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	ABSTRACT

	Investigating salient attributes related to diversification amongst fifty number of Mungbean genotypes (Vigna radiata L.), accomplished by conducting the analysis of variance, estimation of heritability, genetic advance as mean percentage, correlations, coefficient of variablity as well as the analysis of principle components including examination of single linkage cluster where ten number of plant parameters were analyzed for yield related determinants as days in number for flowering (DNF), days in number for maturity (DNM), , primary branches per plant (PBP), secondary branches per plant (SBP), plant height (PH), silique number per plant (SNPP), silique length (SL), seeds per Silique (SPS), thousand grain weight (TGW) and grain yield per plant (GYP) and. Various plant parameters showed average to maximum observations of heritability (%) in broad sense including genetic advance. Highest values of heritability were detected from 0.835 (DNF) to 0.992 (SNPP) in all attributes except 0.343 (DNM). Genetic advance values were noted as 15.5480 for (SNPP) and 0.9231 for (DNM). Significant and positive correlation were exhibited by all number of yields relate components under studied. Principle components from PC1 to PC4 having value greater than one and exhibited variability of 65.1138 in different genotypes screened out regarding numerous agronomic traits. Rest of components viz; PC5 to PC10 contained lower than one eighteen values. The principal component one (PC1)was very much linked to DNF and DNM whereas second PC associates to TGW, SPP and PH. Principal component three resulted positive effects for PBP, SBP and PH. Moreover, the Fourth principal component was highly linked with SL, SNPP and SBP and positive to three attributes (SL, SBP and SPS). Broad sense heritability with high ranked values were coupled with higher genetic advance in the attributes exploring the information that these mentioned parameters showed influence of additive genetic variance leading sorting of the crop material results a fast development in breeding program. Groups of genotypes with better agronomic parameters isolated which explore the genetic prospective to shift genes of desirable characters for promoting yield capacity of germplasm.
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INTRODUCTION

Mungbean (Vigna radiata L. Wilczek) is an important legume crop that supplies the extensive diets based on cereals to the low lying people in Asia. K. Mogotsi et al; 2006 discussed in some regions mungbean, as well recognized as green gram, and native to Indian subcontinent. The journey of Mungbean started from a minor crop and then it was converted into semi-domesticated crop and ultimately become significant legumes used as grains in the era of 1970. R. Nair, et al; (2012) noted that currently, it is planted over than 6 million hectares approximately, mostly in South, Punjab and others south eastern countries of Asia while it is also extensively growing in Australia, United States and Canada . According to Aasma Parveen, et al; (2023) that mungbean has an importance of in crop rotation patterns due to its nitrogen fixation ability, short duration crop and it can even survive in limited water conditions. Muhammad Yaqub, et al; 2010 explained that there is a long list of cereal crops grow after cultivation of mungbean which have enough potential for production to produce more yield. 

Cereals and legumes when consumed unanimously, it become a nutritionally enriched diet. Cereals are poor in amino acids i.e. lysine, fulfilled by legumes highly rich in protein and has good digestibility, mungbean is important in Asian diets. According to K.S. Sandhu, S.-T.J.C.p. Lim (2008) It’s a good source of protein and carbohydrates as well. These could be easily digestible and enrich in iron and foliate, which are limited in the diet of underdeveloped countries and may cause malnutrition. During 1960s seed yield were stuck or decreasing and, as the Green Revolution took off and emphasized struggle by enhancing production of grains, Cultivation of mungbean was relegated to less fertile soils and grown with less inputs. A. Ullah, T.M. Shah, M. Farooq; (2020) noted that Pakistan is not included in the largest pulses producing countries but its imports are used to create the difference. The low focus on new emerging crop cultivation and networks formation for dissemination of good seed is the only reason of low production of pulses corps in Pakistan. 

Farmers having less resources can increase production, changes crop rotations, and boost their revenues by cultivating this highly nutritious legume for their dependents and other neighborhood populations. Government of Pakistan has explained a strong assurance to carry on, strengthen, and sustain the gains resulting from the improved mungbean lines. Country like Pakistan, Mungbean is cultivated approximately 137 thousand hectares whereas its production is 77.1 thousand tons every year. (Anonym. 2010-11). 

Approximately, thousand hectares of mungbean crop are under cultivation in the spring and kharif seasons with production of 218 thousand tons covers16 % of whole country’s total pulses production (Anonymous; 2022). A lot of struggle have been done for the last decades develop potential genotypes regarding mungbean in order to enhance the viability of mungbean and to cater the nutritional needs of nation specified for balanced rich diet and development of new potential promising mungbean germplasm (Anonymous; 2021). S.K. Dey, et al; (2017) explored that the landraces of mungbean only have potential of 0.4 t/ha or less but newly developed varieties can produce more than that of 2 tons/ha. According to M. Sarkar, S. and Kundagrami (2016) that Internationally, the overall goal of breeding program in case of mungbean is to cater high yielding varieties which could only be possible on the basis of provision of superior germplasm possessing high level of genetic diversity. 

As per Gayacharan, et al.,(2020) genetic diversity study and correlation data may help in the selection of genotypes with desirable values of variables of breeding importance, such as maturity, pod features, and grain size. Breeders suggest utilizing selection indices as an alternative method for selecting the desired high yielding genotypes. Gayacharan, et al., (2020) witnessed that the investigation of crops involving data analyzed for 

genetic diversity and correlation analysis having appropriate values may assist to identify the genotypes which have great importance for breeding crops i.e. grains size with different characteristics of pods and maturity as well. The researchers like H. Sabouri,etal 2008.  M.H. Fotokian et al; 2014) revealed that the agricultural scientists gave different proposal for selections indices as a substitute for identifying the potential germplasm suitable for high productivity. There are number of studies done for choosing indices to select the superior germplasm and the valuable genetic combinations carrying the objectives of high yield in many crops.

Khan et al., 2005 explored that issue of crop improvement of parental lines selection is a basic i.e. carrying good ability for inheritance and genetic advance related to different attributes. Investigation of variability due to genes express in plant characters which are responsible for yield is a vital standard for yield enhancement whereas in case of highly degree of self fertilized crops (mungbean) Natural diversification is deeply resulting a selection opportunity in a very limited way. Selection efficacy relies on the value of genetic variability for yield and its parameters related to it. The awareness regarding different genetic analysis such as genetic advance and heritability and genetic advance leads scientists to ascertain top parental lines to kick off a valuable and rewarding crossing program. Khan et al (2004) noted that correlation analyses grant the knowledge of mutual relationship of salient traits of plants leading to a productive mechanism of high production of yield in grains either direct or indirect. Acharya et al (1993) resulted that variations related to coefficients of genotypic or phenotypic aspects possessed maximum value for yield linked attributes like grain yield per plant as well as number of pods per plant.  Another research scholars Khan et al., (2004) revealed that differences in genetic architecture explore highly significance in accessions particularly in 50% flowering days to flowering and yield along with its other characters. Likewise, Celal (2004) expressed positive and significant linkage among the parameters i.e. 50% flowering days to flowering, seeds per plant, seed yield per plant, pods per plant, 1000-seed weight and harvest index. Estimation of environmental variation reflected more than other of genotypes related to whole parameters Imrie and Butler (2005). According to Khodadadi et al (2011) explored that by using analysis of principal component in contrast of using cluster explorations that each value is pointed at only to one group. This study is designed to investigate the inherent diversification, heritability in relation to yield and its attributes. On the other hand, screening of mungbean genotypes contained different origins in field condition for selecting the parental material to begin a crop improvement program.
MATERIALS AND METHODS

The accessions fifty (Table.1)  in number were received from Bio-Resources Conservation Institute, NARC, Islamabad, Pakistan and were cultivated in RCBD in three repeats having a plot size of 6 m x 2.4 m whereas the planting distance was 25 cm while inter row was kept 50 cm, in field conditions during the year 2012, at PARC Research and Training Station, B.Z, University, Multan, Pakistan, situated at latitude 29o22 and 30o45 in north where longitude 71.48o and altitude 215 meters, whereas temperature lies from 15.7Co to 30.5Co, relative humidity were from 70.6% to 80.5% but Rainfall was 5 to 13 (mm). 

Ten different agronomic traits (Table.2) noted in five individual plants of every: ANOVA for the traits done as per Steel et al (2004) method. Heritability estimates were calibrated according to Allard (1960). Correlation coefficients on phenotypic basis were determined among the parameters done by Snedecor (1956). Numerical taxonomic techniques were used to analyze the data with the procedure of Principal components and cluster analysis by Singh and Chaudhry (1985). Standardization and transformation to PCA SLCA were done with the help of computerized software MINTAB 13.2. By means of these variations in the parameters, the SLCA sum up the situation of genotypes into dendrogram.

RESULTS
Fifty numbers of accessions were evaluated by undertaking analysis of variance with different plant genetic characteristics explored highly significant for many attributes studied except DNM which only showed significant differences as per (Table.3).

The ranges lie between 0.835 to 0.992 for the attributes of DNF and SNPP, respectively which were considered high as like in whole parameters except DNM noted as 0.343 (Table 3). The values observed for Genetic advance were 15.5480 for the characteristic of SNPP while for DNM noted as 0.9231. Moreover, the attribute denoted as DNM exhibited 4.88% coefficient of variability whereas it was 6.69% in SL.

Genotypic and phenotypic correlations:

By following Chaudhary and Joshi, 2005; Panhwar et al, 2003, studies regarding correlations started for observing common interaction between numerous attributes in case of forms and level of yield potential with inclusion of ten number of plant parameters mentioned in Table 4.

As per genetic point of DNM showed significant and positive results with DNF but in phenotypic perspective the parameter like DNM expressed highly significance and positive effect with DNF. On the other hand, the trait of PH, genotypically is non-significant but negatively correlated with DNF & DNM while the parameter PH is negatively correlated & non significant with DNM but highly significant with DNF on the basis on phenotypic aspect. Genotypically the parameter of PBP has negative and non significant effect with DNF & DNM showed positive and significant association with PH while on phenotypic perspective the attribute of PBP indicated highly significant but negative correlation with DNF but sustain negative correlation with DNM, while in case of association with PH, it showed highly significant effect. The other parameter like SBP explored a negative and non correlation with DNF while highly significant with PH & PBP in genotypic point of view but on the other hand by considering the phenotypic perspective of the parameter of SBP explored significant but negative correlation with DNF while non significant with DNM further more showed a positive results and highly significant relationship with PH and PBP. 

On the basis of genotypic point of view, the attribute of SNPP posses positively correlation and showed non significance results with DNF but negatively correlated with DNM parameter while significant and positive correlation with PH, PBP and SBP. In lieu of phenotypic aspect, the parameter of SNPP has negative and non significant association with the attributes like DNF & DNM but highly significant positive effect with PH, PBP and SBP.  The parameter SL is negatively correlated and non significant with DNF and PH while positive and significant with DNM, SBP and SNPP but non-significant with PBP, geotropically. Phenotypically, SL has negative association but negative effect with the parameters like DNF, PH while it has positive linkage with the parameters DNM, PBP but significant relationship with SNPP and highly significant with SBP. The parameter SPS genotypically showed negative correlation non significant results with DNF & DNM but significant and positive association with PH, PBP, SBP, SNPP and SL but with phenotypic point of view, the attribute of SPS indicated a negative and highly significant association with DNF and DNM but positive with PH as well as expressed a significant and positive effects with the parameters PBP and SBP but showed positive and non significant association with SNPP. Furthermore it is evident that the parameter like SPS has a positive but highly significant association with SL. In Genotypic perspective, the parameter GYP has a positive and non significant effect with DNF but significant with PH, PBP, SBP, SNPP, SL and SSP while phenotypically, it has non-significant but positive correlation with DNF and DNM while significant with PH, SBP but on the other hand its results showed highly significant effects with the parameter like PB, SNPP and GYP. Furthermore the parameter GYP has non-significant but positive effect with DNF, DNM and SL. While the parameter like TGW showed negative and non significant relationship with DNF, DNM, PB, SBP and SL while sustain significant and positive association with PH & SPS and GYP but non-significant and positively correlated with SNPP under the genotypic point of view. Phenotypically, the parameter TGW showed negative and non significant association with DNF, PBP, and SBP while negative and significant correlation with DNM but highly significant with SL. At last this TGW parameter explored non significant and positive effects with the parameters like PH and SNPP while significant with GYP but highly significant with GYP.

Principle component Analysis 

Principle components from PC1 to PC4 having value greater than one and exhibited variability of 65.1138 in different genotypes screened out regarding numerous agronomic traits (Table No. 5). Rest of components PC5 to PC10 contained lower than one eigen value (Table 5).
The first principle component was very much linked to DNF and DNM where as second PC associates to TGW, SPP and PH. Principle component three resulted positive effects for PBP, SBP and PH. Fourth principle component was highly linked with SL, SNPP and SBP, in second principle component; TGW reflected highest value of positive weight followed by SL, DNF and SNPP in fourth principle component, first and second principle component respectively while only three number of parameters out of ten (10) PH, SBP and SL showed maximum variation among the components i.e. PC2, PC3, and PC4 except the first one (PC1) as shown in Table 5. So, these components showed the parameters having average values. It shows reproductive developments of genotypes. In top line two principle components included variability up to 41.8674%. Rashid et al (2008) exhibited such findings.

Cluster analysis:

Whole accessions (Table.1) present in dendrogram (Fig.1) reflecting level of similarity (24%) exclusively performed by G19 indicating as a whole mismatching to remaining genotypes. Genotypes G43 and G47 show similarity of 8.6 % while G25 and G39 reflected 6.0 % similarity. Genotypes G9 and G40 exploring the similarity level (5.9 %) whereas some accessions explored level similarity level ranging from 8.8 to 21%. The ranges like 5.5% to 8.9% were shown by maximum genotypes. Cluster analysis classified genotypes with more similarity and dissimilarity according to genetic point of view. The superior genotypes will be identified from a specific group for investigation. Clusters with desirable morphological entities are selected which are recommended for genetic capacity and are helpful to shift the super genes to enhance productivity of the crop.
Conclusions

Four numbers of components having more than one value concluded 65.7656% of dissimilarity among the genotypes. The first principle component was more linked to two numbers of attributes (DFL and DMT) while the second principle component linked to three attributes (TSW, SP and PH). Third principle component indicated positive consequence for three aspects (PB, SB and PH) while fourth principle component was also positive to three numbers of attributes (PL, SB and SP). Medium to high values of genetic advance and broad sense heritability were noted for various attributes. Heritability with high determinant values were indicated from 0.835 (days to flowering) to 0.992 (number of pods per plant) collectively in all attributes besides 0.343 (days to maturity). Broad sense heritability with greater magnitude related with maximum value of genetic advance in parameters evidenced that characters in this study were influenced by additive genes, exploring that screening of these genotypes should expedite genetic improvement of the material.
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	Genotype
	Codes
	Source 
	Genotype
	Source
	Source

	G1.
	014331
	Punjab
	G26
	014482
	Punjab

	G2
	014341
	Punjab
	G27
	014483
	Balochistan

	G3
	014343
	Punjab
	G28
	014484
	Balochistan

	G4
	014358
	Punjab
	G29
	014485
	Balochistan

	G5
	014359
	Sindh
	G30
	014486
	Balochistan

	G6
	014360
	Sindh
	G31
	014487
	Balochistan

	G7
	014361
	Sindh
	G32
	014488
	Balochistan

	G8
	014363
	Sindh
	G33
	014489
	Balochistan

	G9
	014364
	Punjab
	G34
	014524
	Balochistan

	G10
	014371
	Punjab
	G35
	014526
	Punjab

	G11
	014372
	Punjab
	G36
	014527
	Balochistan

	G12
	014373
	Punjab
	G37
	014530
	Balochistan

	G13
	014375
	Punjab
	G38
	014531
	Balochistan

	G14
	014380
	Punjab
	G39
	014532
	Balochistan

	G15
	014464
	Punjab
	G40
	014534
	Balochistan

	G16
	014465
	Punjab
	G41
	014535
	Balochistan

	G17
	014471
	Punjab
	G42
	014536
	Balochistan

	G18
	014473
	Balochistan
	G43
	014548
	Balochistan

	G19
	014472
	Balochistan
	G44
	014549
	Punjab

	G20
	014474
	Balochistan
	G45
	014550
	Punjab

	G21
	014475
	Balochistan
	G46
	014551
	Punjab

	G22
	014476
	Balochistan
	G47
	014559
	Punjab

	G23
	014477
	Balochistan
	G48
	014564
	Balochistan

	G24
	014478
	Balochistan
	G49
	014565
	Sindh

	G25
	014479
	Balochistan
	G50
	014566
	Sindh


Table 1. Mungbeen genotypes with Sources.

	Sr. No
	Characters
	Abbreviations

	1
	Days in number for flowering
	DNF

	2
	Days in number for maturity
	DNM

	3
	Plant height (cm)
	PH

	4
	Primary branches per plant
	PBP

	5
	Secondary branches per plant
	SBP

	6
	Silique number per plant
	SNPP

	7
	Silique length
	SL

	8
	Seeds per Silique
	 SPS

	9
	Grain yield per plant (gms)
	GYP

	10
	Thousand Grain weight (gms)
	TGW

	11
	Analysis of variance
	ANOVA

	12
	Single linkage cluster analysis
	SLCA


Table 2. Plant traits and others with abbreviations.

	Characteristics
	M.S (R)
	M.S (G)
	M.S (E)
	Mean ± S.E
	h2
	G.A
	C.V (%)

	DNF

DNM

PH

PBP

SBP

SNPP

SL

SPP

GYP

TGW
	1.280

7.740

17.604

0.121

1.647

3.411

0.401

0.641

0.850

5.264
	38.602**

11.095*

324.361**

2.771**

52.348**

375.658**

1.961**

6.162**

76.414**

62.667**
	6.382

7.291

10.021

0.061

0.757

2.834

0.279

0.412

0.725

5.010
	43.700 ± 0.033

55.340 ± 0.069

47.740 ± 0.011

4.039 ± 0.120

16.093 ± 0.027

29.059 ± 0.010

7.902 ± 0.146

9.868 ± 0.081

13.778 ± 0.023

35.340 ± 0.026
	0.835

0.343

0.969

0.978

0.986

0.992

0.857

0.933

0.991

0.920
	4.1917

0.9231

14.1076

1.3158

5.7636

15.5480

0.9706

1.8724

6.9986

5.8870
	5.78

4.88

6.63

6.12

5.41

6.00

6.69

6.50

6.18

6.26


M.S (R) = mean square between replication, M.S (G) = mean square of genotypes, M.S (E) = Mean square of error, S.E = standard error, h2 = heritability, G.A = genetic advance, C.V (%) = coefficient of variability, * = significant, ** = highly significant
Table 3. Analysis of variance for 50 different moong bean genotypes.

	Traits
	DNF
	DNM
	PH
	PBP
	SBP
	SNPP
	SL
	SPP
	GYP
	TGW

	DNF
	
	
	
	
	
	
	
	
	
	

	rg           
 rp
	1
	0.4911*

0.3376**
	-0.2437

-0.2247**
	-0.2885

-0.2526**
	-0.2252

-0.1932*
	0.0027

-0.0017
	-0.1600

-0.1056
	-0.3381

-0.3024**
	0.0327

0.0258
	-0.1024-0.0790

	DNM
	
	
	
	
	
	
	
	
	
	

	 rg

rp
	
	1
	-0.1924

-0.1081
	-0.2248

-0.1081
	-0.1967

-0.1097
	-0.2534

-0.1587
	0.3062*

0.1326
	-0.5762

-0.2872**
	0.0147

0.0094
	-0.2960

-0.1746*

	PH
	
	
	
	
	
	
	
	
	
	

	rg

rp
	
	
	1
	0.5003*

0.4875**
	0.4138*

0.4061**
	0.2756*

0.2706**
	-0.0210

-0.0039
	0.2312*

0.2194**
	0.1686*

0.1636*
	0.1649*

0.1563

	PBP
	
	
	
	
	
	
	
	
	
	

	rg

 rp
	
	
	
	1
	0.3571*   0.3545**
	0.2278*

0.2241**
	0.0518

0.0366
	0.1709*

0.1714*
	0.2591*

0.2612**
	-0.1255

-0.1154

	SBP
	
	
	
	
	
	
	
	
	
	

	rg

rp
	
	
	
	
	1
	0.2332*

0.2311**
	0.39366*

0.3684**
	0.1967*

0.1805*
	0.1663*

0.1657*
	-0.1230

-0.1212

	SNPP
	
	
	
	
	
	
	
	
	
	

	 rg

 rp
	
	
	
	
	
	1
	0.2380*

0.2074*
	0.0437*

0.0452
	0.2816*

0.2795**
	0.0215

0.0223

	SL
	
	
	
	
	
	
	
	
	
	

	rg

rp
	
	
	
	
	
	
	1
	0.2724*

0.2312**
	0.1819*

-0.1593
	0.2377

-0.2208**

	SPP
	
	
	
	
	
	
	
	
	
	

	rg

rp
	
	
	
	
	
	
	
	1
	0.3570*

0.3458**
	0.3172*

0.3031** 

	GYP
	
	
	
	
	
	
	
	
	
	

	rg

rp
	
	
	
	
	
	
	
	
	1
	0.1739*

0.1732*

	TGW
	
	
	
	
	
	
	
	
	
	

	 rg

rp
	  
	
	
	
	
	
	
	
	
	1




Table 4. Genotypic (rg) and phenotypic (rp) correlation.

	Principle components
	Eigen-values
	Proportion of variance
	Cumulative variance

	PC1
	2.612880
	26.12880
	26.1288

	PC2
	1.573859
	15.73859
	41.8674

	PC3
	1.237959
	12.37959
	54.2470

	PC4
	1.151864
	11.51864
	65.7656

	Variables
	Eigen vectors

	
	DNF
	DNM
	PH
	PBP
	SBP
	SNPP
	SL
	SPP
	GYP
	TGW

	PC 1
	0.4829
	0.3715
	-0.6751
	-0.6502
	-0.6447
	-0.4792
	-0.3337
	-0.5854
	-0.4886
	-0.1577

	PC 2
	-0.3047
	-0.5391
	0.0113
	-0.1762
	-0.3907
	-0.2342
	-0.5525
	0.3693
	-0.0421
	0.7129

	PC 3
	-0.4909
	-0.3011
	0.1587
	0.2500
	0.1788
	-0.2483
	-0.1901
	-0.2737
	-0.6696
	-0.4069

	PC 4
	-0.3530
	-0.1252
	-0.4433
	-0.3737
	0.0888
	-0.2703
	0.6254
	0.4273
	-0.0889
	-0.1131


Table 5. Principle components (PCs) among different parameters in mungbean.
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Figure 2. Single linkage cluster (SLC) analysis.
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