Assess the magnitude of genetic diversity in advance breeding line of
Mungbean with respecttoseedyield andcomponenttraits

Abstract

The study was conducted across four distinct environments in Madhya Pradesh during the
2021 kharif season, utilizing a Randomized Complete Block Design involving fourteen
Mungbean genotypes with three replications. Examination of genetic parameters unveiled
a notable pattern: the phenotypic coefficient of variation (PCV) consistently exceeded the
genotypic coefficient of variation (GCV) across all observed traitsof particular interest
were the traits demonstrating the highest PCV and GCV values, notably seed yield per
plant in E2 followed by biological yield per plant in E1. These findings strongly suggest
the prevalence of additive gene action influencing these traits, as indicated by their high
heritability estimates. The traits with the highest heritability values were seed yield per
plant in E3 and E4, biological yield per plant in E2 and E4, and number of pods per plant
in E1. These results underscore the genetic basis underlying these traits and their potential
for targeted breeding efforts.Cluster | was the largest among all the clusters comprising 8
genotypes, whereas cluster 1l had 5 genotypes. While the clusters Il were solitarycluster
consisting one genotype only. Cluster |1 showed maximum intra cluster D? value, whereas
clusters 111 showed zero value for Intra cluster distance.The highest inter cluster
divergence was observed between genotypes of cluster Il and Ill. The percent contribution
of individual characters toward the total divergence was found high for Harvest index,
whereas Number of primary branches showed low percentage of contribution
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Introduction

Mungbean, scientifically known as Vigna radiata (L.) R. Wilczek var radiata, is a
legume from the Fabaceae family. With a chromosome count of 2n = 22 and a compact 579
Mb genome, it goes by various names like green gram, moong, green soy, green bean, mash
bean, and golden gram (Rahangdale et al., 2023). This crop, thriving in tropical and
subtropical regions, stands as a significant food and cash crop. Its seeds offer easily digestible
dietary protein, with an ideal daily intake of about 40 grams per person or 14.6 kg annually
(Afroz et al., 2022).

The protein content in green gram surpasses that of cereals by two to three times,
comprising 51 percent carbohydrates, 26 percent protein, and 4 percent each of minerals and
essential vitamins like A, B1, B2, C, niacin, folate, iron, calcium, and zinc. This nutrient
profile complements and diversifies cereal-based diets effectively.

Mungbean has gained importance in double and intercropping systems due to its short
growing cycle and nitrogen-fixing capabilities (58-109 kg—1ha—1), which significantly
enhance soil fertility (Haeften et al., 2023). Its agronomic, nutritional, and economic
advantages have led to a substantial surge in both production and consumer demand
worldwide over the last two decades.



Globally, Mungbean cultivation spans various latitudes and seasons, occupying over 6
million hectares. In the context of pulses in India, which covers 28.79 million hectares with a
production of 25.46 million tonnes and a productivity rate of 885 Kg per hectare, Mungbean
covers 5.55 million hectares, yielding 3.17 million tonnes at a productivity rate of 570 Kg per
hectare (Anonymous, 2022-23). Notably, its production has escalated from 1.60 million
tonnes in 2015-16 to 3.17 million tonnes in 2021-22. Rajasthan, Maharashtra, Karnataka,
Andhra Pradesh, and Madhya Pradesh stand out as key Mungbean cultivating states. Among
these, Madhya Pradesh contributes 938.10 hectares, 1134.52 tonnes, and 1209 Kg per hectare
in terms of area, production, and productivity, respectively.

Enhancing the genetic traits of this crop primarily relies on understanding genetic
variability and heritability factors. Analyzing parameters like phenotypic and genotypic
coefficients of variability, genetic advance, and heritability (Afroz et al., 2022) becomes
imperative. This knowledge aids in pinpointing the most favorable yield attributes for
selection or hybridization, laying the foundation for effective crop improvement.

Geneticdiversity is an important factor and also a prerequisitein any hybridization
programme. Inclusionof diverse parents in hybridization programme servesthe purpose of
combining desirable recombinations.Multivariate analysis by means ofMahalanobis D?
statistic is a powerful tool inquantifying the degree of divergence at genotypiclevel.

Material and Methods

The study took place in the experimental areas of the All India Coordinated Research
Project on MULLaRP across four diverse environments in Madhya Pradesh (R.A.K. College
of Agriculture, Sehore; K.\V.K, Barwani; K.V.K, Jhabhua; and College of Agriculture,
Gwalior) during the 2021 Kharif season. Fourteen different mungbean genotypes were
cultivated using a Randomized Complete Block Design with three replications. The crop
rows spanned 4 meters in length, with a spacing of 30 cm between rows and 10 cm between
plants. The fields exhibited uniformity, gentle slopes, proper drainage, and normal fertility
levels, where all recommended agronomic practices were implemented to foster a robust
crop.

Data collection involved observing five randomly selected plants within each plot.
These observations encompassed various characteristics such as days to 50% flowering, days
to maturity, plant height, number of branches per plant, number of pods per plant, pod length,
number of seeds per pod, 100-seed weight, biological yield per plant, seed yield per plant,
and harvest index.

Analysis of variance followed the methodology outlined by Burton (1952), while the
estimation of range was conducted based on Johnson et al.'s method (1955). The Phenotypic
Coefficient of Variation (PCV) and Genotypic Coefficient of Variation (GCV) were
calculated using Burton's formula (1952). Heritability was determined using Allard's formula
(1960), and genetic advance was calculated as a percentage using Johnson et al.'s formula
(1955).The data were subjected toMahalanobis D? statistics as per Mahalonobis



(2018)method and genotypes were grouped into differentclusters following Toucher's method
as suggested byRao (1952).

Results and Discussion

Results of the present study on fourteen genotypes were done to understand the
genetic diversity. The experimental results of the present investigation have been mentioned
under following:

Analysis of variance:

The analysis of variance highlighted significant differences among genotypes across
most traits, with exceptions noted in specific environments for traits like days to maturity in
E3, plant height in E3 and E4, and the number of primary branches and seeds per pod across
all environments. When pooling data across environments, significant differences among
genotypes were observed for most traits, except for the number of primary branches and seeds
per pod, where highly significant differences in mean sum of squares were evident, likely due
to minimal genotype x environment interaction for these specific traits within the studied
material(Table 1). These findings align with previous research by Sopan et al. (2018) and
Mwangi et al. (2021).

Tablel: -Analysis of variance for ten various characters in mungbean

Source of - Mean Squares -
Variations df Days to 50% flowering Days to maturity

El E2 E3 E4 POE El E2 E3 E4 POE
Replicate | 2 | 1.88 1.45 350 | 457 | 8.73 6.02 | 13.02 | 0.73 7.73 7.06
Genotypes | 13| 9.83* | 6.85* | 8.11* | 6.79* | 20.67* | 8.60* | 13.42* | 10.30 | 12.08* | 16.11*
Error 26| 3.31 2.01 155 | 157 | 0.88 294 | 415 | 6.02 2.68 2.23
Source of Mean Squares _
Variations df No. of pods/plant No. of primary branches.

El E2 E3 E4 POE El | E2 | E3 | E4 POE
Replicate | 2 | 0.16 8.00 1850 | 5.42 8.32 0.73 | 0.28 | 0.30| 0.30 0.18
Genotypes | 13 | 36.19* | 25.57* | 41.15* | 7.87* | 199.21* | 0.71 | 1.51| 0.72| 1.86 17.45
Error 26| 5.80 4.25 6.98 1.76 7.92 0.50 | 0.90| 0.54| 1.15 0.48
Source of _ Mean Squares

. df Plant height No. of seeds per pod
Variations
El E2 E3 E4 POE El E2 | E3 | E4 | POE

Replicate | 2 1.59 0.28 1.73 | 8.00 7.52 0.73 | 0.21 | 0.28 | 0.16| 0.25
Genotypes | 13| 58.45* 83.03* | 1479 | 7.42 | 140.84* | 1.12 | 0.58 | 1.06 | 1.06 | 15.94
Error 26 22.26 18.33 7.96 | 553 1.36 0.66 | 0.39 | 0.61 | 0.83| 0.38
Source of _ _ _ Mean Squares _
Variations df Biological yield per plant Harvest index

El E2 E3 E4 POE El E2 E3 E4 POE
Replicate | 2 | 1.28 | 3.50 | 507 | 342 130 | 26.84 | 7.94 |1893| 28.48 | 18.72




Genotypes | 13 | 38.85* | 43.40* | 28.61* | 29.47* | 82.00* | 30.42* | 31.65* | 141.5| 32.14* | 161.57*
Error 26| 2.67 | 265 | 249 | 324 | 399 | 11.23 | 1454 |12.22| 10.08 | 25.16
Mean Squares

322;2?0(:; af 100 seed weight Seed yield per plant

El E2 E3 E4 POE El E2 E3 E4 POE
Replicate | 2 0.02 0.38 0.10 | 0.04 | 0.06 | 039 | 0.009 | 0.08 | 0.17 | 0.11
Genotypes | 13| 0.18* 0.16* | 0.20* | 0.24* | 5.99* | 2.02* | 3.90* | 2.64* | 1.02* | 15.06*
Error 26 0.02 0.04 005 | 0.02 | 005 | 0.12 | 0.24 | 0.12 | 0.06 | 0.17

Parameters of genetic variability:

The genetic variability parameters namely phenotypic coefficient of variation (PCV),
genetic coefficient of variation (GCV), heritability in broad sense (%), genetic advance and
expected genetic advance (as per cent of mean) for all ten traits were Estimated and have
been presented in Table 2.

Phenotypic coefficient of variation (PCV),genetic coefficient of variation (GCV)

In this study, the phenotypic coefficient of variation (PCV) consistently surpassed the
genotypic coefficient of variation (GCV) across all traits analysed. The traits with the highest
PCV and GCV were seed yield per plant in E2 (31.36, 28.58) followed by biological yield per
plant in E1 (27.41, 24.80). Moderate PCV and GCV values were observed for biological yield
per plant in E4 (19.35 for PCV) followed by number of primary branches in E4 (16.15) and
harvest index in E3 (14.61). For GCV, notable values were recorded for seed yield per plant
in E4 (18.29), biological yield per plant in E3 (17.06), and number of pods per plant in E1
(16.42).

The traits with the lowest PCV were number of pods per plant in E4 (9.64), followed
by 100 seed weight (8.39), and days to maturity in E1 (3.41). As for GCV, the lowest values
were observed for plant height in E4 (1.31), number of primary branches in E1 (3.93), and
plant height in E2 (8.02).

These results suggest that selecting traits with higher PCV and GCV for further
breeding efforts could be more effective. These findings align with previous research by
Nitesh et al. (2017) for seed yield per plant, harvest index, and number of pods per plant,
Tusharkumar et al. (2019) and Mariyammal et al. (2019) for seed vyield per plant,
Ramakrishnan et al. (2018), Zida et al. (2021), and Sineka et al. (2021) for number of pods
per plant.

Heritability (broad sense) and genetic advance.

Heritability, indicating the inheritance of traits from parents to offspring, aids breeders
in selecting superior genotypes. Higher heritability suggests traits less influenced by the
environment and primarily controlled by additive genetic effects. Robinson et al. (1949)
categorized heritability into high (>60%), moderate (30-60%), and low (<30%). In this study,
seed yield per plant displayed the highest heritability in E3 (97.32) and E4 (92.95), followed
by biological yield per plant in E2 (88.66) and E4 (87.91), and number of pods per plant in E1




(63.66). Moderate heritability was noted for days to 50% flowering in E1 (59.59) and plant
height in E3 (47.21) (Table 2).

Genetic advance, influenced by selection intensity, heritability, and phenotypic
standard deviation, ranged from 0.12 to 4.98 across environments. The highest genetic
advance was seen in biological yield per plant in E2 (10.52) and number of pods per plant in
E3 (11.55), while the lowest was observed in 100 seed weight in E2 (0.65). Other traits had
genetic advance values around 7.19 (biological yield per plant in E4), 9.59 (plant height in
E1), 7.35 (harvest index in E4), 4.77 (days to 50% flowering in E3), 1.70 (seed yield per plant
in E4), and 0.95 (number of primary branches in E4) (Table 2). These findings align with
previous research by Aparna et al. (2015) highlighting high heritability and low genetic
advance for days to 50% flowering and traits like biological yield per plant and number of
pods per plant, as observed by Malli et al. (2018) and Sineka et al. (2021).

Table 2: - Estimates of genetic parameters for 10 different characters of mungbean

genotypes.

Sr. i Range ooy | acy Gtgne C(Sjen.A

nviro h2 ic VvV as

Noj Characters | nment | M0 mini | Maxi | () | () | 4% | adva | 9of
sense)

nce | Mean

El 41.95 39.00 | 45.00 558 | 3.52 59.59 | 3.93 | 9.37

Daysto50%f E2 40.45 38.66 | 43.00 470 | 3.14 67.43 | 359 | 8.88

1 lowering E3 41.92 39.00 | 44.00 461 | 353 7851 | 4.77 | 11.38

E4 41.42 39.00 | 43.66 439 | 3.18 7255 | 405 | 9.78

POE 41.44 39.75 | 43.75 485 | 275 65.16 2.77 6.68

El 64.28 62.00 | 69.00 341 | 214 | 59.07 | 3.65 | 5.68

Daystomatu E2 65.47 62.00 | 68.33 411 | 2.69 62.67 | 483 | 7.38

2 | rity E3 65.61 63.00 | 69.33 415 | 1.82 59.16 | 2.25 | 3.43

E4 65.45 61.00 | 67.66 368 | 2.70 73.82 | 545 | 8.33

POE 65.20 62.00 | 68.25 386 | 1.95 60.64 | 275 | 4.22

El 19.38 13.00 | 25.00 | 2059 |16.42 63.56 | 10.55 | 54.44

No.ofpodsp E2 21.14 17.33 | 26.00 | 1594 | 1261 | 6254 | 8.79 | 41.58

3 | erplant E3 24.35 20.00 | 31.66 | 1759 | 13.86 | 6198 | 11.05| 45.38

E4 20.21 16.00 | 22.66 9.64 | 7.06 53.63 | 4.41 | 21.82

POE 21.27 18.25 | 23.75 | 1653| 7.25 55.64 | 2.89 | 13.59

El 6.62 6.00 | 7.00 11.45| 3.93 56.83 | 047 | 7.10

No.ofprimar E2 6.64 6.00 | 8.00 15.82| 6.79 63.39 | 0.91 | 13.70

4 | ybranchespe E3 5.74 466 | 6.66 1352 | 4.35 50.28 | 0.45 | 7.84

r plant E4 7.31 6.00 | 8.00 16.15| 6.68 62.07 | 0.95 | 13.00

POE 6.58 591 | 7.25 1457 | 355 66.98 | 0.35 | 5.32

El 57.05 49.33 | 63.33 | 10.27| 6.09 60.15 | 8.59 | 15.06

Plantheight( E2 57.93 50.33 | 64.66 | 10.90| 8.02 79.05 | 14.17 | 24.46

5 |cm) E3 60.69 55.33 | 65.00 527 | 2.49 4721 | 3.03 | 4.99

E4 60.50 56.00 | 62.66 410 | 131 40.18 | 1.15 | 1.90

POE 59.04 53.91 | 62.08 8.06 | 3.80 57.24 | 447 | 757

6 No.ofseedsp El 10.33 9.00 | 11.33 874 | 3.82 | 49.09 | 0.83 | 8.03

erpod E2 9.57 9.00 | 10.33 | 7.07 2.65 4397 | 051 | 5.33




E3 971 | 866 | 1066 | 902 | 399 | 4951 | 0.81 | 8.34

E4 883 | 8.00 | 10.00 | 1080| 3.14 | 43.46 | 0.45 | 5.10

POE 961 | 9.00 | 1033 | 894 | 383 | 4827 | 0.75 | 7.80

- logicalvi |_EL 1400 | 10.73 | 2060 | 2741| 2480 | 86.83 | 9.82 | 70.11
eBI'dOpgrQF:IC:n{(' E2 1642 | 12.00 | 23.66 | 2452| 2244 | 88.66 | 1052 | 64.07

7| gm) E3 1729 | 1266 | 21.83 | 19.35| 17.06 | 82.73 | 8.14 | 47.05
E4 1571 | 12.00 | 23.00 | 2203| 1882 | 87.91 | 7.91 | 50.35

POE 1585 | 12.40 | 22.23 | 2320| 1881 | 84.62 | 10.07 | 63.53

El 2148 | 17.40 | 2850 | 1954| 11.77 | 71.28 | 6.37 | 29.66

Harvest E2 2331 | 17.83 | 29.70 | 1929 1024 | 63.18 | 533 | 22.87

8 |index (%) E3 2454 | 1873 | 26.96 | 1461| 327 | 4005 | 0.83 | 3.38
E4 2010 | 15.96 | 26.73 | 20.76| 1349 | 77.16 | 7.35 | 36.57

POE 2236 | 18.96 | 26.31 | 1846 | 806 | 60.07 | 3.35 | 14.98

El 2.96 256 | 336 | 966 | 7.74. | 7463 | 085 | 28.72

100seedwei | E2 351 326 | 393 | 839 | 564 | 5583 | 0.65 | 18.52

9 | ght(gm) E3 2.95 240 | 353 | 1168| 886 | 67.98 | 0.93 | 31.53
E4 2.60 216 | 3.00 | 1220| 1043 | 83.27 | 1.05 | 40.38

POE 3.01 271 | 325 | 1036| 530| 67.22 | 043 | 14.29

El 2.97 193 | 440 | 2919| 26.77| 9413 | 2.36 | 79.46

Seedyieldpe | E2 3.86 220 | 540 | 3136| 2858| 93.05 | 3.22 | 83.29
10 | rplant(gm) E3 421 296 | 5.76 | 2326| 21.74| 97.32 | 275 | 65.32
E4 3.0 226 | 400 | 2008 1829| 9295 | 1.70 | 55.02

POE 353 247 | 482 | 2671| 21.37| 81.05 | 1.97 | 5581

Genetic divergence analysis

To calculate D? values, the correlated average values of characteristics were converted
into standard uncorrelated averages through the application of Tocher's method. The
statistical distance (Mahalanobis D?) between pairs of genotypes was determined by
summing up the squared differences between the pairs of corresponding uncorrelated values
for any two genotypes analysed simultaneously.

The analysis of variance showed significant differences between Mungbeangenotypes
for all thecharacters studied. All the fourteen genotypes weregrouped into three clusters
(Table 3 and Fig. 1). Cluster I was the largest among all the clusters comprising 8 genotypes,
whereas cluster Il had 5 genotypes. While the clusters I11 were solitarycluster consisting one
genotype only.

Fig. 1. Dendrogram based on genetic distance, summarizing the data on
differentiation between 14 Mungbean genotypes according to Mahalanobis’ D2 method
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Cluster No. | No. of genotypes | Name of the Genotypes
| 8 RVSTM 22-1, RVSTM 22-2, IPM 410-3 (Shikha), IPM 205 -7
(Virat), RVSM 18-1, M1 98-64, MI 181-1, MI 750-1
1 5 RVSM 22-3, RVSM 22-4, RVSM 22-5, RVSM 22-6, RVSM 22-7
i 1 RVSM 22-8
1=RVSTM 22-1 8= RVSM 22-8
2= RVSTM 22-2 9= RVSM 18-1
3= RVSM 22-3 10= M1 98-64
4= RVSM 22-4 11=MI 181-1
5= RVSM 22-5 12= Ml 750-1
6= RVSM 22-6 13=IPM 410-3(Shikha)
7= RVSM 22-7 14=1PM 205-7 (Virat)

Table 3. Clustering pattern of 14 genotypes of Mungbeanbased on Mahalanobis’ D2-
values and the member present in each respective cluster

The patternof group constellations indicated that significantvariability existed among
the genotypes as observedfrom the clusters. Cluster | originating from differentplaces
indicated that there was no parallelismbetween clustering pattern and geographicdistribution
of genotypes. Similar findings werereported by Henry and Mathur(2017)and Rahim (2020).
This kind of genetic diversity was recordedamong the genotypes belonging to the
samegeographic origin might be due to difference inadoption, selection criteria, selection
pressure andenvironmental condition.

The intra and inter cluster D> mean values are presented in table 4.0n the basis of D?
values, 14 genotypes were grouped into three clusters. Intra cluster distance ranged from 0.00
to 4.98. Cluster Il showed maximum intra cluster D? value (D? = 4.98), cluster | (D = 4.71),
whereas clusters 111 showed zero value for Intra cluster distance.The highest inter cluster
divergence was observed between genotypes of cluster 11 and 111 (8.46), followed by cluster |
and cluster 11 (8.15). Cluster distance was lowest between cluster I and cluster I11 (7.20).

Table 4: Average intra (Bold) and inter cluster D? values in Mungbean genotypes

Clusters Cluster | Cluster Il Cluster 111
Cluster | 4,71 8.15 7.2
Cluster 11 4.98 8.46
Cluster 111 0.00

Cluster Il showed highest cluster mean for Six characters viz., Days t050% flowering,
Days to maturity, No. of pods/plant, Plant height, Biological yield per plant and Seed yield
per plant. Cluster Illrecordedhighest mean value for No. of primary branches, No. of seeds
per pod and Harvest index, whilecluster | recorded highest mean value for 100 seed weight
only (Table 5).

Table 5. Cluster means for yield attributed characters in Mungbeangenotypes
| Clusters | Daysto | Daysto | No.of | No.of | Plant




50% maturity pods/plant primary Height (cm)
flowering branches
Cluster | 41.54 63.75 18.17 6.46 53.88
Cluster Il 43.07 65.07 22.00 6.80 61.6
Cluster 111 39.67 64.67 16.00 7.00 59.67
No. of . . ) ]
Biological yield | Harvest 100 seed Seed yield per
Clusters seeds per | ind ioh |
nod per plant (gm) index weight (gm) plant (gm)
Cluster | 10.38 11.91 20.41 3.07 241
Cluster 11 10.20 17.99 21.81 2.79 3.87
Cluster 111 10.67 10.73 28.50 2.97 3.03

The selection and choice of parents mainlydepend upon contribution of character
towardsdivergence (Loganathan et al., 2021) and thecontribution towards genetic divergence
isrepresented in Table 6. It was observed that amongall the traits, contribution of seed yield
per plant wasmaximumThe percent contribution of individual characters toward the total
divergence was found high for Harvest index (%) (34.07%) followed by 100 seed weight (g)
(20.88%), Biological yield per plant (g) (17.58%), Seed yield per plant (g) (10.99%), Plant
height (cm) (4.40%), Days to 50% flowering and Number of pods per plant (3.30%), Days to
maturity and Number of seeds per pod (2.20%) and Number of primary branches (1.10%)
showed low percentage of contribution and it also contributed towards total
divergence.Similar results were reported by AppalaswamyandReddy (2020) and Henry and
Mathur (2017).

Table 6. Relative contribution of different characters for genetic divergence in
Mungbeangenotypes

S. No. Character Contribution %
1 Days to 50% flowering 3.30
2 Days to maturity 2.20
3 No. of pods/plant 3.30
4 No. of primary branches 1.10
5 Plant height 4.40
6 No. of seeds per pod 2.20
7 Biological yield per plant 17.58
8 Harvest index 34.07
9 100 seed weight 20.88
10 Seed yield per plant 10.99




Total | 100%

It is well known that crosses betweendivergent parents usually produce greater
heteroticeffect than closely related ones. Considering theimportance of character towards
total divergence,the present study indicated that parental linesselected from cluster |
(RVSTM 22-1, RVSTM 22-2, IPM 410-3 (Shikha), IPM 205 -7 (Virat), RVSM 18-1, Ml 98-
64, MI 181-1, MI 750-1) and fromcluster Il (RVSM 22-3, RVSM 22-4, RVSM 22-5, RVSM
22-6, RVSM 22-7) could be used in crossing programme toachieve desired segregants.

Conclusions

The pooled analysis of variance shows significance across all genotypes, except for
thenumber of primary branches, signifying ample genetic variability within the
population.Traits such as seed yield per plant and biological yield per plant exhibited the
highestphenotypic and genetic coefficient of variation, suggesting a strong influence of
genetic variability on their expression.The combination of high heritability and substantial
genetic advance as a percentage of the mean was observed prominently in biological yield per
plant, followed by seed yield per plant and the number of pods per plant. This suggests that
these traits are predominantly governed by additive gene action, making them suitable
candidates for direct selection in breeding programs. On the basis of these traits superior
genotypes are selected and used in hybridization programme as a donor parent. crossing
programme could be made among thegenotypes belonging in cluster | and cluster Il for
getting maximum heterotic combinations, especially foryield of Mungbean.
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