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ABSTRACT

Twenty-two genotypes were evaluated for thirteen biometric traits to assess available genetic variability and formulate a selection
strategy for enhancing productivity in urdbean. The analysis of variance revealed significant differences among the genotypes for all
agro-morphological characters, including seed yield under study. VBN 08 is sorted out as a top-yielding (3.95 g/plant) test genotype
among the materials tested. Besides, IC-106-176 and the local land race “Barabanki”also managed to have high yield performance (>3.0
g/plant) almost at par with “Shekhar-2" (3.26 g/plant). All these high-yielding genotypes had shown improved mean performance for
major yield contributing traits viz., pods per plant, seeds per pod, and 100-seed weight. VBN 08 bore longer pods (4.11cm) and bold seeds
(100-seed wt=4.30g) with a maximum number of seeds/pod (6.25). The high Genotypic Coefficient of Variation (GCV) and Phenotypic
Coefficient of Variation (PCV) were displayed by the number of primary branches per plant (PBPP), seed yield per plant, biological yield
per plant, number of clusters per plant and number of pods per plant. The highest estimates of heritability in a broad sense and genetic
gain (% of mean) were exhibited by the number of primary branches per plants followed by seed yield per plant, biological yield per
plant, and pods per plant. A regression equation was shown to be fit to Y (seed yield) = -3.774 + 0.183 (clusters/plant) + 0.487 (pods/
plant) + 0.271 (seeds/pod) + 0.206 (100-seed wt.) + 0.034 (harvest index) to serve as selection model for enhancing seed yield in urdbean.
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INTRODUCTION

Urdbean (Vigna mungo (L.) Hepper, Chromosome
number 2n = 22) is an important pulse crop of rainfed
agriculture in Asia. Urdbean is a good source of calorific value
(341 Kcal), dietary fiber (18.3 g), calcium (138 mg), phosphorous
(379 mg), iron (7.57 mg), easily digestible protein (25.21 g),
essential amino acids and vitamins per 100 g of seeds (Baisakh
et al., 2021). The crop thrives well in marginal lands besides
fortifying nitrogen to the soil by fixing atmospheric N,-fixation
(22.10 N/ha) through root nodules (Kachave et al., 2018) and
also is used as green fodder for cattle. India shares 70% to
global urdbean production. In India, black gram is grown on
47.26 lakh hectares of area, producing 23.63 lakh tonnes and
500 kg/ha in 2018-19 (Kharif pulses prospects-DPD, Bhopal).
Maharashtra, Andhra Pradesh, Madhya Pradesh, Uttar Pradesh,
Tamil Nadu, Karnataka, and Rajasthan are the leading states
for urdbean production. However, India is still behind in
productivity compared to the world average (902 kg/ha), and
as such, urdbean is being imported in large amounts to meet
the demand. The major reason for low productivity is the least
emphasis for breeding and co-ordinated consortium (Ghafoor
et al., 2000), diverting its cultivation in marginal lands, lack of
widely adaptable cultivars, severe sensitivity to abiotic (cold,
salinity, high temperature, waterlogging, and drought) and biotic
(YMV, powdery mildew, and Cercospora leaf spot) stresses. In any
crop improvement program, germplasm plays an important
source of valuable genes. In fact, the crop faces a narrow range
of genetic variation, plausibly due to genetic erosion of landraces
under high selection pressure for the desired trait (seed yield) and
cultivation of a limited number of varieties in the marginal lands
prone to adverse climatic conditions. Nevertheless, the existing
genetic variation is not fully exploited, and there is a vast scope
of geneticimprovementin urdbean for enhancing yield potential.
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High-yielding varieties’ development requires information on
the nature and magnitude of genetic variability present in the
available population, which is a prerequisite to formulating an
effective breeding program. Hence, an attempt was undertaken
to assess the status of genetic variability of agro-morphological
traits and formulate a realistic selection strategy for enhancing
seed yield of urdbean in Indian perspective.

MATERIALS AND METHODS

A field experiment comprising of twenty-two genotypes
including one check variety (Shekhar 2) was laid out in
Randomized Block Design (RBD) with three replications at the
Field Experimentation Centre, Department of Genetics and
Plant Breeding, Naini Agricultural Institute, Sam Higginbottom
University of Agriculture, Technology & Sciences, Prayagraj,
Uttar Pradesh, during Zaid 2021. The genotypes were grown
in the field row to row and plant to plant spacing of 30 cm x10
cmin each plot (1-m?). The recommended package of practices
was followed to raise the crop. The set of genotypes were
assessed for genetic variability based on thirteen biometrical
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traits viz., days to 50% flowering (DF), days to 50% pod setting
(DPS), days to maturity (DM), plant height (PHT)(cm), number
of primary branches per plant (NPB/PL.), number of clusters per
plant (NC/PL), number of pods per plant (NP/PL.), pod length(PL)
(cm), number of seeds per pod(NS/pod), 100-seed weight (g),
harvest index (HI)(%), biological yield per plant (BY/Pl.) (g) and
seed yield per plant(SY/Pl.) (g). The data sets were subjected
to statistical analysis for ANOVA (Analysis of variance) as per
Panse and Sukhatme (1985). Genotypic Coefficient of Variation
(GCV) and Phenotypic Coefficient of Variation (PCV) were
calculated using the standard formula suggested by Burton
(1952) and broad-sense heritability was estimated as per Burton
and Devane (1953). Besides, genetic advance and genetic gain
as a percentage of mean were calculated using the formula
suggested by Johnson et al. (1955).

ResuLts AND Discussion

Analysis of Variance

Analysis of variance revealed significant differences among
the genotypes for all the agro-morphological traits studied
at 1% level of significance except pod length, which turns to
be significant at 5% only (Table 1), indicating a considerable
amount of variability in the present set of materials. Whereas,
block effect was found to be non-significant for all biometric
traits under study except days to 50% flowering, pod length, a
number of seeds/pod, harvest index and seed yield per plant
indicating requirement of blocks to eliminate the appreciable
amount of environmental influence on these traits to judge the
genotypic potential in the materials.

The estimate of the coefficient of variation was less than 5%
for days to 50% flowering, pod setting and to attain maturity; and
around 7-11% for pod length, number of seeds per pod, 100-seed
weight, and harvest index (Table 1) justifying the experimental
precision. Characters viz., plant height, number of primary
branches/plant and number of pods/plant had shown relatively

high coefficient of variation (CV) and higher CV (24-25%) was
recorded for a number of clusters/plant, biological yield/plant
and seed yield/plant suggesting their highly versatile nature of
expression under micro-changes of environment.

Mean performance

Among the test genotypes, UH 10 followed by IC 106-176 and
LBG 20 produced more number of branches per plant (Table 2).
VBN 08 recorded the highest number of clusters/plant (5.07),
followed by IC 106-176. Pods per plant, seeds per pod, and 100-
seed weight reflect direct bearing on seed yield. The genotypes
VBN 08 (15.13) and IC 106 176 (14.46) recorded a higher number
of pods per plant. VBN 08 produced longer pods (4.117cm) and
bold seeds (100-seed weight=4.30 g) with a maximum number
of seeds/pod (6.25). The said genotype, therefore, emerged
as promising with the highest and statistically significant
single plant seed yield (3.95 g) over the grand mean and even
appreciably higher than the standard check “Shekhar 2" (3.26
g). The superiority in seed yield and other yield attributes in
few test genotypes was also reported by Kumar et al. (2018).
Higher number of primary branches and over-all canopy growth
usually reflect high biomass production and biological yield.
Genotypes with efficient partitioning of biomass to sink during
seed filling are known to enhance seed yield potential. In the
present study, seed yield per plant ranged from 0.65g in PBG 107
to as high as 3.95g in VBN 08. Besides, IC 106-176 and the local
land race “Barabanki” had high yield performance (>3.0 g/plant),
almost at par with “Shekhar-2" (3.26 g/plant). VBN 08, IC 106-176
and Barabanki produced higher magnitude of biological yield
coupled with high seed yield. Hence, the above genotypes with
excellent genotypic worth can be utilized in future hybridization
programmes for yield enhancement in genotypes.

Genetic Variability

Variation and selection are the two basic requirements of genetic
improvement in any crop.

Table 1: Analysis of variance for agro-morphological traits among 22 genotypes of urdbean

Mean sum of squares

Replication Treatment Error
SI.No.  Characters (df=2) (df=21) (df=42)
1. Days to 50% flowering 8.770** 15.031%* 0.503
2. Days to 50% pod setting 0.242 12.124** 0.496
3. Days to maturity 0.545 16.569** 0.879
4. Plant height(cm) 1.662 19.519%* 6.198
5. No. of primary branches per plant 0.529 9.000%* 0.374
6. Number of clusters per plant 1.077 1.687** 0.630
7. Number of pods per plant 7.034 15.802%* 3.164
8. Pod length(cm) 0.290* 0.166* 0.084
9. No. of seeds per pod 1.303* 0.820%** 0.311
10. 100-seed weight(g) 0.142 0.472** 0.131
11. Harvest index (%) 66.859* 82.040** 18.793
12. Biological Yield (g) 5.180 8.184** 2.008
13. Seed yield per plant (g) 0.988%** 1.102%* 0.168

* **Significant at Py o5 and Py ;, respectively
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Table 2: Mean performance of 22 urdbean genotypes for agro-morphological biometric traits

Sl DF DPS DM PHT NC NP/ PL NS/ slggd H.l. BY/ SYy/
No  Genotypes (days) (days) (days) (cm) NPB/PI. /Pl Pl. (cm) Pod wt(g) (%) Pl(g) Pl(g)
1. IC-106-176 5133 56.33 7333 2035 4.20 413 1446 3.88 543 4.00 3524 930 3.19
2. AKU-16-03 5167 5733 7433 17.94 3.67 2.66 9.60 3.59 5.00 3.99 3822 511 1.93
3. KU-96-7 51.00 57.00 7333 17.87 3.80 3.33 11.13  3.79 5.22 4.00 4440 5.25 2.35
4. LBG-20 52.00 58.00 74.67 18.88 4.20 3.33 1220 3.76 5.06 3.99 40.04 6.26 2.48
5. LBG-645 49.33 55.33 71.33 16.33 3.00 2.80 10.06 3.73 5.24 3.97 48.66 4.05 1.96
6. PDV-2 5333 5733 7567 16.20 347 2.13 9.30 3.62 497 443 3810 5.23 1.97
7. BARABANKI 5433 5933 76.67 1834 4.03 3.63 1336 4.21 5.89 4.00 3385 974 3.16
8. PLU-1016 53.67 5867 76.00 1538 2.77 3.33 10.70 3.68 4.82 4.01 3444 599 2.08
9. IPU-99-16 5233 5833 7467 1492 2.90 2.27 8.13 3.55 4.80 4.00 40.10 3.88 1.57
10.  VBN-08 56.67 62.00 7867 23.28 3.73 5.07 15.13 4.1 6.25 4.30 4479 8.88 3.95%
11.  UH-10 5133 57.00 7400 16.57 4.67 3.67 1240 3.29 5.53 4.20 41.08 7.34 2.99
12.  IPH-98-1 51.67 5833 7333 13.73 3.13 3.13 11.73  3.65 5.02 3.67 3834 576 2.19
13.  PBG-107 56.00 6133 7867 1288 3.00 1.87 5.60 347 4.40 293 43.78 1.52 0.65
14. NDUK-13-4 56.67 62.67 79.00 21.21 3.97 2.53 7.20 3.47 497 3.63 23.13 563 1.30
15. MU-06 51.33 57.33 73.33 19.41 347 2.70 10.86 347 4.56 4.01 3992 533 2.09
16. JU-2 5133 56.67 73.00 15.02 2.67 293 9.87 347 4.32 3.60 3467 472 1.60
17.  TBG-104 51.67 58.00 74.00 19.35 347 343 1266 343 4.55 3.60 40.04 5.71 2.14
18. IPU-02-43 5133 5733 7333 14.46 3.67 2.87 8.67 3.35 4.51 3.33 4099 3.29 1.31
19.  KU-321 51.67 57.67 7400 18.77 2.70 3.23 1133 3.76 4.39 3.66 4470 5.08 2.30
20. SN-2115 5433 59.67 7733 17.45 2.87 3.97 1246 3.68 533 4.00 3732 7.4 2.68
21.  1C-91-567 5033 56.67 7233 19.21 3.53 240 9.07 3.61 5.1 3.67 42.88 4.25 1.80
22. SHEKHAR2 4767 5433 7000 16.67 340 4.00 10.87 4.11 6.13 4.90 38.84 841 3.26
(Check)
Grand Mean 5230 58.03 7459 1747 347 3.16 10.76  3.67 5,068 3905 39.25 581 2.23
CDy 0506 1.173 1165 1.550 4.117 1.011 1.313 2941 0.481 0.923 0598 7.168 3.306 1.073
SE(m)+ 0409 0407 0.541 1.437 0.353 0.458 1.027 0.168 0322 0.209 2503 1.154 0.374
SE(d) 0.579 0575 0765 2.033 0.499 0.648 1452 0.238 0456 0.295 3540 1.632 0.530
C.V.(%) 1.355 1.214 1.257 14254 17626 25.152 16,52 7.884 1090 9.259 11.04 24391 24.146

*** Significant at P, ;s and Py o;, respectively

Without variation, selection becomes ineffective. Therefore,
knowledge of the extent of genetic variability regarding
various traits and their nature of transmission to the succeeding
generations is indispensable for reliable selection.

A wide range of variation was observed for all the agro-
economic traits, including seed yield per plant. The overall mean
values, range, coefficient of variability, and critical difference
(CD) were estimated and presented in Tables 2 & 3. The variance
estimate may not give helpful information for comparison
among agro-economic traits as it is not unit-free. Hence, the
coefficient of variation, which is expressed in percentage, may be
suitably used for comparison. In the present study, GCV gives an
idea of the heritable component of variability, and it was highest
for a number of primary branches/plant (48.85%), followed by
seed yield per plant (24.97%), biological yield (24.68%), pod
number (19.05%) and cluster number/plant (18.77%) suggesting
wider scope for genetic augmentation in the crop.
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Estimates of GCV and PCV for days to flowering, pod setting,
and maturity followed by pod length, seeds/pod, and 100-seed
weight were negligible or narrow, and hence, selection for such
traits may not be much effective compared to the rest of the
traits, including seed yield per plant. Similarly, Ozukum and
Sharma (2017) revealed sufficient genetic variability to justify
selection for genetic improvement in this crop.

PCV was recorded higher than the GCV irrespective of the
traits under study. However, the deviation was appreciably high
in the case of pod length, number of clusters/plant, number of
seeds/pod, and plant height, indicating significant genotype x
environmental interaction for expression of these traits. These
results are in accordance to the findings of Gowsalya et al. (2016),
Mehra et al. (2016), Mohanlal et al. (2018) and Tank et al. (2018).

Heritability depends on the amount of genetic variation
present in the population and the environmental conditions
the population is evaluated (Allard, 1960).
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Table 3: Estimates of variability parameters and expected genetic advance for 13 Agro-morphological biometric traits in urdbean

Sl. GCV PCV h? GA % of pop.
No. Characters Mean Range (%) (%) (%) GAsy, mean
1. Days to 50% flowering 52.30 47.67-56.67  4.21 4.42 90.59 4.31 8.25
2. Days to 50% pod setting 58.03 54.33-62.67  3.39 3.60 88.66 3.82 6.58
3. Days to maturity 74.59 70.00-79.00 3.06 3.31 85.61 436 5.84
4. Plant height (cm) 17.47 12.88-23.28 12.06 18.67 41.74 2.80 16.05
5. No. of pry. branches /plant 3.47 2.67-4.67 48.85 51.93 88.49 3.28 94.66
6. No. of clusters/ plant 3.16 1.87-5.07 18.77 3133 35.87 0.73 23.15
7. No. of pods/ plant 10.76 5.60-15.13 19.05 25.19 57.11 3.19 29.63
8. Pod length(cm) 3.67 3.29-4.21 447 9.07 24.32 0.17 4.55
9. No. of seeds per pod 5.07 4.32-6.25 8.13 13.67 35.34 0.50 9.95
10. 100-seed weight (g) 3.91 2.93-4.90 8.59 12.60 46.31 0.47 12.04
1. Harvest index (%) 39.25 23.13-48.67  11.69 16.08 52.87 6.87 17.51
12. Biological Yield/Pl.(g) 5.81 1.52-9.74 24.68 34.70 49.38 2.05 35.30
13. Seed yield/ plant (g) 2.23 0.65-3.95 24.97 31.03 64.92 0.93 41.50

Table 4: Regression analysis of yield component traits on seed yield

NC/plant ~ NP/plant  NS/pod 100-seed wt. Harvestindex

Estimates of regression a-value  (X;) X)) (X3 (X)) (Xs)
Standardized partial regression co-efficient(beta value) -3.774 0.183* 0.49%* 0.27%* 0.206** 0.034
SE of partial regression coefficient 0.362 0.090 0.026 0.089 0.100 0.005
t- value of partial regression coefficient -10.44 2.059 6.145 4.270 3.939 0.955

Partial regression equation

Y(Seed yield)=-3.774 + 0.183 X, + 0.487X, + 0.271X; + 0.206X, + 0.034X

*¥* Significant at P ,s and P o,, respectively

The estimate of heritability (broad sense) alone is not used in
predicting the resultant effect for selecting the best individuals
orgenotypes because it includes additive and non-additive gene
effects. High genetic advance occurs only due to additive gene
action (Panse, 1957). So, heritability estimates coupled with the
genetic advance would be more useful than heritability alone.
In the present investigation, heritability ranged from 24.32% for
pod length to 90.59% in case of days to 50% flowering, whereas,
genetic advance expressed as percentage of mean varied from
4.55% in pod length to as high as 94.66% in number of primary
branches/plant (Table 3). Among the characters studied,
number of primary branches/plant exhibited the highest
genetic advance (94.66%) coupled with fairly high heritability
(88.49%), indicating the presence of additive gene action for
the character. So, the selection of genotypes basing on number
of primary branches/plant can be fairly reliable. The finding
corroborates Blessy et al.'s findings (2018) and Mohanlal et al.
(2018). Seed yield per plant, biological yield per plant, number
of pods per plant exhibited moderate heritability (50-65%)
along with moderately high GA (% of mean), suggesting a role
of both additive and non-additive mode of gene action. High
heritability (85.6-90.6%) but with a very low genetic advance
(6-8%) in case of days to flowering, pod setting, and maturity
indicated the preponderance of non-additive gene action
compared to additive mode. On the other hand, pod length
and number of seeds per pod recorded low heritability with low
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genetic advance (% of mean), which envisaged the dominance
and epistatic gene effects in inheritance of such traits and thus
limited the scope for reliable selection of genotypes.

Selection Strategy

The knowledge of genetic variability and imposing a proper
selection strategy is imperative for efficient sampling and
utilization of germplasm. This warrants immediate genotypic
characterization followed by pre-breeding to select valuable
germplasm lines, resulting in a core germplasm collection.
Morphological characterization of germplasm accessions
for yield-related traits is an important step in this regard.
Productivity per seis a complex character. Often, direct selection
based on per se mean grain yield led to missing valuable
breeding materials that otherwise have potential genotypic
worth for some specific traits. Besides, the direct selection based
on mean performance often leads to statistical error and a lack
of precision. While regression analysis of yield component traits
on seed yield could simultaneously establish a basis of selection
based onimportantyield contributing characters. In the present
set of test materials, the partial regression coefficients for the
five most important yield determining traits were worked out
(Table 4) to fit the regression equation Y (Seed yield) = -3.774
+ 0.183 X; + 0.487X, + 0.271X5 + 0.206X, + 0.034X;; where,
X; —represents independent variables, e.g., number of clusters
per plant (X;), number of pods per plant (X,), number of seeds
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per pod (X;), 100-seed weight (X,) and harvest index (Xj).
Regression coefficients of all the above yield contributing
traits were positive and significant, indicating that these have
an appreciable influence on seed yield in urdbean. Further, the
NP/PI. seems to be the major contributing factor, followed by a
number of seeds per pod and 100-seed weight for seed yield
as revealed by the magnitude of partial regression coefficients
(Table 4). Therefore, selection based on such component traits
would enhance productivity in urdbean.

CONCLUSION

VBN 08 followed by IC-106-176 and “Barabanki” (a local land race)
were the most promising genotypes with high yield potential
as compared to standard check “Shekhar 2". The present set of
materials retained a wide range of variations in the number of
primary branches per plant, number of pods per plant, number
of seeds per pod, and seed yield per se. Days to flowering, pod
setting, maturity, and primary branches per plant were highly
heritable in nature compared to seed yield per plant and its
component traits. Genetic advance, a measure of expected
genetic improvement due to the selection, was remarkably
high for number of primary branches per plant, while it was
moderately high for biological yield, seed yield, number of
clusters per plant, and pods/plant. However, a regression
equation formulated in this study considering all important
yield contributing traits could be incredibly helpful for the
realization of high yield potential genotypes through selection
in urdbean breeding.

REFERENCES

Al-Jibouri, H.A., Miller, P.A. and Robinson, H.F. 1958. Genotypic and
environmental variances and covariances in upland cotton crosses
of interspecific origin. Agronomy Journal 50: 633-636.

Allard, R.W. 1960. Principle of Plant Breeding. John Wiley and Sons Inc., New
York, USA.

Baisakh, B.,Tripathy, S.K., Souframanien, J., Swain, D. and Tripathy, P. 2021.
Revealing genetic variation in mini core germplasm of urdbean
(Vignamungo (L.) Hepper). Indian Journal of Biochemistry & Biophysics
58:91-99.

Bishnoi, A., Gupta, P, Meghawa, D.R.and Lal, G.M. 2017. Evaluation of genetic
variability and heritability in blackgram (Vigna mungo (L.) Hepper)
genotypes. Journal of Pharmacognosy and Phytochemistry 6:493-496.

Blessy,V., Naik, B.P. and Yadav, B.N.P. 2018. Studies on genetic variability in
blackgram (Vignamungo (L.) Hepper). Journal of Pharmacognosy and
Phytochemistry 7:1730-1732.

Burton, G.W. 1952. Quantitative inheritance in grasses. Proceedings of 6th
International Grassland Congress 1: 227-283.

Chaithyana, K., Rajesh, S., Suresh, B.G., Kumar, S. and Lal, G.M. 2019.
Assessment of genetic variability parameter in blackgram [Vigna
mungo (L.) Hepper] germplasm. International Journal of Current
Microbiology and Applied Sciences 8:1853-1860.

Dewey, R.D.and Lu, K. H. 1959. A path co-efficient analysis of components of
crested wheat grain seed production. Agronomy Journal 51: 515-518.

Ghafoor, A,, Ahmad,Z. and Sharif, A. 2000. Cluster analysis and correlation in
blackgram germplasm. Pakistan Journal of Biological Sciences 3:836-839.

156

International Journal of Plant and Environment, Volume 7 Issue 2 (2021)

Gowsalya, P., Kumaresan, D., Packiaraj, D. and KannanBapu, J.R. 2016.
Genetic variability and character association for biometrical traits in
blackgram.. Electronic Journal of Plant Breeding 7:317-324.

Hadimani,A., Konda, C.R. and Kulkarni,V. 2019. Correlation and path
coefficient analysis for yield and yield components in blackgram
(Vigna mungo (L.) Hepper). International Journal of Chemical Studies
7:2240-2243.

Johnson, H.W., Robinson,H.F.and Comstock, R.E. 1955. Estimates of genetic
and environmental variability in soybeans. Agronomy Journal 47:
314- 318.

Kachave, R.R., Indulkar, B.S., Vaidya, P.H., Ingole, A.J. and Patil, N.M. 2018.
Effect of phosphorus and PSB on growth, yield and quality of
blackgram (Vigna mungo L.) in inceptisol. International Journal of
Current Microbiology and Applied Science 7: 3359.

Kharif pulses prospects. DPD, Bhopal 2020-21.

Kumar, A., Tiwari, U.K., Singh, A., Jaiswal, S.K. and Sahu, M.P. 2018. To study
the performance of urdbean varieties for yield attributes and yield
under rainfed condition. International Journal of Pure and Applied
Bioscience 6: 413.

Mehra, R, Tikle, A.N., Saxena, A., Munjal, A.and Singh, M. 2016. Correlation,
path-coefficient and genetic diversity in blackgram [Vignamungo (L.)
Hepper]. International Journal of Plant Sciences 7: 1-11.

Mishra, A. and Lavanya, G.R. 2020. Studies on correlation and path
coefficient analysis for quantitative traits in blackgram (Vigna mungo
L. Hepper). International Journal of Current Microbiology and Applied
Sciences 10: 372-381.

Mohanlal,V.A., Saravanan,K. and Sabesan,T. 2018. Studies on genetic
correlation and path coefficient analysis of blackgram (Vigna mungo
[L.] Hepper) genotypes under salinity. Journal of Phytology 10:
09-11.

Ozukum, C.and Sharma, M.B. 2017. Variability among urdbean (Vigna mungo
L. Hepper) for yield and yield components. International Journal of
Research Innovation and Applied Science 2: 26.

Panse, V.G. 1957. Genetics of quantitative characters in relation to plant
breeding. Indian Journal of Genetics 17: 318-328.

PanseV.G. and Sukhatme, PV. 1985. Statistical Methods for Agricultural
Workers. Indian Council of Agricultural Research Publication, New
Delhi, pp. 145.

Parveen, S.I,, Sekhar, M.R., Reddy, D.M. and Sudhakar, P.2011. Correlation and
path coefficient analysis for yield and yield components in blackgram
(Vignamungo(L.)Hepper). International Journal of Applied Biology and
Pharmaceutical Technology 3: 619-625.

Patel, R.V,, Patil, S.S., Patel, S.R. and Jadhayv, B.D. 2014. Genetic variability
and character association in blackgram [Vigna mungo (L.) Hepper]
during Summer. Trends in Biosciences 7: 3795-3798.

Patidar, M. and Sharma, H. 2017. Correlation and path coefficient studies
in blackgram (Vigna mungo (L.) Hepper). Journal of Pharmacognosy
and Phytochemistry 6:1626-1628.

Rajasekhar,D.,, Lal, S.S. and Lal, G.M. 2017.Character association and path
analysis for seed yield and its components in black gram [Vigna
mungo (L.) Hepper]. Plant Archive 17:467-471.

Rolaniya, D.K., Jinjwadiya, M.K., Meghawal, D.R.and Lal, G.M. 2017. Studies on
geneticvariability in blackgram (Vigna mungo L. Hepper) germplasm.
Journal of Pharmacognosy and Phytochemistry 6: 1506-1508.

Sathees, N., Shoba, D., Saravanan, S., Kumari, S.M.P. and Pillai, M.A. 2019.
Studies on genetic variability, association and path coefficient
analysis in blackgram (Vignamungo L. Hepper). International Journal
of Current Microbiology and Applied Sciences 8: 1892-1899.

Tank,H.K., Sharma,P.P., Nagar, K.K., Bairwa, L.L. and Meghawal,D. 2018.
Genetic variability and heritability studies in blackgram [Vigna mungo
(L.) Hepperl. International Journal of Chemical Studies 6: 642-646.



