced by the plant.  

All the 17 agro-morphological traits were found to be relevant in discriminating the winged bean 

accessions based on the contribution of each of the measured traits to the most informative principal 

components. This implied that the traits with high coefficients in the three components could be used 

for selection or characterization of other winged bean collections. 
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To assess the existing diversity among the winged bean accessions, the dendrogram generated from 

cluster analysis classified the 30 accessions into three distinct groups. The classification was based on 

their similarity for one or more agro-morphological traits studied irrespective of their geographical 

origin. TPt-7 was placed in cluster I and characterized by longest duration to flowering, longest days 

to maturity, highest number of pods per peduncle, and number of pods per plant. This accession also 

had the lowest seed yield. This implied that TPt-7 possesses unique characters that could be harnessed 

in crop improvement programme. Accessions in cluster II possess      earliness to flowering and 

maturity, high number of pods per plant, high pod and seed yield while accessions in cluster III have 

early to mid-number of days to flowering with high number of pods. This result suggests that 

accessions were grouped based on their distinct features and could be a reliable source for 

hybridization when improving for reduced days to flowering and high seed yield in winged bean. 

This further suggests that heterosis could be exploited through     selection and hybridization of distinct 

accessions belonging to different groups. 

A positive correlation was observed between seed length and seed area; seed width and seed 

area; seed perimeter and seed area which implies that an increase in one trait simultaneously 

improves the other. A negative association was recorded between seed hue and seed area; seed 

eccentricity and seed area, seed rectangularity and seed area, seed eccentricity index and seed area 

which denotes that if one trait increases, the other trait decreases. This result agrees with Daniel et 

al., and Adewale et al. [24,25] who reported similar findings for AYB and maize seeds respectively. 

Adewale et al. [25] recommended the use of six seed traits including seed length and seed width as 

unique parameters of AYB based on the wide variability between them and the use of the four seed 

shape indices which includes eccentricity index as complement for seed shape description in AYB. 

The dendrogram generated from the seed morphometry showed that the accessions clustered 

based on similarities   between one or more seed morphometric traits. This implied that the 

classification formed a basis for grouping of parental lines based on seed morphometric 

measurements. This constitutes background data for future evaluation of crosses involving these 

parents. The grouping pattern in the agro-morphological and seed morphometric clusters showed 

the solitary clustering of TPt-7, which is due to its distinct features. This implied that TPt-7 might 

belong to the species scandens as reported by Yang et al. [30]. They reported a successful hybridization 

between Psophocarpus tetragonolobus and Psophocarpus scandens. Accessions (TPt-10, TPt-12, TPt-22, 

TPt-2); (TPt-33, TPt-126, TPt-21, TPt-17, TPt-9, TPt-11, TPt- 154, TPt-19, TPt-4, TPt-30, TPt-51, TPt-53, 

TPt-14, TPt-15, TPt-3, TPt-43, TPt-16 and TPt-5) were grouped in the same clusters in the two 

dendrograms generated from this study. This implied that the accessions were closely related, and 

the differences observed could be because of environmental influence.  

5. Conclusions 

This study suggests the availability of ample genetic variation in the winged bean germplasm 

collection at GRC- IITA, Ibadan, Nigeria. The agro-morphological analysis clearly reflected the 

existence of genetic variation. The positive and significant associations recorded among agro-

morphological traits indicated the possibility of simultaneous traits improvement. Accessions 

characterized by high seed yield per plant, high pod weight per plant, early flowering and maturity 

days are potential sources of gene diversity for developing desirable varieties. TPt-31 was identified 

as the accession with the highest seed yield, early flowering time and maturity period. In contrast, TPt-

7 had the highest number of pods per peduncle and pods per plant. Its pods and seed sizes were 

small so had the lowest seed yield per plant and lowest pod weight per plant with a long flowering 

duration and an extended maturity period. The MSI system is a fast and reliable method for the 

characterization of winged bean accessions. The genetic diversity revealed in this study within the 

winged bean germplasm will serve as invaluable resources to facilitate winged bean breeding in the 

nearest future.  
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