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ABSTRACT 

	Background: Winged bean (Psophocarpus tetragonolobus) is an underutilised legume with high protein content, edible parts, and nitrogen-fixing ability, but its potential is hindered by limited research, anti-nutritional factors, and lack of breeding advancements. Assessing genetic diversity and seedling performance can help identify elite genotypes for crop improvement. 
Aims: The aim of this study was to investigate the diversity within twenty-five (25) accessions of winged bean obtained from IITA, Ibadan, Nigeria and to identify genotypes with better performance for the enhancement of the winged bean germplasm.
Study design:  This experiment was laid out in a Randomised Complete Block Design (RCBD) with five replications.
Place and Duration of Study: Seeds of twenty-five accessions of Psophocarpus tetragonolobus plant were obtained from International Institute of Tropical Agriculture (IITA), Ibadan, Oyo State, Nigeria in August 2023. The sowing and analysis of quantitative parameters such as seed length, seed width and seed weight were carried out at the Department of Botany, Faculty of Science, Obafemi Awolowo University, Ile-Ife (N 07 ᵒ31.15’; E 04 ᵒ31.58’) between August 2023 and December 2023. The seed performance evaluation was investigated at the Seed Science Laboratory of the Department of Crop Production and Protection, Faculty of Agriculture, Obafemi Awolowo University, Ife (N 07ᵒ31. 19’; E 04ᵒ31.33’) between January 2024 and March 2024
Methodology: Seed morphometric parameters and seedling performance were documented and analysed for twenty-five accessions of winged bean obtained from IITA, Ibadan. The quantitative traits were measured instrumentally, while the germination and seedling parameters were determined over 14 days following ISTA guidelines. Data were analysed using ANOVA, with mean separation by LSD at P ≤ 0.05.
Results: The analysis of variance revealed that there were significant differences in the seed and seedling performances of the selected winged bean accessions studied with respect to seed length, seed breadth, seed weight, germination percentage, germination index, germination rate index, shoot length, number of leaves, fresh shoot weight, dry shoot weight and vigour index. Genotypes such as TPt-12, TPt-15 and TPt-43 with the highest seed length; TPt-10 with the highest seed breadth; TPt-53 with the highest seed weight and germination percentage; TPt-42 with the highest germination index; TPt-15 with the highest germination rate index; TPt-48 with the highest number of leaves; TPt-2 with the highest dry shoot weight and TPt-10 with the highest vigour were identified for breeders to explore in further enhancement of the plant studied.
Conclusion: The 25 winged bean accessions studied demonstrated remarkable genetic diversity for seed morphometric traits (seed length, breadth, and weight) and seed performance traits (germination percentage, germination index, germination rate index, vigour index, shoot length, number of leaves, and shoot weight). Genotypes such as TPt-2, TPt-10, TPt-12, TPt-15, TPt-42, TPt-43, TPt-48, and TPt-53 identified in this study as having superior performance could serve as promising materials for direct varietal development and as parental materials for breeding vigorous winged bean cultivars.
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1. INTRODUCTION

Neglected crops have received greater consideration in global research in recent times following the pressure to promote sustainable production of agriculture (Massawe et al., 2016). The cultivation of underutilised protein-rich legumes is one of the breakthrough options to tackle the challenge of rapid population growth, especially in developing countries where high-protein foods like meat and grains are expensive and in short supply (Cheng et al., 2019). Psophocarpus tetragonolobus, also known as winged bean, and belonging to the Fabaceae family, is another such underutilised multipurpose leguminous vegetable of immense food material potential (Mahto and Dua, 2009). It is also called the Goa bean, four-angled bean, choughula sem, chara konisem, God-sent vegetable and princess pea, has assumed considerable importance at present as a protein-rich multipurpose crop (Ray et al., 2012). Winged bean evolved in South-East Asia, perhaps Papua New Guinea (Khan, 1976) and is an important underutilised leguminous vegetable in Sri Lanka, Bangladesh, Burma, Vietnam, Thailand, Malaysia, Indonesia, Ghana and Nigeria. It is commonly grown in southern and north-eastern regions, i.e. Tripura, Manipur, Mizoram and adjoining areas of India and is consumed by local peoples (Kant & Nandan, 2018). The entire plant, including leaves, pods, tuber, and even flowers, is edible, and the stem and leaves were reported to be useful as fodder (Singh et al., 2019). The tubers contain 20% protein in dry weight, an amount that is superior to other tubers such as Yam (2%), Cassava (1%), and Sweet potato (2%). The percentage of crude protein of the seeds (29.8-37.5%) is comparable to that of other legumes. Furthermore, winged bean can be grown in poor, sandy or clay soils without the addition of fertiliser because bacteria that grow on its roots are capable of capturing large amounts of atmospheric nitrogen and converting it to a usable form for the plant (Akeem et al., 2019). 
Despite the nutritional potentials of the 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 for a stake to support the vigorously growing vines, as well as the presence of anti-nutritive factors, including chymotrypsin inhibitors, hemagglutinins, and trypsin inhibitors (Bhadmus et al., 2023; Lepcha et al., 2017). These unwanted anti-nutritional substances have undesirable consequences on the popularity and acceptability of the crop among farmers (Adebayo & Shonde, 2024).  In addition, there is limited information about the genetic diversity among the available winged bean germplasm (Laosatit et al., 2022). 
Reports in recent times have indicated that the attempts to improve the winged bean germplasm have not been sufficiently supported by advancements in breeding and genetic advancements, which appears to have dampened its otherwise promising future. 
This study was therefore conducted to assess the morphometric diversity of seeds and the performance of seedlings from selected accessions of winged bean (Psophocarpus tetragonolobus) in order to identify elite genotypes that have enhanced germination and vigour, with better growth traits for crop improvement and germplasm enhancement of winged bean.

2. methodology 

Seeds of twenty-five accessions of Psophocarpus tetragonolobus plant were obtained from International Institute of Tropical Agriculture (IITA), Ibadan, Oyo State, Nigeria (Table 1), in August 2023.

2.1 Morphometric Studies of the Seeds  
The morphometric data analysed for the twenty-five accessions of Psophocarpus tetragonolobus studied involved quantitative parameters such as seed length, seed width and seed weight. This was carried out at the Department of Botany, Faculty of Science, Obafemi Awolowo University, Ile-Ife (N 07 ᵒ31.15’; E 04 ᵒ31.58’). 
Measurement of the seed length and seed width of the twenty-five accessions of the Psophocarpus tetragonolobus was done with the use of a Digital Vernier caliper by measuring ten random seeds per accession in three replicates in centimeter (cm), while measurement of the seed weight was done with the aid of a weighing balance by measuring 100 seeds per accession in three replicates in gramme (g) and the average was recorded. The qualitative data were examined by observing ten seeds of each accession using the convectional visual examination process which is by visually examining the seeds for the parameters studied with the naked eye.



Table 1. Description of the Psophocarpus tetragonolobus seeds
	Accessions
	Collector/ Source
	Seed Description

	Tpt-2
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Blackish brown, dark brown

	Tpt-3
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Light brown

	Tpt-5
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-6
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Light brown

	Tpt-9
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-10
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-11
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Light brown

	Tpt-12
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Blackish brown

	Tpt-15
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-16
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-17
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Light brown

	Tpt-18
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Blackish brown, dark brown, light brown

	Tpt-19
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-21
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Light brown

	Tpt-26
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-30
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Light brown

	Tpt-31
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Blackish brown

	Tpt-42
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Blackish brown

	Tpt-43
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Light brown

	Tpt-48
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Blackish brown

	Tpt-53
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Light brown

	Tpt-125
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-126
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown, light brown

	Tpt-153
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Dark brown

	Tpt-154
	International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria
	Blackish brown, dark brown, light brown



2.2 Seed Performance Evaluation
The seed performance was investigated at the Seed Science Laboratory of the Department of Crop Production and Protection, Faculty of Agriculture, Obafemi Awolowo University, Ife (N 07ᵒ31. 19’; E 04ᵒ31.33’). The study of the seed performance during germination involved the evaluation of the germination percentage (G%), germination Index (GI), and germination rate index (GRI), 14 days after sowing (14 DAS). The seedling stage involved detaching the shoot and the root at the collar region. 
The measurement of the fresh root length (FRL), dry root length (DRL), fresh shoot length (FSL), dry shoot length (DSL), fresh root weight (FRW), dry root weight (DRW), fresh shoot weight (FSW), dry shoot weight (DSW), germination rate (GR), and Vigor index (Vi) of the seedling (ISTA, 2018). Twenty-five (25) seeds per accession were sown in three replicates in a 3-litre germination bowl (22 cm in diameter) filled with 30 g of autoclaved river sand maintained under conditions of 12 hr light/dark cycle, at room temperature. The seeds were watered daily to maintain adequate moisture in the germination medium throughout the 14-day period. A seed was considered germinated at the first sight of the radicle. 
Germination percentage was determined by counting the number of germinated seeds from the sowing day to the 14th day after sowing (ISTA, 2018). Germination index and germination rate index were also computed from the data according to the formula:
Percentage germination (G%) =   
 
Germination Index and Germination Rate Index were calculated according to the methods of Maguire (1962) and Awosanmi et al. (2020) by using the formula:
Germination Index (GI)
GI = 	

Germination Rate Index (GRI) 	
GRI =  			
Where the germination percentage is in decimal (i.e.  on a scale of 0-1) 

Growth Rate (GR) was calculated according to the method of Aghajantabar et al. (2014) using the formula:
GR=  		
 
On the 14th day after sowing, five seedlings were selected at random per replication and were carefully removed from the soil and thoroughly rinsed in clean water to avoid mechanical damage to the seedlings. The fresh shoot length, fresh root length, fresh shoot weight and fresh root weight were measured. Dry shoot and dry root weight were also recorded after oven drying at 600C for 48 hr.

Vigour index was calculated according to the method of Azimi et al., (2014) 
Vi =  	
	
2.3 Statistical Analysis
Descriptive statistics involving the mean values and standard error, as well as inferential statistics involving the General Linear Model analysis of variance, were performed on the data using Statistical Analytical System (SAS) version 9.1. Means with significant differences were subjected to post ANOVA analysis involving Least Significant Difference (LSD), where differences that were less than the LSD value were not significant, while differences that were more than the LSD value were significant. 

3. results

The ANOVA results (Table 2) indicated significant differences among the seed parameters of the P. tetragonolobus accessions with respect to average seed length (AVSL) and average seed diameter AVSD at p<0.01, and significant differences for average seed width (p<0.05. The coefficient of variation was low for all traits, ranging from 2.76% in AVSL to 4.24% in AVSW (Table 3). The R2 values were high, ranging from 0.66 in AVSB to 0.82 in AVSW (Table 2). Average seed length (AVSL) ranged from 0.75 cm in TPt-5 to 0.88 cm in TPt-12, TPt-15 and TPt-43, while average seed breadth (AVSB) varied between 0.75 cm in TPt-5 to 0.86 cm in TPt-15 (Table 2). Average seed weight (AVSW) showed considerable variation, ranging from 1.25 g in TPt-5 and TPt-9 to 1.62 g in TPt-53 (Table 3). 
3.1 Performance Evaluation of the Winged Bean Seeds
The results of the seed performance of the winged bean accessions are expressed in Tables 4 and 5 below. The results of the germination percentage (G%) studied revealed that TPt-53, followed by TPT-48, had the highest germination percentage (84.00% and 82.67%, respectively), while TPt-22 showed the lowest germination percentage (18.67%) (Table 5).
The result of the germination index shown in Table 5 showed that the germination Index (GI) was highly significant (at p≤ 0.01) with TPt-3 having the lowest GI value of 4.69, followed by TPt-12 with a value of 5.32. TPt-42 showed the highest GI value of 10.78 (Table 5). The Germination Rate Index (GRI) shown in Table 5 depicts that GRI ranges from 63.37 to 6.61. TPt-53 showed the lowest GRI mean value of 6.61, while TPt-3 followed with a value of 7.76, and Tpt-22 showed the highest GRI with a value of 63.37.
The result of the vigour index for the winged bean evaluated showed that there were variations in the mean values of the twenty-five selected accessions. TPt-53 showed the highest vigour index value of 42.11, followed by TPt-48 with a value of 37.72, followed by TPt-153 with a value of 35.47. TPt-22 showed the least vigour index value of 5.58, whose value is followed by TPt-11 with a value of 8.16. 
The result of the germination rate of the winged bean seeds studied revealed a range of mean values from 1.50 to 0.33. TPt-15 had the highest GR value of 1.50, followed by TPt-53 and TPt-48 with the same GR value of 1.48, while TPt-153 had the lowest GR value of 0.33. The average shoot length (SLT) showed significant differences at 5% probability level (i.e. P ≤ 0.05) with a mean ranging from 39.54 cm to 18.41 cm. TPt-3 showed the highest SLT with a value of 39.53 cm, followed by TPt-2 with a mean value of 36.69 cm, while TPt-154 showed the lowest SLT value of 18.41 cm.

The mean square values for average root length (RLT) (Table 6) revealed that it was not significant. The average root length for the twenty-five accessions showed significant variation, with values ranging from 17.33 cm to 7.18 cm. TPt-53 showed the highest value of RLT, which is 17.33 cm, followed by TPt-18 with a value of 15.09 cm, while the lowest RLT was observed in TPt-43 with a mean value of 7.18 cm.
The average number of leaves (NoL) for the twenty-five (25) accessions evaluated was significantly different (at P ≤ 0.05) as shown in Table 6. The NoL varied from 5.80 to 3.00 leaves. The highest NoL was observed in TPt-48 with NoL of 5.80, followed by TPt-3 with a value of 4.94 leaves, while the least NoL value was observed in TPt-42 with NoL of 3.00 leaves (Table 7). Mean square values presented in Table 6 also showed significant differences in average fresh shoot weight (FSW) and average dry shoot weight (DSW), both at 5% probability level (P ≤ 0.05), while average fresh root weight (FRW) and average dry root weight (DSW) showed no significant difference. FSW values ranged from 1.30 g to 0.62 g. TPt-19 was observed to have the highest FSW (1.30 g), followed by TPt-2 (1.28 g), while TPT-42 showed the least value (0.62g) (Table 7). DSW was also obtained from drying the fresh shoot in an oven at 600C for 48 hr. the DSW value also varied significantly in the range from 0.15 jointly in TPt-2, TPt-9 and TPt-12, while the least value of DSW was found in TPt-42 (Table 7).

Table 2. Mean square values from the ANOVA for seed length, seed breadth, and seed weight of winged bean seeds
	SV
	DF
	AVSL (cm)
	AVSB (cm)
	AVSW(g)

	REP
	2
	0.0099
	0.0053
	6.2409

	ACC
	24
	0.0035**
	0.0024*
	331.0429**

	ERROR
	48
	0.0005
	0.0008
	36.9089

	CV
	
	2.76
	3.45
	4.24

	R2
	
	0.80
	0.66
	0.82


Notes: **: Very significant at level α 1%, *: Significant at level α 5%
Acronyms: SV-source of variation; DF- degree of freedom; REP - number of replicates; CV - coefficient of variation; R2 -coefficient of determination; ACC - accession; AVSL - seed length; AVSB - seed breadth; AVSW - seed weight

       Table 3. Mean values of the seed length, seed breadth and seed weight of winged bean seeds
	ACC
	AVSL (cm)
	AVSB (cm)
	AVSW(g)

	TPt-02
	0.83
	0.77
	1.49

	TPt-03
	0.84
	0.82
	1.34

	TPt-05
	0.75
	0.75
	1.25

	TPt-06
	0.86
	0.84
	1.56

	TPt-09
	0.78
	0.76
	1.25

	TPt-10
	0.85
	0.81
	1.51

	TPt-11
	0.85
	0.83
	1.44

	TPt-12
	0.88
	0.81
	1.57

	TPt-15
	0.88
	0.86
	1.47

	TPt-16
	0.83
	0.76
	1.38

	TPt-18
	0.79
	0.76
	1.36

	TPt-19
	0.86
	0.81
	1.43

	TPt-21
	0.79
	0.78
	1.31

	TPt-22
	0.85
	0.84
	1.53

	TPt-26
	0.82
	0.81
	1.42

	TPt-30
	0.87
	0.83
	1.47

	TPt-31
	0.79
	0.79
	1.31

	TPt-42
	0.80
	0.76
	1.44

	TPt-43
	0.88
	0.81
	1.56

	TPt-48
	0.85
	0.80
	1.59

	TPt-53
	0.82
	0.81
	1.62

	TPt-125
	0.84
	0.83
	1.34

	TPt-126
	0.84
	0.81
	1.48

	TPt-153
	0.85
	0.81
	1.30

	TPt-154
	0.79
	0.79
	1.45

	LSD (0.05)
	0.04
	0.81
	9.97


Note: Any two values with differences less than the LSD value across the columns are not       significantly different  
Acronyms: ACC- accession; AVSL- seed length; AVSB - seed breadth; AVSW -seed weight, and LSD-Least Significant Difference	



Table 4: Mean square values for seed performance parameters of winged bean seeds subjected to germination test
	SV
	DF
	G%
	GI
	GRI
	GR

	REP
	2
	128.853
	1.252
	271.687
	0.041

	ACC
	24
	862.222*
	55.207**
	574.042
	0.275**

	ERROR
	48
	139.742
	1.380
	339.415
	0.045

	CV
	
	22.85
	16.94
	100.63
	22.85

	R2
	
	0.76
	0.65
	0.46
	0.76


	Notes: **: Very significant at level α 1%, *: Significant at level α 5%
Acronyms: SV represents source of variation, DF represents degree of freedom, REP presents number of replicates; CV means coefficient of variation; R2 represents coefficient of determination; ACC represents accession; G% represents germination percentages, GI represents growth index; GRI represents growth rate index and GR represents germination rate

Table 5: Mean values of seed performance parameters of winged bean seeds during germination test
	ACC
	G%
	GI
	GRI
	GR

	TPt-2
	41.33
	6.45
	15.85
	1.09

	TPt-3
	61.33
	4.69
	7.76
	1.09

	TPt-5
	68.00
	5.59
	8.26
	1.24

	TPt-6
	37.33
	7.29
	19.47
	0.95

	TPt-9
	69.34
	6.40
	9.43
	0.40

	TPt-10
	53.34
	6.89
	13.15
	0.90

	TPt-11
	22.67
	7.24
	54.68
	1.12

	TPt-12
	62.67
	5.32
	8.56
	0.90

	TPt-125
	37.34
	6.63
	18.19
	0.74

	TPt-126
	44.00
	7.46
	20.05
	0.76

	TPt-15
	50.67
	7.25
	14.41
	1.50

	TPt-153
	73.34
	6.61
	9.04
	0.33

	TPt-154
	41.34
	9.34
	35.54
	0.74

	TPt-16
	42.67
	8.02
	18.85
	0.76

	TPt-18
	62.67
	5.66
	9.63
	0.79

	TPt-19
	41.34
	6.62
	17.20
	1.31

	TPt-21
	32.00
	6.13
	22.07
	0.57

	TPt-22
	18.67
	8.45
	63.37
	0.33

	TPt-26
	50.67
	5.71
	11.93
	1.12

	TPt-30
	52.00
	7.50
	15.81
	0.74

	TPt-31
	66.67
	7.51
	11.53
	1.19

	TPt-42
	54.67
	10.78
	19.91
	0.98

	TPt-43
	42.67
	7.36
	17.92
	0.76

	TPt-48
	82.67
	7.10
	8.57
	1.48

	TPt-53
	84.00
	5.46
	6.61
	1.48

	LSD (0.05)
	19.41
	1.93
	30.25
	0.35


Note: Any two values with differences less than the LSD across the column are not significantly different
Acronyms: ACC - accession; G% - germination percentages, GI - germination index; GRI - 	germination rate index














Table 6. Mean square values for the seedling performance of the winged bean accessions at 14 DAS
	SV
	DF
	SLT
	RLT
	NOL
	FSW
	DSW
	FRW
	DRW
	Vi

	REP
	2
	7.095
	611.863
	0.317
	0.103
	0.0007
	0.0985
	0.0043
	0.0039

	ACC
	24
	95.788*
	623.228
	1.063*
	0.111*
	0.0018*
	0.0944
	0.0016
	254.611**

	ERROR
	48
	40.106
	647.735
	0.301
	0.0433
	0.0005
	0.0679
	0.0016
	35.675

	CV
	
	20.86
	168.47
	12.99
	20.99
	19.07
	23.08
	24.83
	26.23

	R2
	
	0.55
	0.34
	0.64
	0.58
	0.66
	0.43
	0.38
	0.77


Notes: **: Significant at level α 1%; *: Significant at level α 5%
Acronyms: DAS - Days after sowing; ACC - accession; SLT - shoot length; RLT - root length; NoL - number of leaves; FSW - fresh shoot weight; DSW - dry shoot weight; RW - fresh root weight; DRW - dry root weight


Table 7: Seed performance of the winged bean accessions at the seedling stage (14 DAS)
	ACC
	SLT
	RLT
	NoL
	FSW
	DSW
	FRW
	DRW
	Vi

	TPt -02
	36.69
	14.88
	4.2
	1.28
	0.15
	1.42
	0.18
	21.31

	TPt-03
	39.53
	12.81
	4.93
	0.91
	0.13
	0.88
	0.19
	32.10

	TPt-05
	36.23
	13.75
	4.47
	1.04
	0.12
	1.1
	0.14
	33.99

	TPt-06
	28.07
	13.37
	4
	1
	0.12
	1.35
	0.18
	15.47

	TPt-09
	31.37
	11.74
	4.47
	1.01
	0.14
	1.12
	0.17
	29.89

	TPt-10
	31.03
	13.23
	4
	0.99
	0.12
	1.04
	0.13
	23.61

	TPt-11
	24.13
	11.88
	3.57
	0.84
	0.1
	0.98
	0.15
	8.16

	TPt-12
	33.71
	13.41
	4.4
	1.2
	0.14
	1.32
	0.15
	29.53

	TPt-15
	35.76
	12.89
	4.2
	1.12
	0.14
	1.04
	0.13
	24.65

	TPt-16
	23.97
	10.18
	3.2
	0.72
	0.09
	1.04
	0.15
	14.57

	TPt-18
	35.43
	15.09
	4.8
	1.16
	0.13
	1.24
	0.17
	31.66

	TPt-19
	31.98
	12.55
	3.8
	1.3
	0.14
	1.32
	0.18
	18.41

	TPt-21
	33.26
	12.53
	3.87
	1.24
	0.13
	1.58
	0.18
	14.65

	TPt-22
	20.82
	9.07
	4.07
	0.68
	0.06
	1.04
	0.14
	5.58

	TPt-26
	33.9
	14.04
	4.67
	1.04
	0.13
	1.06
	0.13
	24.29

	TPt-30
	25.42
	8.34
	4.8
	0.88
	0.1
	1.08
	0.2
	17.56

	TPt-31
	25.03
	10.03
	4.87
	0.81
	0.09
	1.2
	0.17
	23.37

	TPt-42
	20.49
	8.97
	3
	0.62
	0.05
	0.98
	0.16
	16.11

	TPt-43
	29.48
	7.18
	4.4
	0.98
	0.1
	1.13
	0.2
	15.64

	TPt-48
	35.27
	10.36
	5.8
	1.09
	0.12
	1.15
	0.15
	37.72

	TPt-53
	32.8
	17.33
	4.2
	1.17
	0.14
	1.18
	0.15
	42.11

	TPt-125
	32.31
	12.38
	4.27
	1.1
	0.13
	1
	0.12
	16.69

	TPt-126
	29.89
	13.76
	3.67
	0.98
	0.12
	1.2
	0.16
	19.21

	TPt-153
	33.91
	14.46
	4.4
	1.01
	0.13
	1.07
	0.17
	35.47

	TPt-154
	18.41
	8.42
	3.67
	0.65
	0.09
	0.73
	0.13
	11.09

	LSD0.05
	10.40
	41.78
	0.90
	0.34
	0.04
	0.43
	0.06
	0.35


Note: Any two values with differences less than the LSD across  the column are not significantly 	different
ACC - accession; SLT - shoot length; RLT - root length; NoL - number of leaves; FSW - fresh 	shoot weight; DSW - dry shoot weight; FRW - fresh root weight; DRW - dry root weight; Vi – 	vigor index


The FRW value also ranged from 1.58g to 0.74 g. TPt-21 showed the highest FRW with a value of 1.58g while TPt-2 followed with a value of 1.42g and TPt-154 showed the lowest FRW value with a value of 0.74g. The average dry root weight (DSW) from the data obtained revealed that the root dry matter after oven drying the fresh root matter in an oven at 600C for 48 hrs showed considerable variation in the root dry weight, with values ranging from 0.20g to 0.13g. Both TPt-30 and TPt-43 jointly shared the highest ranking DSW with a value of 1.20g followed by TPt-3, whose value is 1.19g, while the least DSW was observed in TPt-10 with a DSW value of 0.13g (Table 7).



4. DISCUSSION

The morphometric studies of the seeds, which revealed that there were significant differences in the seed length, seed breadth, and seed weight, are reflections of the genetic diversity within the winged bean accessions studied. Lawal et al. (2019), Indah et al. (2022), and Bhadmus et al. (2023) also noted significant differences in the morphometric analysis of winged bean seeds with respect to characters such as seed length, seed breadth and seed weight studied.
The study also revealed significant differences in the seed performance parameters for the 25 winged bean accessions. The majority of accessions fell within the 40-70% range, indicating moderate to high viability. Shon et al. (2014) reported that germination percentage indicates seed viability, which means the seeds whose germination percentage is high are usually healthy seeds. Karima et al., (2019) also noted high germination percentage (80%) in M. peregrine and M. oleifera  (65 %) thirty days after sowing under laboratory conditions. High seed germination percentage like those observed in TPt-53 (84.00 %) and TPT-48 (82.67 %) indicate high viability of the seeds which may be due to their overall effective seed storage condition and overall seed health; while those with low germination percentages as observed in TPt-22 (18.67 %) may indicate issues such as environmental stressors or genetic factors (Bhatt, 2023). 
The germination rate index, which serves as an indicator of the potential of seeds to establish and thrive under various conditions (Aflaki et al., 2017) revealed that TPt-53, which had the lowest GRI, will perform better under influences of environmental stresses. The low GRI that was observed in TPt-53 (6.61) indicates that the accession will germinate more quickly (Abraham, 2006), which is a desirable trait for seed improvement. 
The germination index (GI) of the winged bean accessions studied demonstrated considerable variation, ranging from 4.69 to 10.78. TPt-3 exhibited the lowest GI at 4.69, followed by TPt-48 at 5.32, indicating superior growth potential. In contrast, TPt-42 showed the highest GI at 10.78. Germination index, which is an indication of the speed and uniformity of seed germination (Khalaki et al., 2019), indicated that TPt-3 had the highest rapid uniform growth rate. 
The result of the vigour index (Vi) indicated that TPt-53 had the highest Vi, while TPt-22 had the lowest Vi. According to Khalaki (2019), a high vigour index indicates good germination and robust seedling development, and these are important for early crop establishment. Genotypes such as TPt-12, TPt-15 and TPt-43 with the highest seed length; TPt-10 with the highest seed breadth; TPt-53 with the highest seed weight and germination percentage; TPt-42 with the highest germination index; TPt-15 with the highest germination rate index; TPt-48 with the highest number of leaves; TPt-2 with the highest dry shoot weight and TPt-10 with the highest vigour could be selected by breeders for further enhancement of the crop.
5. Conclusion

The 25 winged bean accessions demonstrated remarkable genetic diversity for seed morphometric traits (seed length, breadth, and weight) and seed performance traits (germination percentage, germination index, germination rate index, vigour index, shoot length, number of leaves, and shoot weight). TPt-2, TPt-10, TPt-12, TPt-15, TPt-42, TPt-43, TPt-48, and TPt-53 are remarkable due to their superior performance in germination, vigour, and growth, and hence are promising materials for direct varietal development and as parental materials for breeding vigorous winged bean cultivars.
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