[bookmark: _Hlk203144496][bookmark: _Hlk203144346][bookmark: _Hlk203221023]Study on Genetic Variability and Trait Evaluation in Blackgram (Vigna mungo (L.) Hepper) Genotypes.

Abstract
Twenty-one genotypes of blackgram were evaluated to study their genetic variability. Using a Randomized Block Design, three replications of the experiment were conducted during the Kharif season in 2024. For each genotype and replication, five randomly selected plants were used to record the thirteen characters: days to 50% flowering, days to 50% pod setting, days to maturity, plant height (cm), number of primary branches, number of clusters per plant, number of pods per plant, pod length (cm), number of seeds per pod, seed index (g), biological yield (g), harvest index, and seed yield per plant (g).  Based on mean performance, the current study concludes that, out of the 21 blackgram genotypes, IC-385718, IC-398744, and IC-393807 had the highest seed yield per plant compared to the control variety Shkher-2. Additionally, it is found that for every character under study, analysis of variance revealed significant variation among the various genotypes. High estimations of GCV and PCV were found for biological yield and the number of pods per plant. Additionally, genetic characteristics showed that days to number of pods per plant and harvest index had strong heritability (broad sense). The number of pods per plant, the seed index, and the harvest index showed a non-significant and positive link with seed yield per plant at both the genotypic and phenotypic levels, according to correlation coefficient analysis. Characteristics such as days to 50% pod setting, plant height, number of major branches per plant, pod length, number of pods per plant, seed index, and biological yield were found to have a direct beneficial impact at both the genotypic and phenotypic levels, according to path coefficient analysis. This suggested that the direct and indirect effects of the aforementioned attributing characters were mostly responsible for seed yield, and that these characters should be prioritized when selecting for blackgram enhancement.	Comment by Shimaa Rashad: The abstract lacks clarity and does not follow a structured format (Background, Objective, Methodology, Key Results, Conclusion).

Include specific numeric results for key traits and a concise conclusion.	Comment by Shimaa Rashad: Move this section to material and methods	Comment by Shimaa Rashad: should be defined at first mention
Keywords: Blackgram, genetic variability, seed yield, seed vigor, heritability, path analysis	Comment by Shimaa Rashad: Capitalize Each Word
Introduction	Comment by Shimaa Rashad: Update references to include recent studies (2020–2024).
Blackgram is referred to as the "king of pulses" because of its taste and several health advantages. It is the most notable pulse of short duration. The majority of its cultivation takes place in India. The urad bean is known as such in this nation[1]. India is where blackgram is believed to have originated [2]. Its scientific classification is Vigna mungo. It belongs to the Fabaceae family and is a diploid grain legume that self-pollinates. The number of chromosomes in somatic cells is 2n = 22.
It is grown for its lysine-rich dry beans, which are a protein typically lacking in cereal grains [3]. Throughout history, pulses have been acknowledged as a main protein source for the poor in India. The biggest grower and user of blackgram in the world is India. One of the most valuable pulses is blackgram. With a significant quantity of digestible protein and little flatulence, it is a good choice since it has a lot of phosphoric acid.  By fixing atmospheric nitrogen through a symbiotic relationship with Rhizobium bacteria that reside in its root nodule, it improves soil fertility as a legume [4].
Blackgram seeds have a high concentration of amino acids, vitamins, and minerals, in addition to protein (25–26%), fat (1.5%), and carbs (60%). It has a comparable protein content to soybeans. Vitamin C, thiamine, riboflavin, and niacin are present in small amounts, whereas vitamins A, B1, and B3 are plentiful. Additionally, blackgrams contain 347 calories for every 100 grams, making them a high-calorie food [5]. 	Comment by Shimaa Rashad: Overly descriptive in some parts (nutritional values) without focusing on the research gap. Not to mention the genetic variability and trait association in blackgram genotypes.
As a result, blackgram is one of the least expensive protein sources for vegetarians. The flowering time of this pulse crop is often between 35 and 60 days after germination, and it reaches full maturity between 65 and 90 days later. It is usually grown as a kharif crop and thrives during both the summer and rabi seasons[6]. Traditional breeding methods have been used by several agricultural research organizations in the past to increase crop yields and productivity [7]. Effective breeding techniques can be developed by comprehending how specific developmental and productive qualities are inherited using genetic parameters such as variance components, genotypic and phenotypic coefficients of variability, heritability, and genetic gain.
The development of selection criteria for the production of high-yielding blackgram genotypes is supported by genetic variability, heritability, and improvement [8].  The purpose of this study was to assess the genetic variety between various blackgram genotypes. 	Comment by Shimaa Rashad: Clearly state why this study is needed and its practical significance in breeding programs
Materials and methods
The 21 genotypes used as experimental material for this study were provided by the National Bureau of Plant Genetic Resources (NBPGR), which is headquartered in New Delhi. The Field Experimentation Centre, Department of Genetics and Plant Breeding, Sam Higginbottom University of Agriculture, Technology, and Sciences, Allahabad, conducted this study during the 2024 kharif using a randomized block design. To record observations on thirteen field-level variables, including plant height (cm), number of primary branches per plant, number of clusters per plant, number of pods per plant, days to 50% flowering, and days to 50% pod setting, five competing plants were randomly selected from each genotype. Utilizing suggested cultural methods, a robust crop was produced. Harvest index (%), number of seeds per pod, number of days to maturity, biological yield per plant (g), seed yield per plant (g), and pod length (cm). The analysis of variance was conducted using the standard methodology. Estimates were made of heritability, genetic progress, and the genotypic and phenotypic coefficients of variation (GCV and PCV). ANOVA, route coefficient analysis with seed yield as the dependent variable, genetic parameter computation (GCV, PCV, heritability, genetic advancement), and phenotypic and genotypic correlation coefficients were among the statistical studies [9].	Comment by Shimaa Rashad: Provide complete details of the experimental site (location, soil type, climate).
Clearly describe experimental design and statistical tools/software used.
Standardize trait names number of pods per plant instead of no. of pods per plant
Table 1. List of 20 genotype of blackgram used in the present experiment	Comment by Shimaa Rashad: Please write a short description about this table, this is not mention on text
	[bookmark: _Hlk203145096]  S. No.
	     GENOTYPES
	   S. No.
	       GENOTYPES

	     1.
	        IC-385718
	     11.
	         IC- 422061

	     2.
	        IC-426495
	     12.
	         IC - 393524

	     3. 
	        IC-410049
	     13.
	         IC -393551

	     4.
	        IC-250256
	     14.
	         IC- 269070

	     5.
	        IC-330861
	     15.
	         IC - 250243

	     6.
	        IC-261173
	     16.
	          IC-330885

	     7.
	        IC-325256
	     17.
	          IC-321654

	     8.
	        IC-331903
	     18.
	          IC-305255

	     9.
	        IC-393807
	     19.
	          IC-334268

	     10.
	        IC-331226 
	     20.
	          IC-389744


                                            21. CHECK: SHEKAR -2
[bookmark: _Hlk203145197]Result and discussion : 
The great potential to enhance these traits, especially seed output, if the material is put through a careful selection process. There may be a lot of variability because the material used came from a variety of sources and the environment might affect the phenotypes. A wide range of variance was shown for all of the traits that were evaluated, as evidenced by the mean values, coefficient of variation (CV), standard error of the mean (Sem+), critical difference (C.D.) at 5% and 1%, and range of 21 genotypes[10].
	
S. No.
	               
                     Traits
	
	Mean sum of squares
	

	
	
	Replication (df = 2)
	Treatment (df = 20)
	Error (df = 40)

	1.
	Days to 50% flowering
	0.587
	1.349**
	0.521

	2.
	Days to 50% Pod setting
	0.333
	0.976**
	0.367

	3.
	Days to Maturity
	3.444
	4.53**
	1.144

	4.
	Number of Primary Branches 
	0.030
	0.116**
	0.010

	5.
	Plant height(cm)
	47.934
	57.521**
	15.978

	6.
	Number of clusters per plant
	1.604
	2.567**
	0.535

	7.
	Number of pods per plant
	4.304
	7.481**
	1.436

	8.
	Number of seeds per pod
	0.019
	0.028**
	0.006

	9.
	Pod length (cm)
	0.016
	0.027**
	0.005

	10.
	Harvest index
	6.580
	13.164**
	2.197

	11.
	Biological yield per Plant
	2.596
	6.76**
	2.253

	12.
	Seed yield per plant(g)
	0.284
	0.225*
	0.110

	13.
	Seed Index
	0.051
	0.069**
	0.017


Table 2. Analysis of variance for 13 quantitative characters of blackgram genotypes.	Comment by Shimaa Rashad: Please write a short description about this table, this is not mention on text


Variability:
The present investigation, the Phenotypic coefficient of variation was higher than the corresponding Genotypic coefficient of variation for all the traits indicating that there was an influence of the environment . Among the 13 quantitative characters, high estimates of GCV and PCV were recorded for harvest index (11.021, 13.944), number of primary branches  (11.572, 13.046), biological yield per plant  (7.690, 12.158) , plant height (6.812,9.997) and  no. of clusters per plant (6.223,8.325). The high estimates of PCV and GCV for these traits suggested the possibility of yield improvement through selection of these traits [11,12].
Heritability:
The present investigation, high heritability values were recorded for no. of primary branches (78.671%), harvest index (62.463%), no. of pods per plant (58.384%), pod length  (57.798%), no . of cluster per plant (55.881%), no. of seeds per pod (54.588%), seed index (51.053%),days to maturity (49.651%), plant height (46.429%) ,biological yield (40.005%) . The high heritability values of the considered traits in the present study indicated that those were less influenced by the environment and thus help in effective selection of the traits based on the phenotypic expression by adopting simple selection method and suggested the scope of genetic improvement [13].
Genetic Advance as a Percentage Mean
The estimation of genetic advance as percent mean is classified as low (<10%), moderate (10 to 20%) and high (>20%)( Singh et al 2020) .In the present study, high estimates of heritability coupled with high genetic advance as percent of mean was observed for no. of primary branches  ( 21.143, 78.671%), harvesting index (17.943,62.463%), biological yield  (10.019, 40.005 %), no. of clusters per plant (9.583, 55.881%), plant height (9.562,46.429%)  and no .of pods per plant(8.503, 58.384%) [14].
[bookmark: _Hlk203145225]  Table 3. genetic parameters for 13 quantitative characters in blackgram genotypes	Comment by Shimaa Rashad: Please write a short description about this table, this is not mention on text

	Trait
	GCV (%)
	PCV (%)
	h2b (%)
	GA @5%
	GAM (%)
	GCV (%)

	Days to 50% flowering
	1.222
	2.075
	34.661
	0.637
	1.482
	1.222

	Days to 50% pod sting
	0.850
	1.423
	35.655
	0.554
	1.045
	0.850

	Days to maturity
	1.335
	1.894
	49.651
	1.542
	1.938
	1.335

	No . of primary branches
	11.572
	13.046
	78.671
	0.343
	21.143
	11.572

	Plant height
	6.812
	9.997
	46.429
	5.223
	9.562
	6.812

	No . of clusters per plant 
	6.223
	8.325
	55.881
	1.267
	9.583
	6.223

	No . of pods per plant
	5.402
	7.070
	58.384
	2.234
	8.503
	5.402

	No .of seeds per pod
	2.060
	2.788
	54.588
	0.131
	3.135
	2.060

	Pod length
	2.019
	2.655
	57.798
	0.133
	3.161
	2.019

	Harvesting index
	11.021
	13.944
	62.463
	3.113
	17.943
	11.021

	Biologycial yield per plant
	7.690
	12.158
	40.005
	1.597
	10.019
	7.690

	Seed yield per plant
	5.380
	10.583
	25.842
	0.205
	5.634
	5.380

	Seed index
	4.165
	5.829
	51.053
	0.195
	6.130
	4.165



Correlation analysis 
At phenotypic level almost all the characters like days to 50% flowering, days to 50% pod setting, days to maturity, plant height, no. of primary branches, no. of clusters per plant, pod length, no. of seeds per pod, no. of pods per plant, harvest index, seed index shows positive correlation and non-significant with seed yield. Biological yield shows negative correlation and non-significant with seed yield [15].
At genotypic level, here also almost all the characters like days to 50% pod setting, plant height, no. of primary branches, no. of clusters per plant, pod length, no. of seeds per pod, no. of pods per plant, harvest index, seed index shows positive correlation and non-significant with seed yield.  Other characters like days to 50% flowering, days to maturity and biological yield shows negative correlation and non-significant with seed yield [16].
The study on inter relation among the yield contributing characters at phenotypic level days to 50% pod setting shows positively correlation & significant with days to maturity (0.544**) and negative correlation, significant with pod length (-0.354**), Number of primary branches per plant shows positive correlation, significant with no. of clusters per plant (0.505**), no. pods per plant (0.598**), biological yield per plant (0.602**) and negative correlation, significant with harvest index (-0.255*). Biological yield is positively correlated and significant with no. of primary branches (0.602**), plant height (0.299*), no. of clusters per plant (0.621**), no. of pods per plants (0.574**)[17] & [18].
The study on inter relation among the yield contributing characters at genotypic levels days to 50% pod setting shows positively correlation & significant with days to maturity (0.541 **) and negative correlation, significant with pod length (-0.370**). Biological yield is positively correlated and significant with no. of primary branches (0.593**), plant height (0.290*), no. of clusters per plant (0.628**), no. of pods per plants (0.585**). Number of primary branches per plant shows positive correlation, significant with no. of clusters per plant (0.508**), no. pods per plant (0.580**), biological yield per plant (0.593**) and negative correlation, significant with harvest index (-0.259*)[19].

	[bookmark: _Hlk203145259]Phenotypic Correlation 

	 
	DFF
	DFPS
	DM
	NPB
	PH
	NCPP
	NPPP
	NSPP
	PL
	HI
	BYPP
	SI
	SYPP

	DFF
	1
	0.2014
	0.0879
	-0.1399
	-0.1946
	-0.0394
	-0.0266
	-0.2073
	0.0252
	0.0595
	-0.0355
	0.1141
	0.0336

	DFPS
	 
	1
	0.544**
	0.0053
	-0.0473
	-0.155
	-0.0759
	-0.2073
	-0.354**
	-0.1513
	0.022
	0.0678
	0.1708

	DM
	 
	 
	1
	0.0437
	-0.0821
	-0.099
	0.046
	-0.1602
	-0.1857
	-0.1103
	0.1363
	0.0906
	0.0219

	NPB
	 
	 
	 
	1
	0.1979
	0.505**
	0.598**
	-0.0907
	-0.1168
	-0.255*
	0.602**
	-0.0685
	0.0483

	PH
	 
	 
	 
	 
	1
	0.307*
	0.1758
	-0.1452
	0.1062
	-0.0016
	0.299*
	0.258*
	0.1427

	NCPP
	 
	 
	 
	 
	 
	1
	0.791**
	0.0969
	0.1549
	-0.1822
	0.621**
	0.1346
	0.1146

	NPPP
	 
	 
	 
	 
	 
	 
	1
	0.1529
	0.1742
	-0.1674
	0.574**
	0.1106
	0.2255

	NSPP
	 
	 
	 
	 
	 
	 
	 
	1
	0.275*
	-0.0462
	0.008
	-0.0663
	0.0274

	PL
	 
	 
	 
	 
	 
	 
	 
	 
	1
	0.18
	0.1241
	0.114
	0.1937

	HI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	-0.1489
	-0.2044
	0.2019

	BYPP
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	-0.0034
	-0.0033

	SI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	0.2334

	SYPP
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1


[bookmark: _Hlk203145293]            Table 4.Correlation coefficient between yield and its attributing traits in 21 blackgram genotypes at phenotypic level	Comment by Shimaa Rashad: Please write a short description about this table, this is not mention on text

[bookmark: _Hlk203145395][Abbreviations: DFF: Days to 50% flowering, DFPS: Days to 50% pod setting, DM: Days to maturity, PH: Plant height (cm), NPBP: Number of primary branches per plant, NCPP: Number of clusters per plant, NPPP: Number of pods per plant, PL: Pod length (cm),  NSPP: Number of seeds per pod, BYPP: Biological Yield per plant  (g), HI: Harvest index (%),SI: Seed index (g),  SYPP: Seed yield per plant (g)]   *** at 5% and 1% Level of Significance*
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	DFF
	DFPS
	DM
	NPB
	PH
	NCPP
	NPPP
	NSPP
	PL
	HI
	BYPP
	SI
	SYPP

	DFF
	1
	0.2167
	0.1124
	-0.1442
	-0.1677
	-0.0215
	0.0033
	-0.2322
	-0.0068
	0.036
	-0.0148
	0.1285
	-0.0051

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DFPS
	 
	1
	0.541**
	0.0069
	-0.0401
	-0.1269
	-0.0461
	-0.2287
	-0.370**
	-0.172
	0.0421
	0.0705
	0.1358

	DM
	 
	 
	1
	0.016
	-0.0318
	-0.0978
	0.0689
	-0.1856
	-0.2112
	-0.1144
	0.1447
	0.1305
	-0.0277

	NPB
	 
	 
	 
	1
	0.1588
	0.508**
	0.580**
	-0.0823
	-0.1058
	-0.259*
	0.593**
	-0.0969
	0.0636

	PH
	 
	 
	 
	 
	1
	0.273*
	0.1789
	-0.1583
	0.0791
	0.0048
	0.290*
	0.294*
	0.0966

	NCPP
	 
	 
	 
	 
	 
	1
	0.791**
	0.065
	0.1241
	-0.2126
	0.628**
	0.1096
	0.0902

	NPPP
	 
	 
	 
	 
	 
	 
	1
	0.1056
	0.1282
	-0.1961
	0.585**
	0.1159
	0.1717

	NSPP
	 
	 
	 
	 
	 
	 
	 
	1
	0.306*
	-0.0113
	-0.0213
	-0.082
	0.0745

	PL
	 
	 
	 
	 
	 
	 
	 
	 
	1
	0.2034
	0.093
	0.0881
	0.2318

	HI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	-0.1725
	-0.1894
	0.2207

	BYPP
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	-0.0019
	-0.031

	SI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	0.1848

	SYPP
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1


[bookmark: _Hlk203146014]Table 5. Correlation coefficient between yield and its attributing traits in 21 blackgram genotypes at Genotypic level	Comment by Shimaa Rashad: Please write a short description about this table, this is not mention on text

[bookmark: _Hlk203145946][Abbreviations: DFF: Days to 50% flowering, DFPS: Days to 50% pod setting, DM: Days to maturity, PH: Plant height (cm), NPBP: Number of primary branches per plant, NCPP: Number of clusters per plant, NPPP: Number of pods per plant, PL: Pod length (cm),  NSPP: Number of seeds per pod, BYPP: Biological Yield per plant  (g), HI: Harvest index (%),SI: Seed index (g),  SYPP: Seed yield per plant (g)]*,** at 5% and 1% Level of Significance

[bookmark: _Hlk203146041]Path analysis 
1. Phenotypic Level
At the phenotypic level, the harvest index (0.3001) once again had the most positive direct effect on seed production, underscoring its importance as a key selection factor for yield improvement. Next in line were the number of pods per plant (0.3395) and days to 50% pod setting (0.3733), suggesting that these traits are not only genetically significant but also consistently show their influence in the field[20]. 
Other significant factors that positively impacted seed yield were plant height (0.0702), number of seeds per pod (0.0253), number of principal branches per plant (0.1086), seed index (0.222), and pod length (0.2026). The direct relationship between these attributes and yield components such seed size, number of reproductive sites, and canopy structure supports their utility[21].
However, traits such as biological yield per plant (-0.2246), days to maturity (-0.1118), number of clusters per plant (-0.0551), and days to 50% flowering (-0.047) showed negative direct effects on seed yield at the phenotypic level as well. This finding supports the conclusion that genotypes with early flowering and maturity, along with effective biomass partitioning (i.e., high harvest index), are generally more productive under the current environmental and management conditions [22].
Genotypic Level
The harvest index showed the greatest positive direct influence (0.371) on seed yield at the genotypic level, indicating its critical role in assessing yield potential. The effectiveness of assimilate partitioning from vegetative sections to the reproductive sink, or seeds, is shown by this significant direct contribution. It suggests that selection according to the harvest index would probably lead to a notable increase in seed yield [23]. 
Indicating that plants that start pod setting at the proper time—neither too early nor too late—can contribute to increased seed yield, probably as a result of better synchronization of reproductive development with favorable environmental conditions, days to 50% pod setting (0.3987) also demonstrated a significant positive direct effect [24].
Pod length (0.265), seed index (0.2122), number of pods per plant (0.2112), and number of major branches per plant (0.208) were other traits that shown moderate to high positive direct effects. These traits are highly correlated with the reproductive efficiency of the plant, indicating that they enhance seed size, pod development, and plant architecture, all of which lead to higher production [25]. 
Likewise, there were minor but positive impacts on seed yield from plant height (0.0197), number of clusters per plant (0.0203), and number of seeds per pod (0.0545). Even though their individual effects were smaller, their combined contribution could still be significant when considered in a multivariate selection method [26].
In contrast, biological yield per plant (-0.2626) showed a considerable negative direct effect on seed yield. In this instance, a negative direct effect implies that excessive vegetative growth could not transfer into proportionate economic output unless combined with a high harvest index, despite the fact that biological yield is frequently positively associated with total plant growth. Days to 50% flowering (-0.0711) and days to maturity (-0.138) also demonstrated negative direct effects, suggesting that early maturing genotypes are more advantageous in the conditions under study, perhaps as a result of their avoidance of terminal stresses and better alignment with the agro-climatic window [27].

	[bookmark: _Hlk203146075]Phenotypic Path Matrix

	 
	DFF
	DFPS
	DM
	NPB
	PH
	NCPP
	NPPP
	NSPP
	PL
	HI
	BYPP
	SI
	SYPP

	DFF
	-0.047
	-0.0095
	-0.0041
	0.0066
	0.0092
	0.0019
	0.0013
	0.0098
	-0.0012
	-0.0028
	0.0017
	-0.0054
	0.0336

	DFPS
	0.0752
	0.3733
	0.2031
	0.002
	-0.0176
	-0.0579
	-0.0283
	-0.0774
	-0.1322
	-0.0565
	0.0082
	0.0253
	0.1708

	DM
	-0.0098
	-0.0608
	-0.1118
	-0.0049
	0.0092
	0.0111
	-0.0051
	0.0179
	0.0208
	0.0123
	-0.0152
	-0.0101
	0.0219

	NPB
	-0.0152
	0.0006
	0.0047
	0.1086
	0.0215
	0.0549
	0.0649
	-0.0098
	-0.0127
	-0.0277
	0.0654
	-0.0074
	0.0483

	PH
	-0.0137
	-0.0033
	-0.0058
	0.0139
	0.0702
	0.0215
	0.0123
	-0.0102
	0.0075
	-0.0001
	0.021
	0.0181
	0.1427

	NCPP
	0.0022
	0.0085
	0.0055
	-0.0279
	-0.0169
	-0.0551
	-0.0436
	-0.0053
	-0.0085
	0.01
	-0.0342
	-0.0074
	0.1146

	NPPP
	-0.009
	-0.0258
	0.0156
	0.2029
	0.0597
	0.2686
	0.3395
	0.0519
	0.0591
	-0.0568
	0.1947
	0.0375
	0.2255

	NSPP
	-0.0052
	-0.0052
	-0.004
	-0.0023
	-0.0037
	0.0024
	0.0039
	0.0253
	0.007
	-0.0012
	0.0002
	-0.0017
	0.0274

	PL
	0.0051
	-0.0717
	-0.0376
	-0.0237
	0.0215
	0.0314
	0.0353
	0.0558
	0.2026
	0.0365
	0.0251
	0.0231
	0.1937

	HI
	0.0179
	-0.0454
	-0.0331
	-0.0766
	-0.0005
	-0.0547
	-0.0502
	-0.0139
	0.054
	0.3001
	-0.0447
	-0.0613
	0.2019

	BYPP
	0.008
	-0.0049
	-0.0306
	-0.1352
	-0.0671
	-0.1394
	-0.1288
	-0.0018
	-0.0279
	0.0334
	-0.2246
	0.0008
	-0.0033

	SI
	0.0253
	0.015
	0.0201
	-0.0152
	0.0573
	0.0299
	0.0245
	-0.0147
	0.0253
	-0.0454
	-0.0008
	0.222
	0.2334

	SYPP
	0.0336
	0.1708
	0.0219
	0.0483
	0.1427
	0.1146
	0.2255
	0.0274
	0.1937
	0.2019
	-0.0033
	0.2334
	 


Table 6. Direct and Indirect effects of yield attributing traits on seed yield at phenotypic level	Comment by Shimaa Rashad: Please write a short description about this table, this is not mention on text

















[Abbreviations: DFF: Days to 50% flowering, DFPS: Days to 50% pod setting, DM: Days to maturity, PH: Plant height (cm), NPBP: Number of primary branches per plant, NCPP: Number of clusters per plant, NPPP: Number of pods per plant, PL: Pod length (cm),  NSPP: Number of seeds per pod, BYPP: Biological Yield per plant  (g), HI: Harvest index (%),SI: Seed index (g),  SYPP: Seed yield per plant (g)]*,** at 5% and 1% Level of Significance 

[bookmark: _Hlk203146236]Table 7. Direct and Indirect effects of yield attributing traits on seed yield at genotypic level	Comment by Shimaa Rashad: Please write a short description about this table, this is not mention on text



	Genotypic Path Matrix

	 
	DFF
	DFPS
	DM
	NPB
	PH
	NCPP
	NPPP
	NSPP
	PL
	HI
	BYPP
	SI
	SYPP

	DFF
	-0.0711
	-0.0154
	-0.008
	0.0103
	0.0119
	0.0015
	-0.0002
	0.0165
	0.0005
	-0.0026
	0.001
	-0.0091
	-0.0051

	DFPS
	0.0864
	0.3987
	0.2157
	0.0028
	-0.016
	-0.0506
	-0.0184
	-0.0912
	-0.1475
	-0.0686
	0.0168
	0.0281
	0.1358

	DM
	-0.0155
	-0.0747
	-0.138
	-0.0022
	0.0044
	0.0135
	-0.0095
	0.0256
	0.0291
	0.0158
	-0.02
	-0.018
	-0.0277

	NPB
	-0.03
	0.0014
	0.0033
	0.208
	0.033
	0.1057
	0.1206
	-0.0171
	-0.022
	-0.0538
	0.1234
	-0.0202
	0.0636

	PH
	-0.0033
	-0.0008
	-0.0006
	0.0031
	0.0197
	0.0054
	0.0035
	-0.0031
	0.0016
	0.0001
	0.0057
	0.0058
	0.0966

	NCPP
	-0.0004
	-0.0026
	-0.002
	0.0103
	0.0055
	0.0203
	0.016
	0.0013
	0.0025
	-0.0043
	0.0127
	0.0022
	0.0902

	NPPP
	0.0007
	-0.0097
	0.0146
	0.1224
	0.0378
	0.167
	0.2112
	0.0223
	0.0271
	-0.0414
	0.1236
	0.0245
	0.1717

	NSPP
	-0.0127
	-0.0125
	-0.0101
	-0.0045
	-0.0086
	0.0035
	0.0058
	0.0545
	0.0167
	-0.0006
	-0.0012
	-0.0045
	0.0745

	PL
	-0.0018
	-0.098
	-0.056
	-0.028
	0.021
	0.0329
	0.034
	0.081
	0.265
	0.0539
	0.0246
	0.0234
	0.2318

	HI
	0.0114
	-0.0546
	-0.0363
	-0.0821
	0.0015
	-0.0674
	-0.0622
	-0.0036
	0.0645
	0.3171
	-0.0547
	-0.0601
	0.2207

	BYPP
	0.0039
	-0.0111
	-0.038
	-0.1558
	-0.0761
	-0.1648
	-0.1536
	0.0056
	-0.0244
	0.0453
	-0.2626
	0.0005
	-0.031

	SI
	0.0273
	0.015
	0.0277
	-0.0206
	0.0624
	0.0233
	0.0246
	-0.0174
	0.0187
	-0.0402
	-0.0004
	0.2122
	0.1848

	SYPP
	-0.0051
	0.1358
	-0.0277
	0.0636
	0.0966
	0.0902
	0.1717
	0.0745
	0.2318
	0.2207
	-0.031
	0.1848
	 


[Abbreviations: DFF: Days to 50% flowering, DFPS: Days to 50% pod setting, DM: Days to maturity, PH: Plant height (cm), NPBP: Number of primary branches per plant, NCPP: Number of clusters per plant, NPPP: Number of pods per plant, PL: Pod length (cm),  NSPP: Number of seeds per pod, BYPP: Biological Yield per plant  (g), HI: Harvest index (%),SI: Seed index (g),  SYPP: Seed yield per plant (g)]. *** at 5% and 1% Level of Significance 
[bookmark: _Hlk203146275]Conclusion
Significant genetic variability was found for all yield characteristics in the current investigation of 21 blackgram genotypes, suggesting the possibility of genetic improvement through selection. High genotypic and phenotypic coefficients of variation, high heritability, and strong genetic advancement as a percentage of mean were demonstrated by traits including the number of primary branches, harvest index, biological yield per plant, and seedling index. These characteristics are trustworthy markers for efficient selection since they imply the dominance of additive gene activity. According to correlation study, biological yield, harvest index, and number of clusters per plant all showed significant and favorable genotypic associations with seed yield per plant. The significance of these features in selection techniques was further supported by route coefficient analysis, which verified their large direct contributions to seed yield.	Comment by Shimaa Rashad: Currently vague and generic. Summarize key findings with emphasis on practical recommendations for breeders
On the basis of mean performance, the highest seed yield per plant was observed for blackgram genotypes IC – 331226(3.453g), IC-389744(3.397g), IC-250356(3.13%), IC – 410049 & IC -305255(3.280g), IC – 334268(3.273) were found superior in seed yield.
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