Assessment of Genetic Variability and Association Analysis for Yield Traits in Mungbean Accessions in South Eastern Rajasthan



ABSTRACT
This study was focused on assessing the genetic variability and association analysis for yield traits among the accessions of mungbean. Ninety-four accessions of mungbean including four checks were evaluated in an Augmented Randomized Complete Block Design during Summer 2024 at ARS, Kota, Rajasthan. Significant differences were observed among the accessions (Genotypes + Checks) for the studied traits. A wide range of variation was noted for most of the traits. Phenotypic coefficient of variance value for most of traits were closely matched to the corresponding genotypic coefficient of variance, indicating less environmental influence on their expression. High heritability coupled with genetic advance as percentage of mean was observed for traits viz., number of clusters per plant, seed yield per plant, plant height, number of pods per plant, biological yield per plant and 100 seed weight suggesting these traits would respond to better selection. Seed yield per plant showed a significant positive association with harvest index (0.764;0.765), number of clusters per plant (0.577;0.550), biological yield per plant (0.554;0.525), number of pods per plant (0.524;0.497), number of seeds per pod (0.294;0.298) and pod length (0.256;0.224) at genotypic and phenotypic levels. These traits are suggested as key selection criteria for improving yield in mungbean.
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1. Introduction
Mungbean (Vigna radiata L. Wilczek) is a self-pollination, short-duration and dicotyledonous legume crop. It is an excellent source of easily digestible high proteins content with low production of flatulence (Shil & Bandopadhya,2007). The protein content is comparatively rich in lysine which is predominantly deficient in cereal (Baskaran et al., 2009). The major portion of seeds is consumed in making dal, soup, sweets and snacks. The sprouted seeds contain an increased amount of thiamine, niacin and ascorbic acid. The seeds of mungbean contains approximate carbohydrates (60-65%), protein (25-28%), oil (1.02-1.05%), fiber (3.5-4.5%) and ash (4.5-5.5%) on dry weight. It also contains essential vitamins and minerals, including vitamin-A (94 mg/100 g), vitamin-C (8 mg/100 g), iron (7.3 mg/100 g), calcium (124 mg/100 g), magnesium (189 mg/100 g), phosphorus (367 mg/100 g), potassium (1246 mg/100 g), zinc (3 mg/100 g) and foliate (549 mg/100 g) (Udayasri et al., 2022).
Mungbean is widely cultivated throughout South Asia including India, Pakistan, Bangladesh, Thailand, Cambodia, Vietnam, Indonesia, Malaysia and South China. It is one of the important pulses crops widely cultivated in arid and semi-arid regions of India. In India, it is a third most important pulse crop after chickpea and pigeon pea. Over 70% of the world's mungbean production comes from India. In spite of that, the production and productivity of Indian varieties are far less the world average. In India, it was grown an area of 5.19 million hectare with a total production of 3.10 million tones and productivity of 344 kg/ha. Rajasthan is the leading state followed by Karnataka, Madhya Pradesh, Odisha, Telangana, and Maharashtra (Anonymous, 2024). The crop can be grown in spring as well as in summer under irrigated northern plains and as rabi crop in southern and south-eastern parts where the winter is quite mild, but it is mainly grown during the kharif season. However, the productivity of mung bean is below compared to its genetic potential (Anonymous, 2024). 
Genetic improvement of seed yield, a complex polygenic trait, requires a thorough understanding of the magnitude and nature of genetic variability within a crop, which plays a critical role in determining traits and transmitting them to future generations (Singh & Upadhyay, 2013). Understanding the genetic parameters is essential for selecting genotypes that combine yield with stable performance. The combination of high genetic advance with heritability provides ideal conditions for effective selection (Singh et al., 2025). For improving quantitative and qualitative traits, it is crucial to study the interrelationship between various traits, as selecting for one trait can impact others. Association analysis helps in understanding the cause-and-effect relationships between yield and its components (Singh & Singh, 2022). It quantifies the interrelationships among yield components and identifies whether their influence on yield is direct or operates through other pathways (Singh & Rajpoot, 2021). Therefore, this study aims to identifying suitable selection criteria for yield improvement.
2. Materials and Methods
The field experiment was conducted at ICAR-All India Coordinate Research Project on MULLaRP, Agriculture Research Station, Ummedganj, Kota during Summer 2024. Geographically, Kota district situated in Zone V of Rajasthan (Humid South-Eastern Plain). The experiment was laid out in an Augmented Randomized Complete Block Design. The experimental material of the study comprised of 94 accessions including 4 checks (Shikha, Virat, MH 1142 and Pusa 9531) of mungbean (Table 1). The material was sown in 5 blocks. Each block had 4 meter long 2 rowed of 22 plots placed 30 cm apart. Thus 18 accessions and 4 checks were sown in each block. All the recommended agronomic cultural practices and plant protection measures were followed during crop growing period. The observations were recorded on five randomly selected plants from each accession in each block eliminating border and unhealthy plant for twelve traits viz., plant height (cm), number of clusters per plant, number of pods per plant, pod length(cm), number of seeds per pod, 100 seed weight (g), biological yield per plant (g), harvest index (%), protein content (%) and seed yield per plant (g), except days to 50% flowering and days to maturity which recorded on whole plot basis. Protein content (%) was estimated as per the procedure given by Lowry et al., 1951.
The recorded block wise mean data of each accession for each trait were subjected to analysis of variance (ANOVA) according to Federer (1956). The genotypic and phenotypic coefficient of variance were calculated as per Johnson et al., (1955a) and classified according to Sivasubramaniam & Madhava,1973. Heritability in a broad sense was calculated as per the formula suggested by Burton & Devane, 1953 and categorized as per Johnson et al., (1955a). The genetic advance as percent mean for each trait was calculated and categorized according to Johnson et al. (1955a) and the genotypic and phenotypic association were analyzed using the formula given by Johnson et al. (1955b) from the adjusted and unadjusted means, respectively. 
3. Results and Discussion
Analysis of variance and per se performance of mungbean accessions
The analysis of variance revealed the existence of significant differences between the accessions studied traits viz., days to 50 per cent flowering, days to maturity, plant height, number of clusters per plant, number of pods per plant, pod length, number of seeds per pod, 100-seed weight, biological yield per plant, harvest index, protein content and seed yield per plant indicating wide variation among the accessions (Table 2). Partitioning of the accessions sum of squares into checks, genotypes and the checks v/s genotypes indicated significant variation among checks and genotypes for the studied traits except number of clusters per plant, number of pods per plant, pod length, number of seeds per pod, 100-seed weight, biological yield per plant, harvest index, protein content and seed yield per plant in checks, for number of seeds per pods in genotypes. Similarly for the check’s v/s genotype, MSS was significant for most of the traits indicating that genotypes as a group differed from checks except for number of clusters per plant, number of pods per plant and biological yield per plant. Hence, there is a scope for the selection of potential accessions for the skeleton of breeding program. The similar findings were previously reported in mungbean by Joseph et al., (2020) and Jain et al., (2024).
Mean values of individual accession for different traits are given in Table 3 along with C.D. values to compare (i) between checks (ii) between genotypes within a block (iii) between genotypes between block and (iv) between checks and genotypes. The accessions Virat, Pusa M 22-41, MH 1918 and RMG 1191 were observed earliest performance in days to 50 percent flowering as well as in maturity and these parents can be used as a donor for developing short duration varieties. Per se performance of plant height showed that Pusa M 22-41 followed by VGG 20-255, Pusa M 22-42 and RMG 1169 were dwarf accessions. The accessions viz., BRM 15-1, BCM 20-60 and SKNM 2210 were recorded for higher number of clusters per plant as well as number of pods per plant and these traits are important for yield enhancement. The accessions viz., MH 1142 followed by Shikha, Virat, Pusa 9531, MH 1762 and TGM 130 were observed longest pod as per their mean performance. Maximum number of seeds per pod was observed in accessions OBGG 105 followed by Pant Mung 2, MH 1918, Pusa M 22-41 and Shikha. Accessions viz., SML 668 followed by SKNM 2210, RVSM 2214, COGG 7/912 and BRM 15-1 were found maximum biological yield per plant. MH 18-100 followed by RMG 1148, Pant Mung 2, MH 1142 and VGG 20-157 showed higher mean value of 100-seed weight and it is suitable for enhancing yield potential. SML 2108 followed by MH 1923, NVL 1337, Shikha and Virat showed higher mean value of harvest index. The accessions were observed higher protein content viz., OBGG 103, SVM 66, SML 2159 and MH 421 and can be used for enhancing nutrition quality. Accessions viz., SKNM 2110 followed by SML 2108, SML 668, MH 1923 and BCM 20-60 had higher seed yield per plant.
Genetic variability, heritability and genetic advance
The study of genetic variation parameters, viz., genotypic and phenotypic coefficient of variance (GCV and PCV), heritability and genetic advance as percent of the mean for different traits. In this study, the accessions revealed a significant amount of variability for all the traits under studied (Table 4). 
The higher values of genotypic and phenotypic coefficient of variation were observed for number of clusters per plant (31.31;29.71) and seed yield per plant (21.09;25.46), suggesting that the traits is primarily governed by additive genes with less environmental influence. Bhanu et al., (2016) and Joseph et al., (2020) previously reported similar findings. Moderate GCV and PCV were recorded for number of pods per plant (17.40;19.53), plant height (16.94:18.51), harvest index (13.65;18.97), biological yield per plant (13.52;15.23) and 100-seed weight (12.25;14.99). These results were earlier mentioned by Asari et al., (2019) and Jain et al., (2024). GCV value for the traits were lowest while the corresponding PCV values, indicates that environmental factors contribute to some extent to observed variability. Protein content (3.12; 4.57), days to 50% flowering (3.42; 4.68), days to maturity (3.85; 4.93), number of seed per pod (5.54;9.08) and pod length (6.43; 9.37) were recorded lowest values of GCV and PCV, suggesting that improving of  these traits through simple selection may be challenging.
Heritability helps to identify the additive nature of the traits; which represents how much of the variability can be transferred to next generation. The heritability estimates devoid of environmental influence from the total variability indicate the accuracy with which superior segregants in a population can be selected by their phenotypic performance, thus making the selection more effective. 
The higher values of heritability (%) were exhibited in the study for number of clusters per plant (86.61) followed by plant height (79.38), seed yield per plant (70.14), 100-seed weight (70.11), biological yield per plant (70.07) and number of pods per plant (68.06). The high heritability indicates the reliability with the higher chance of the genotype to be recognized by its phenotypic expression (Meena et al., 2015). The Similar results were also reported by Nalajala et al., (2022) and Kumar et al., (2024). Moderate value of heritability estimated for days to maturity (58.76), harvest index (57.72), days to 50 per cent flowering (53.13), protein content (45.33), pod length (42.14) and lowest for number of seeds per pod (37.53) suggesting these traits would not be effective due to non-additive genes.
Genetic advance is an important selection parameter that helps to plant breeders in the selection of genotype from a diverse population. High genetic advance as percentage of mean was observed on number of clusters per plant (52.98) followed by seed yield per plant (36.17), plant height (30.33), number of pods per plant (27.37), harvest index (22.15), biological yield per plant (22.01) and 100 seed weight (21.47). The results were also mentioned by Wesly et al., (2020) and Kumar et al., (2024).
High heritability coupled with high genetic advance percentage over mean was recorded on number of clusters per plant, seed yield per plant, plant height, number of pods per plant, biological yield per plant and 100 seed weight suggesting the predominance of additive gene action and the effectiveness of direct selection for these traits in mungbean.
Association Analysis
For the improvement of any traits, the information on its association with other traits are very crucial because selection for particular traits invariably affect its associated traits. Association analysis could be used as an important tool to bring information about appropriate cause and effects relationship between seed yield and its contributing traits.
The Genotypic (rg) and phenotypic (rp) association analysis of various traits with seed yield per plant and among themselves were estimated and presented in Table 5.
Days to 50 percent flowering was showed positive significant association with days to maturity (0.687;0.693); Days to maturity was showed positive significant association with plant height (0.306;0.309); Plant height was showed positive significant association with biological yield per plant (0.235;0.238); Number of clusters per plant was showed positive significant association with number of pods per plant (0.757;0.755), seed yield per plant (0.577;0.550), biological yield per plant (0.393;0.389) and harvest index (0.384;0.341); Number of pods per plant was showed positive significant association with seed yield per plant (0.524;0.497), biological yield per plant (0.426;0.423) and harvest index (0.271;0.230); Pod length was showed positive significant association with number of seed per pod (0.520;0.503), harvest index (0.345;0.310) and seed yield per plant (0.256;0.224); Number of seeds per pod was showed positive significant association with 100 seed weight (0.223;0.233), harvest index (0.304;0.317) and seed yield per plant (0.294;0.298);100-seeds weight was showed positive significant association with protein content (0.227;0.215); Biological yield per plant was showed positive significant association with seed yield per plant (0.554,0.525) and Harvest index was showed positive significant association with seed yield per plant (0.764;0.765) at genotypic and phenotypic levels. The similar results were earlier reported by Meena et al., (2015), Shakeer et al., (2022) and Anita et al., (2025). Conversely, Days to 50 percent flowering was showed negative significant association with harvest index (-0.264; -0.267) and seed yield per plant (-0.218; -0.222); Days to maturity was showed negative significant association with harvest index (-0.260; -0.292) and protein content (-0.231; -0.248) and Number of clusters per plant was showed negative significant association with pod length (-0.212; -0.258) at genotypic and phenotypic levels. seed yield revealed a significant negative correlation with days to 50 percent flowering at genotypic and phenotypic levels. The genotypic correlation value for most of the traits were higher in magnitude than the corresponding phenotypic values showing the existence of inherent association among the attributes.
4. Conclusion
The considerable amount of genetic variability present among the mungbean accessions for yield traits. High heritability coupled with genetic advance values for key yield components, along with strong positive association with seed yield, indicate ample scope for genetic improvement through direct selection due to predominant effect of additive gene. Traits viz., plant height, number of clusters per plant, number of pods per plant, number of seeds per pod, biological yield per plant and 100 seed weight emerged as reliable selection criteria for yield enhancement. The information provides to valuable insights of future breeding strategies for developing high-yielding resilience varieties in mungbean.
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Table 1: Details of mungbean accessions along with their sources.
	S. No.
	Accessions
	Source
	S. No.
	Accessions
	Source
	S. No.
	Accessions
	Source

	1
	BCM 20-45
	BCKV, Mohanpur
	33
	MH 18-100
	CCS HAU, Hisar
	65
	SML 2147
	PAU, Ludhiana

	2
	BCM 20-49
	BCKV, Mohanpur
	34
	MH 1921
	CCS HAU, Hisar
	66
	OBGG 105
	OUAT, Berhampur

	3
	BCM 20-50
	BCKV, Mohanpur
	35
	MH 1923
	CCS HAU, Hisar
	67
	SML 2159
	PAU, Ludhiana

	4
	BCM 20-52
	BCKV, Mohanpur
	36
	MH 18-181
	CCS HAU, Hisar
	68
	SVM 66
	SVHS Pvt.Ltd, Hisar

	5
	BCM 20-55
	BCKV, Mohanpur
	37
	MH 421
	CCS HAU, Hisar
	69
	SVM 88
	SVHS Pvt. Ltd, Hisar

	6
	SML 1082
	PAU, Ludhiana
	38
	NVL 1337
	NSPL, Pachora
	70
	TAKM 140
	BARC, Mumbai

	7
	BCM 20-60
	BCKV, Mohanpur
	39
	OBGG 103
	OUAT, Berhampur
	71
	TCA DM -1
	TCA, Dhali

	8
	BCM 20-74
	BCKV, Mohanpur
	40
	OBGG 113
	OUAT, Berhampur
	72
	SVM 55
	SVHS Pvt. Ltd, Hisar

	9
	BRM 15-1
	BAU, Sabour
	41
	PM 1803
	GBPU&T, Pantnagar
	73
	TGM 130
	COA, Sehore

	10
	BRM 14
	BAU, Sabour
	42
	PM 1711
	GBPU&T, Pantnagar
	74
	VGG 20-157
	NPRC, Vamban

	11
	CGG 20008
	TNAU, Coimbatore, 
	43
	PM 2015
	GBPU&T, Pantnagar
	75
	VGG 20-234
	NPRC, Vamban

	12
	SML 668
	PAU, Ludhiana
	44
	PM 2031
	GBPU&T, Pantnagar
	76
	VGG 20-153
	NPRC, Vamban

	13
	COGG 22-03
	TNAU, Coimbatore
	45
	PMD 11
	IIPR, Kanpur
	77
	Pusa M 22-41
	IARI, New Delhi

	14
	COGG 7/912
	TNAU, Coimbatore
	46
	PMS 13
	IARI, New Delhi
	78
	RMG 1169
	RARI, Durgapura

	15
	DGG 96
	UAS, Dharward
	47
	PMS 9
	IARI, New Delhi
	79
	VGG 20-255
	NPRC, Vamban

	16
	GM 6
	SDAU, S.K. Nagar
	48
	PMS 12
	IARI, New Delhi
	80
	Pusa M 22-31
	IARI, New Delhi

	17
	HUM 16
	BHU, Varanasi
	49
	PMS-10
	IARI, New Delhi
	81
	IPM 410-3
	IIPR, Kanpur

	18
	BM 4
	ARS, Badnapur
	50
	PMS-11
	IARI, New Delhi
	82
	MH 1918
	CCS HAU, Hisar

	19
	IPM 02-3
	IIPR, Kanpur
	51
	Pusa M 23-31
	IARI, New Delhi
	83
	MH 18-189
	CCS HAU, Hisar

	20
	IPM 1604-1
	IIPR, Kanpur
	52
	Pusa M 23-32
	IARI, New Delhi
	84
	Pusa M 21-31
	IARI, New Delhi

	21
	IPM 1707-1
	IIPR, Kanpur
	53
	Pusa M 23-41
	IARI, New Delhi
	85
	PusaM 22-42
	IARI, New Delhi

	22
	Pusa M 19111
	IARI, New Delhi
	54
	Pusa M 23-42
	IARI, New Delhi
	86
	Pant Mung 2
	GBPU&T, Pantnagar

	23
	IPM 2-14
	IIPR, Kanpur
	55
	Pusa M 2431
	IARI, New Delhi
	87
	MH 1703
	CCS HAU, Hisar

	24
	Kopergeon
	Nagpur
	56
	Pusa M 2441
	IARI, New Delhi
	88
	MH 1762
	CCS HAU, Hisar

	25
	IPMD 101-2
	IIPR, Kanpur
	57
	RMG 1191
	RARI, Durgapura
	89
	MH 1850
	CCS HAU, Hisar

	26
	IPM 512-1
	IIPR, Kanpur
	58
	RMG 1196
	RARI, Durgapura
	90
	PMS 8 (9)
	IARI, New Delhi

	27
	Jawahar M5
	JNKVV, Jabalpur
	59
	RVSM 22-14
	COA, Sehore
	91
	Shikha
	IIPR, Kanpur

	28
	Jawahar M6
	JNKVV, Jabalpur
	60
	RMG 1148
	RARI, Durgapura
	92
	Virat
	IIPR, Kanpur

	29
	JLPM 707-27
	MPVK, Jalgaon
	61
	SKNM 2107
	SDAU, S.K. Nagar
	93
	Pusa 9531
	IARI, New Delhi

	30
	IPM 1704-14
	IIPR, Kanpur
	62
	SKNM 2210
	SDAU, S.K. Nagar
	94
	MH 1142
	CCS HAU, Hisar

	31
	MGG 389
	ARS, Madhira
	63
	SML 1115
	PAU, Ludhiana
	
	
	

	32
	MGG 519
	ARS,Madhira
	64
	SML 2108
	PAU, Ludhiana
	
	
	




Table 2: Analysis of variance (ANOVA) for different traits in mungbean
	Source of variation
	Degree of freedom
	Days to 50% flowering
	Days
to maturity
	Plant height (cm)
	Number of clusters
per plant
	Number of pods per plant
	Pod length (cm)
	Number of seeds per pod
	100-seed weight (g)
	Biological yield per plant (g)
	Harvest index (%)
	Protein content     (%)
	Seed yield per plant
(g)

	Block
	4
	1.07
	7.30
	5.54
	0.06
	1.99
	0.40
	0.14
	0.07
	1.97
	5.26
	0.43
	0.05

	Accessions 
	93
	4.57**
	11.88**
	28.26**
	0.27**
	4.70**
	0.43**
	0.46**
	0.18**
	5.01**
	16.86**
	0.65**
	0.57**

	Check varieties
	3
	36.58**
	93.53**
	21.44**
	0.01
	1.49
	0.05
	0.30
	0.05
	1.67
	0.92
	0.36
	0.19

	Genotypes
	89
	3.40**
	9.11**
	28.51**
	0.28**
	4.85**
	0.33**
	0.33
	0.14**
	5.16**
	7.93**
	0.61**
	0.38**

	Genotypes vs. Checks
	1
	12.77**
	14.25**
	26.67**
	0.01
	0.43
	9.66**
	12.89**
	4.45**
	1.86
	859.38**
	4.86**
	18.54**

	Error
	12
	1.04
	2.36
	3.27
	0.02
	0.92
	0.14
	0.15
	0.02
	0.90
	2.13
	0.23
	0.07


**significant at 1% significance level
Table 3: Adjusted mean performance of the accessions for different traits in mungbean
	S.
No.
	Accessions
	Days to 50% flowering
	Days
to maturity
	Plant height (cm)
	Number of clusters per plant
	Number of
pods per plant
	Pod length (cm)
	Number of
seeds per pod
	100- seed weight (g)
	Biological yield per plant (g)
	Harvest     index
(%)
	Protein content (%)
	Seed yield per plant
(g)

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1. 
	BCM 20-45
	43.90
	75.70
	28.46
	2.30
	13.29
	6.94
	7.57
	2.11
	18.92
	16.00
	18.94
	3.02

	2. 
	BCM 20-49
	41.90
	73.70
	28.66
	2.10
	12.29
	6.82
	7.61
	2.19
	17.11
	16.05
	18.80
	2.79

	3. 
	BCM 20-50
	42.90
	66.70
	27.71
	2.30
	11.09
	5.84
	7.25
	2.18
	15.97
	16.82
	18.84
	2.17

	4. 
	BCM 20-52
	40.90
	65.70
	26.52
	2.70
	12.69
	6.05
	6.58
	2.26
	14.97
	15.90
	19.15
	2.41

	5. 
	BCM 20-55
	43.90
	67.70
	29.88
	2.10
	13.19
	6.52
	7.16
	2.85
	14.52
	16.22
	19.68
	2.70

	6. 
	SML 1082
	44.90
	67.70
	34.96
	1.30
	9.29
	6.19
	6.18
	3.25
	15.06
	17.63
	19.54
	2.70

	7. 
	BCM 20-60
	41.90
	65.70
	36.22
	3.10
	16.39
	5.99
	6.39
	2.19
	18.69
	20.41
	18.96
	3.85

	8. 
	BCM 20-74
	43.90
	67.70
	27.64
	1.70
	8.89
	6.35
	6.85
	2.24
	12.85
	17.87
	19.87
	1.95

	9. 
	BRM 15-1
	43.90
	69.70
	41.94
	4.10
	22.89
	5.63
	7.70
	3.23
	18.97
	19.28
	19.51
	3.68

	10. 
	BRM 14
	44.90
	68.70
	41.42
	2.50
	10.29
	6.02
	6.92
	2.14
	13.64
	19.61
	19.98
	2.75

	11. 
	CGG 20008
	49.90
	70.70
	32.63
	1.73
	14.69
	6.11
	7.00
	2.21
	13.53
	16.98
	20.17
	2.35

	12. 
	SML 668
	46.90
	68.70
	34.96
	2.50
	15.29
	7.74
	8.21
	2.28
	25.37
	16.79
	19.81
	4.20

	13. 
	COGG 22-03
	45.90
	69.70
	41.72
	1.50
	10.74
	7.32
	7.72
	2.34
	12.87
	16.63
	19.82
	1.92

	14. 
	COGG 7/912
	46.90
	70.70
	41.48
	1.55
	11.85
	7.22
	7.62
	2.21
	19.24
	16.15
	19.75
	3.10

	15. 
	DGG 96
	45.90
	69.70
	34.13
	1.32
	10.29
	7.05
	6.91
	3.30
	16.61
	15.27
	19.87
	2.37

	16. 
	GM 6
	44.90
	68.70
	36.86
	1.70
	9.54
	7.72
	8.16
	2.32
	16.90
	17.42
	18.94
	2.97

	17. 
	HUM 16
	43.90
	67.70
	32.82
	1.50
	10.59
	7.51
	7.87
	2.26
	14.56
	20.76
	19.20
	3.10

	18. 
	BM 4
	42.90
	67.70
	34.44
	1.24
	9.49
	6.51
	7.90
	2.29
	16.30
	15.17
	20.09
	2.31

	19. 
	IPM 02-3
	45.90
	67.70
	33.44
	1.70
	9.69
	6.43
	7.37
	3.26
	15.18
	17.32
	19.51
	2.67

	20. 
	IPM 1604-1
	44.90
	67.70
	30.32
	1.44
	11.07
	6.92
	7.25
	2.18
	13.75
	19.06
	19.64
	2.59

	21. 
	IPM 1707-1
	44.90
	68.70
	31.48
	1.40
	9.87
	6.03
	7.36
	3.06
	13.92
	17.37
	19.72
	2.47

	22. 
	Pusa M 19111
	46.90
	68.70
	27.33
	1.16
	9.54
	6.86
	7.31
	3.00
	14.56
	15.33
	19.25
	2.26

	23. 
	IPM 2-14
	45.90
	67.70
	32.84
	1.25
	10.32
	6.50
	7.99
	3.19
	16.22
	15.16
	19.46
	2.37

	24. 
	Kopergeon
	44.90
	66.70
	27.48
	1.14
	9.33
	6.72
	7.59
	2.24
	15.04
	16.77
	19.86
	2.24

	25. 
	IPMD 101-2
	46.90
	67.70
	29.84
	1.26
	10.29
	6.17
	6.71
	2.33
	14.29
	15.26
	19.84
	2.11

	26. 
	IPM 512-1
	45.90
	67.70
	30.96
	1.95
	15.54
	6.17
	7.60
	3.24
	13.97
	15.89
	20.16
	1.96

	27. 
	Jawahar M5
	43.90
	66.70
	24.84
	1.26
	10.43
	6.57
	7.98
	2.28
	14.05
	14.95
	19.69
	2.13

	28. 
	Jawahar M6
	44.90
	67.70
	25.72
	1.31
	11.21
	7.32
	7.76
	2.73
	14.88
	17.95
	18.78
	2.72

	29. 
	JLPM 707-27
	45.90
	69.70
	45.83
	1.26
	10.87
	7.43
	7.85
	3.05
	12.69
	15.37
	18.84
	1.86

	30. 
	IPM 1704-14
	44.90
	67.70
	29.65
	1.50
	9.29
	6.52
	6.95
	3.22
	15.06
	16.19
	19.19
	2.15

	31. 
	MGG 389
	45.90
	68.70
	36.72
	1.09
	9.33
	7.12
	7.61
	2.64
	12.77
	15.17
	18.78
	1.57

	32. 
	MGG 519
	43.90
	66.70
	24.76
	1.32
	11.32
	7.22
	7.69
	2.36
	12.22
	18.66
	19.57
	2.36

	33. 
	MH 18-100
	42.90
	63.70
	26.71
	2.10
	13.79
	6.86
	7.29
	3.52
	12.03
	21.85
	19.69
	2.74

	34. 
	MH 1921
	43.90
	61.70
	28.66
	1.29
	11.49
	7.51
	8.36
	3.29
	12.80
	21.84
	20.62
	2.90

	35. 
	MH 1923
	42.90
	60.70
	25.62
	2.50
	16.44
	7.41
	7.87
	2.23
	16.40
	24.77
	20.43
	4.16

	36. 
	MH 18-181
	46.90
	70.70
	26.14
	1.50
	10.49
	6.51
	8.36
	3.04
	17.85
	16.32
	20.36
	2.92

	37. 
	MH 421
	41.90
	63.70
	25.36
	1.21
	10.84
	6.27
	7.23
	3.05
	16.59
	15.83
	21.49
	2.64

	38. 
	NVL 1337
	44.90
	65.70
	30.86
	1.50
	11.69
	6.48
	8.36
	3.00
	14.23
	24.75
	21.05
	3.64

	39. 
	OBGG 103
	43.90
	64.70
	25.98
	1.22
	10.33
	7.55
	7.96
	2.56
	14.93
	16.30
	21.69
	2.15

	40. 
	OBGG 113
	45.90
	69.70
	37.44
	1.55
	12.69
	6.25
	7.62
	2.96
	17.01
	14.98
	19.36
	2.37

	41. 
	PM 1803
	46.90
	70.70
	27.74
	1.30
	9.57
	7.14
	7.55
	2.55
	14.96
	19.44
	19.29
	2.97

	42. 
	PM 1711
	48.90
	73.70
	25.44
	2.10
	11.69
	7.36
	8.50
	2.98
	14.18
	22.58
	18.94
	3.30

	43. 
	PM 2015
	44.90
	67.70
	32.76
	1.50
	9.39
	7.09
	7.46
	3.09
	13.70
	16.11
	21.05
	2.25

	44. 
	PM 2031
	43.90
	65.70
	22.60
	2.70
	9.39
	7.71
	8.19
	2.74
	12.70
	23.91
	20.94
	3.16

	45. 
	PMD 11
	42.90
	63.70
	31.12
	1.41
	11.21
	7.89
	8.30
	2.85
	12.60
	21.86
	20.98
	2.86

	46. 
	PMS 13
	42.90
	63.70
	22.82
	1.24
	10.32
	7.25
	7.70
	2.38
	14.64
	15.96
	20.16
	2.37

	47. 
	PMS 9
	46.90
	68.70
	31.62
	1.38
	11.54
	5.97
	8.38
	2.98
	15.29
	14.93
	20.38
	2.30

	48. 
	PMS 12
	48.90
	69.70
	33.65
	1.70
	9.52
	7.37
	7.72
	2.87
	13.58
	16.79
	20.94
	2.04

	49. 
	PMS-10
	43.90
	64.70
	34.54
	1.56
	12.35
	7.72
	7.61
	2.99
	12.91
	22.55
	19.05
	3.02

	50. 
	PMS-11
	47.90
	71.70
	33.01
	1.88
	11.81
	6.91
	7.99
	2.44
	13.83
	15.18
	19.48
	2.23

	51. 
	Pusa M 23-31
	44.90
	65.70
	27.56
	1.42
	11.27
	7.19
	7.59
	2.52
	13.60
	15.66
	18.76
	2.17

	52. 
	Pusa M 23-32
	45.90
	68.70
	32.62
	1.50
	11.76
	6.17
	6.91
	2.89
	14.78
	15.13
	18.92
	2.26

	53. 
	Pusa M 23-41
	46.90
	69.70
	25.88
	1.22
	10.48
	7.43
	7.91
	2.83
	13.53
	15.67
	19.27
	2.16

	54. 
	Pusa M 23-42
	43.90
	65.70
	30.04
	2.02
	17.49
	7.22
	7.70
	2.99
	17.37
	15.41
	20.05
	2.68

	55. 
	Pusa M 2431
	44.90
	66.70
	29.08
	1.46
	10.52
	5.77
	7.70
	2.35
	14.64
	16.41
	19.56
	2.44

	56. 
	Pusa M 2441
	45.90
	69.70
	27.12
	1.42
	11.76
	6.43
	7.78
	2.92
	15.98
	14.99
	21.08
	1.90

	57. 
	RMG 1191
	42.90
	64.70
	33.12
	1.44
	11.07
	6.82
	7.80
	2.69
	16.26
	20.60
	20.70
	3.41

	58. 
	RMG 1196
	43.90
	65.70
	33.04
	1.32
	10.89
	7.53
	8.00
	3.04
	15.79
	20.73
	19.59
	3.34

	59. 
	RVSM 22-14
	43.90
	64.70
	35.54
	1.70
	12.76
	7.79
	8.18
	3.23
	20.28
	15.17
	20.69
	3.05

	60. 
	RMG 1148
	45.90
	67.70
	37.38
	1.70
	10.96
	7.56
	7.95
	3.50
	18.62
	16.69
	19.68
	2.72

	61. 
	SKNM 2107
	47.90
	73.70
	31.18
	1.24
	9.99
	6.79
	8.40
	2.93
	13.64
	15.59
	20.25
	2.02

	62. 
	SKNM 2210
	46.90
	70.70
	33.74
	3.00
	16.89
	6.13
	7.48
	3.03
	22.49
	22.03
	20.38
	4.97

	63. 
	SML 1115
	45.90
	68.70
	33.04
	1.26
	10.99
	7.38
	7.87
	2.72
	14.20
	19.38
	18.78
	2.82

	64. 
	SML 2108
	44.90
	63.70
	28.43
	3.00
	15.29
	6.53
	8.58
	2.84
	16.97
	25.86
	19.38
	4.49

	65. 
	SML 2147
	46.90
	69.70
	25.92
	1.42
	11.87
	6.93
	7.30
	2.96
	14.75
	14.37
	19.27
	1.98

	66. 
	OBGG 105
	48.90
	70.70
	20.96
	1.38
	11.07
	7.55
	9.25
	2.94
	14.28
	14.94
	19.49
	2.16

	67. 
	SML 2159
	44.90
	65.70
	25.87
	1.40
	9.91
	7.12
	7.56
	2.65
	14.21
	15.01
	21.65
	2.01

	68. 
	SVM 66
	43.90
	64.70
	28.14
	1.20
	10.07
	6.57
	6.97
	2.94
	13.33
	15.68
	21.66
	1.99

	69. 
	SVM 88
	44.90
	65.70
	30.94
	1.25
	9.98
	7.26
	7.63
	2.79
	17.72
	16.48
	21.27
	2.37

	70. 
	TAKM 140
	46.90
	70.70
	25.54
	1.30
	10.32
	7.32
	7.72
	3.05
	17.59
	18.81
	20.05
	3.34

	71. 
	TCA DM -1
	41.90
	63.70
	34.48
	1.50
	11.69
	7.13
	7.86
	2.81
	13.54
	23.95
	19.54
	3.36

	72. 
	SVM 55
	43.90
	65.70
	37.36
	1.30
	9.49
	7.35
	7.73
	2.91
	18.45
	15.17
	19.16
	2.79

	73. 
	TGM 130
	44.90
	65.70
	22.76
	1.28
	10.07
	7.81
	7.89
	3.23
	15.78
	17.57
	20.69
	2.81

	74. 
	VGG 20-157
	44.90
	64.70
	25.54
	1.30
	10.22
	6.79
	7.76
	3.31
	16.48
	15.75
	21.27
	2.61

	75. 
	VGG 20-234
	46.90
	70.70
	28.13
	1.35
	11.07
	6.58
	6.50
	3.03
	13.17
	15.77
	21.27
	1.98

	76. 
	VGG 20-153
	45.90
	69.70
	26.46
	1.28
	9.96
	6.24
	7.71
	2.79
	14.32
	15.90
	19.58
	2.16

	77. 
	Pusa M 22-41
	40.90
	62.70
	21.02
	1.70
	10.76
	7.11
	8.86
	3.20
	14.13
	22.25
	19.38
	3.24

	78. 
	RMG 1169
	43.90
	62.70
	22.36
	1.28
	10.08
	7.52
	7.23
	2.98
	18.00
	16.68
	19.58
	3.01

	79. 
	VGG 20-255
	41.90
	60.70
	21.32
	2.50
	12.89
	6.86
	8.20
	3.26
	15.96
	17.69
	20.38
	2.86

	80. 
	Pusa M 22-31
	44.90
	63.70
	23.38
	1.22
	9.76
	7.33
	7.37
	3.06
	14.20
	16.15
	20.58
	2.18

	81. 
	IPM 410-3
	42.90
	62.70
	22.65
	1.30
	11.29
	7.44
	7.71
	3.25
	14.84
	18.12
	20.03
	2.74

	82. 
	MH 1918
	41.90
	60.70
	25.02
	1.50
	9.59
	7.22
	8.87
	2.81
	12.54
	19.65
	18.92
	2.55

	83. 
	MH 18-189
	43.90
	62.70
	22.44
	1.42
	12.69
	7.17
	7.56
	3.19
	14.98
	17.40
	18.94
	2.65

	84. 
	Pusa M 21-31
	46.90
	68.70
	25.62
	1.39
	10.76
	6.86
	7.26
	3.04
	14.27
	20.21
	19.03
	2.96

	85. 
	PusaM 22-42
	44.90
	66.70
	21.76
	1.28
	11.34
	6.10
	6.57
	3.04
	12.19
	13.97
	20.08
	1.74

	86. 
	Pant Mung 2
	45.90
	67.70
	25.62
	1.27
	10.33
	6.51
	8.91
	3.46
	15.75
	12.80
	19.69
	2.01

	87. 
	MH 1703
	46.90
	69.70
	24.96
	1.70
	9.59
	6.87
	7.29
	3.13
	12.95
	18.30
	20.16
	2.44

	88. 
	MH 1762
	43.90
	67.70
	27.11
	1.63
	11.16
	7.89
	8.19
	2.95
	14.68
	20.61
	18.97
	3.10

	89. 
	MH 1850
	45.90
	70.70
	24.41
	1.35
	11.60
	7.71
	7.56
	2.78
	14.05
	21.30
	18.94
	3.08

	90. 
	PMS 8 (9)
	42.90
	66.70
	25.21
	1.64
	10.43
	7.72
	8.77
	2.97
	16.85
	16.29
	18.97
	2.76

	91. 
	Shikha
	43.80
	66.80
	28.84
	1.81
	12.29
	8.13
	8.85
	3.20
	15.83
	24.53
	20.29
	3.83

	92. 
	Virat
	40.60
	62.40
	26.87
	1.86
	13.02
	8.01
	8.65
	3.26
	15.94
	24.03
	20.75
	3.68

	93. 
	MH 1142
	45.20
	68.80
	29.08
	1.95
	12.78
	8.21
	8.40
	3.42
	16.47
	23.75
	20.93
	3.84

	94. 
	Pusa 9531
	47.00
	72.80
	31.90
	1.89
	11.79
	7.99
	8.29
	3.18
	15.07
	23.53
	20.68
	3.42

	Mean
	44.90
	67.35
	29.63
	1.64
	11.44
	6.97
	7.72
	2.83
	15.27
	17.91
	19.87
	2.70

	CD at 5%
	
	
	
	
	
	
	
	
	
	
	
	

	CD-1
	1.40
	2.12
	2.49
	0.19
	1.32
	0.50
	0.53
	0.21
	1.31
	2.00
	0.66
	0.35

	CD-2
	3.14
	4.74
	5.57
	0.43
	2.96
	1.13
	1.19
	0.48
	2.93
	4.49
	1.48
	0.79

	CD-3
	3.51
	5.30
	6.23
	0.49
	3.30
	1.27
	1.33
	0.54
	3.28
	5.02
	1.65
	0.89

	CD-4
	2.72
	4.10
	4.83
	0.37
	2.56
	0.98
	1.03
	0.42
	2.54
	3.89
	1.28
	0.68

	CV (%)
	2.26
	2.24
	5.94
	7.68
	7.80
	5.04
	5.07
	5.79
	5.89
	8.72
	2.38
	9.83

	Range
	40.60-49.90
	60.70-75.70
	20.96-45.83
	1.09-4.10
	8.89-22.89
	5.63-8.21
	6.18-9.25
	2.11-3.52
	12.03-25.37
	12.80-25.86
	18.76-21.69
	1.57-4.97


CD-1 = Between check varieties, CD-2 = Between genotypes within a block, CD-3 = Between genotypes between blocks and CD-4 = Between check varieties and genotypes
Table 4: Variability parameter for yield and yield attributing traits in mungbean accessions
	[bookmark: _Hlk220215557]S. No.
	Traits
	Coefficient of variation (%)
	Heritability
(broad sense) (%)
	Genetic
advance
	Genetic advance as
per cent of mean

	
	
	Genotypic
	Phenotypic
	
	
	

	1. 
	Days to 50% flowering
	3.42
	4.68
	53.13
	2.30
	5.12

	2. 
	Days to maturity
	3.85
	4.93
	58.76
	4.10
	5.97

	3. 
	Plant height (cm)
	16.94
	18.51
	79.38
	9.22
	30.33

	4. 
	Number of clusters per plant
	31.31
	29.71
	86.61
	0.98
	52.98

	5. 
	Number of pods per plant
	17.40
	19.53
	68.06
	3.37
	27.37

	6. 
	Pod length (cm)
	6.43
	9.37
	42.14
	0.59
	8.10

	7. 
	Number of seeds per pod
	5.54
	9.08
	37.53
	0.53
	6.99

	8. 
	100 – seed weight (g)
	12.25
	14.99
	70.11
	0.59
	21.47

	9. 
	Biological yield per plant (g)
	13.52
	15.23
	70.07
	3.55
	22.01

	10. 
	Harvest index (%)
	13.65
	18.97
	57.72
	3.77
	22.15

	11. 
	Protein content (%)
	3.12
	4.57
	45.33
	0.85
	4.26

	12. 
	Seed yield per plant (g)
	21.09
	25.46
	70.14
	0.96
	36.17



Table 5: Genotypic and phenotypic correlation coefficients for different traits in mungbean
	
Traits
	Level
	Days to 50% flowering
	Days to maturity
	Plant height 
	Number of clusters per plant
	Number of pods per plant
	Pod length
	Number of seeds per pod
	100-seed weight
	Biological yield per plant
	Harvest index
	Protein content    
	Seed yield per plant

	Days to 50% flowering
	G
P
	1.000
1.000
	0.687**
0.693**
	0.177
0.180
	-0.196
-0.189
	-0.108
-0.102
	-0.064
-0.059
	-0.022
-0.026
	0.057
0.050
	-0.024
-0.016
	-0.264*
-0.267**
	-0.009
-0.004
	-0.218*
-0.222*

	Days to maturity
	G
P
	
	1.000
1.000
	0.306**
0.309**
	0.034
0.032
	-0.014
-0.017
	-0.151
-0.184
	-0.098
-0.123
	-0.178
-0.199
	0.105
0.106
	-0.260*
-0.292**
	-0.231*
-0.248*
	-0.141
-0.169

	Plant height 
	G
P
	
	
	1.000
1.000
	0.189
0.191
	0.195
0.197
	-0.127
-0.139
	-0.153
-0.162
	-0.144
-0.152
	0.235*
0.238*
	-0.042
-0.057
	-0.138
-0.142
	0.079
0.068

	Number of clusters per plant
	G
P
	
	
	
	1.000
1.000
	0.757**
0.755**
	-0.212*
-0.258*
	-0.005
-0.030
	-0.117
-0.136
	0.393**
0.389**
	0.384**
0.341**
	-0.093
-0.114
	0.577**
0.550**

	Number of pods per plant
	G
P
	
	
	
	
	1.000
1.000
	-0.166
-0.211*
	0.020
-0.005
	0.022
0.002
	0.426**
0.423**
	0.271**
0.230*
	-0.053
-0.074
	0.524**
0.497**

	Pod length 
	G
P
	
	
	
	
	
	1.000
1.000
	0.520**
0.503**
	0.171
0.154
	0.023
-0.006
	0.345**
0.310**
	0.066
0.020
	0.256*
0.224*

	Number of seeds per pod
	G
P
	
	
	
	
	
	
	1.000
1.000
	0.223*
0.233*
	0.103
0.078
	0.304**
0.317**
	0.051
0.030
	0.294**
0.298**

	100 – seed weight 
	G
P
	
	
	
	
	
	

	
	1.000
1.000
	-0.011
-0.032
	0.097
0.125
	0.227*
0.215*
	0.070
0.083

	Biological yield per plant 
	G
P
	
	
	
	
	
	
	
	
	1.000
1.000
	-0.060
-0.095
	0.012
-0.003
	0.554**
0.525**

	Harvest index 
	G
P
	
	
	
	
	
	
	
	
	
	1.000
1.000
	0.049
0.026
	0.764**
0.765**

	Protein content 
	G
P
	
	
	
	
	
	
	
	
	
	
	1.000
1.000
	-0.002
-0.026

	Seed yield per plant 
	G
P
	
	
	
	
	
	
	
	
	
	
	
	1.000
1.000


*, ** = Significant at 5%, and 1%level, respectively



