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Abstract

An experiment was undertaken by utilizing forty four moth bean genotypes for eleven yield and yield contributing
characters to assess genetic divergence. The analysis of variance has shown that there was significant variation among the
genotypes in all the traits. The multivariate analysis carried out using Mahalanobis D?statistics, indicated wider genetic
diversity in the genotypes of moth bean. Out of seven cluster formed, cluster | was largest with eighteen genotypes,
followed by cluster IV with twelve genotypes, cluster 111 with seven genotypes, cluster Il with four and V, VI, VII were
mono-genotypic. The clustering pattern indicated absence of relationship between genetic diversity and geographical origin
of the genotypes. The maximum inter cluster distance was observed between cluster 1V and V (D?=29.12) while, lowest
divergence was noticed between cluster V and VI (D?=4.46). Maximum intra cluster distance observed within cluster 1V
(D?=5.12) while lowest intra cluster distance was observed within cluster | (D?=3.85). The variance for cluster means were
high for days to 50% flowering (32.56%), 100- seed weight (13.95%), length of main axis (13.21%) and number of seeds
per pod (10.57%) and was low for number of primary branches and pod length. Based on inter-cluster distances, cluster
mean and per se performance, and divergence class the genotypes viz., DHMB-32, DHMB-26, DHMB-31, DHMB-30 and
DHMB-16 were distinct and diverse and can be classified as promising genotypes. These four genotypes can be used for
inter-crossing to obtain heterosis and also wider variability in moth bean. Hybridization between the genotypes of cluster
IV with the genotypes of cluster V may result in exploiting more heterosis with maximum genetic divergence and are

likely to produce desirable transgressive segregants in segregating generations for further crop improvement.
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Introduction

Pulses occupy a unique position in Indian
agriculture because of their nutritive value and
ability to improve the fertility of soil. In India, the
total area under pulses was 25.26 million ha with
production of 19.25 million ton 2015-2016. Out of
total pulses area in India, under Maharashtra is
34.08 lakh ha and the production is 24.04 lakh tons
and area under moth bean was 0.278 lakh ha and
the production is 0.096 lakh ton Tiwari and
Shivhare (2016). Moth bean {Vigna aconitifolia
(Jacg) Marechal} belongs to family Leguminosae
/Fabaceae sub family papilionaceae. Chromosomal
constitution of a species is 2n= 22. Popularly, it is
also known as ‘Mat’, ‘Matki’ and ‘Moth bean’ in
different regions. It is an important crop of dry and
semi-arid areas of India and some countries of
Asia. Among kharif pulses, it has maximum
capacity to resist drought condition. It is an
excellent source of high quality protein (23.6%) in
the diet of low income group in developing
countries.

Genetic diversity which is pre-requisite for any
successful breeding programme is of paramount
importance. Genetic divergence among the parents
play a vital role in cultivar improvement because a
cross involving genetically diverse parents is likely
to generate more variability in segregating
generations, and also which can be used for the
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desired improvement. Generally, plant breeders
select the parents on the basis of phenotypic
diversity. Hence the knowledge of genetic
diversity among the parents with respect to
characters which are to be improved is essential.
Keeping these things in the view, an effort has
been made in the present study to evaluate a set of
moth bean genotypes with the objective to study
the nature and magnitude of divergence among the
genotypes of moth bean.

Materials and methods

The experimental material comprising forty four
genotypes of moth bean were grown in
Randomized Block Design with three replications
at the research farm of Department of Genetics
and plant breeding, College of Agriculture,
Dhule, during Kharif season of 2016. The seeds
were sown by dibbling. Each entry was
represented by single row of 3m length with
spacing of 10 cm between rows. Data were
recorded on five randomly and competitive plants
of each genotype from each replication for eleven
quantitative characters viz., days to 50%
flowering, days to maturity, length of main axis
(cm), number of primary branches per plant,
number of clusters per plant, number of pods per
cluster, number of pods per plant, pod length
(cm), number of seeds per pod, 100 seed weight
(9) and seed yield per plant (g). Effective method
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suggested by Mahalanobis (1936) known as
“Mahalanobis D? statistics” or “D? technique” is
widely used to know genetic diversity in the
germplasm. It was conducted to estimate the intra
and inter cluster distances and to group the
genotypes into different clusters and a logical
grouping of genotypes following Tocher’s
method (Rao, 1952).

Results and discussion

Analysis of variance for eleven characters
indicated that the genotypes used in the present
studies were significantly different (Table 1). The
mean performances of 44 genotypes of moth bean
for eleven characters studied are presented in
Table 2. The genotype DHMB-16 (43.67 days)
was the earliest for flowering (46 days) and days
to maturity (90.33days). The genotypes DHMB-
31 (20.649) recorded the highest seed yield per
plant, maximum number of cluster per plant
(56.73), maximum pods per cluster (2.53) and
maximum number of pods per plant (143.53).
While the genotype DHMB-24 produced
maximum pods per cluster (2.59) and highest
seed yield per plant (20.15g).

On the basis of D? values, the forty four
genotypes evaluated for eleven characters were
grouped into seven clusters by using the Tocher’s
method as described by Rao (1952). Cluster | was
largest with 18 genotypes followed by cluster 1V
(12 genotypes), cluster 1l (7 genotypes) and
cluster Il (4 genotypes), while clusters V, VI and
VIl were monogenotypic. In the present
investigation grouping of genotypes into 7 clusters
suggested the presence of substantial amount of
genetic  diversity in the material under
investigation. The clustering pattern and the eco-
geographical regions of origin of each line are
given in Table 1 and 3. Cluster | was the largest
including 18 lines indicates that there was no
association between clustering pattern and eco-
geographical distribution of the cultures. Murty
and Arunachalam (1966) and Somayajulu et al.
(1970) while working with different crops,
reported that geographical distribution does not
necessary reflect genetic divergence. Cluster II
which include 4 lines, cluster Il include 7 lines
and cluster 1V include 12 lines under study had
varieties from different eco-geographical regions,
thus supporting the view that geographic
distribution and genetic divergence do not follow
the same trend. This confirms the results reported
by Bhavsar and Birari (1991) and Deokar et al.
(1991) in moth bean. Wide range of diversity was
reported by many workers while evaluating moth
bean genotypes (Henry and Krishna (1986);
Natrajan et al. (1988); Jindal (1990) ;Deokar et al.
(1991); Kakani et al. (2003); Patil et al. (2008);
Bangar et al. (2009); Das et al. (2010); Babbar et
al. (2012); Yogeesh et al. (2012).
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The maximum intra cluster distance was observed
for cluster IV (D® =5.12) followed by cluster 111
(D?=4.90) suggesting that genotypes present in
these clusters might have different genetical
architecture (Fig.1, Fig.2 and Table 4). However,
lowest intra cluster distance was observed in
cluster | (D?*=3.85) indicating that genotypes
present in these cluster might have genetical
similarities with one another and appeared to have
evolved from common gene pool. Cluster V, VI
and VII showed no intra cluster distance due to its
monogenotypic nature.

Maximum inter cluster distance was observed
between cluster IV and cluster V (D*=29.12)
followed by distance between cluster 11 and cluster
IV (D°=28.95), cluster IV and cluster VI
(D*=27.80), cluster I1I and cluster 1V (D?*=26.43) :
cluster 1V and VIl (D?=24.67) indicating, wide
divergence among these clusters and suggest that
genotype present in one cluster differ entirely from
those present in other clusters. The minimum inter
cluster distance was found between cluster V and
cluster VI (D*=4.46) followed by cluster | and
cluster 111 (D*=5.72), cluster Il and cluster V
(D?*=5.96), cluster Il and cluster V (D%=5.99);
cluster | and cluster VII (D*=6.04). The low inter
cluster distance between these clusters revealed
that genetic constitution of genotypes had close
proximity.

Based on mean performance of clusters for 11
characters (Table 5) it was observed that cluster Il
exhibited the highest seed yield per plant and was
characterized by highest number of primary
branches, number of pods per cluster and number
of pods per plant. All these characters appeared to
have played important role in determining seed
yield of these cluster. Cluster VI and cluster VII
showed nearly comparable seed vyield. Cluster VI
was characterized by length of main axis, number
of pods per cluster and number of pods per plant
whereas, cluster VIl possessed more number of
primary branches, number of cluster per plant, pod
length, number of seeds per pod and 100 seed
weight. Cluster IV was low seed yield but has
highest pod length and imparting earliest. On the
basis of mean performance of different clusters, it
was observed that cluster 11, V, VI and VII were
performing well for most of the characteristics.

The variance of cluster mean provides information
on relative importance of different characters
towards seed yield. Relative percent contribution
of different characters towards total genetic
divergence is given in table 6. In the present study
the variance for cluster means were high for days
to 50% flowering (32.56%), 100 seed weight
(13.95%), length of main axis (13.21%) and
number of seeds per pod (10.57%). These results
were agreement with Natarajan et al. (1988) for
days to 50% flowering and Henry and Krishna
(1986) for days to maturity, and Gopalkrishna, et
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al. E2012) for number of seeds per pod and 100
seed weight in mung bean (Vigna radiate L.).

The magnitude of contribution by number of
primary branches and pod length was low. These
results were contradictory with the findings of
Henry and Krishna (1986) for seed yield per plant.

The mean of seven clusters and four intra-clusters
(as monogenotypic cluster V, VI and VII had no
intra-cluster distance) was 11.69 and standard
deviation 8.95. The minimum (X) and maximum
(Y) values among these distances were 3.85 and
29.12, respectively.

Grouping of cluster pairs into the divergence class
(DC) is presented in Fig 3. On the light of
discussion, initial choice of parents should be
made from the cluster combinations falling in the
divergence classes DC2 and DC3. While crossing
among the genotypes of a cluster, the per se
performance of the genotypes for different traits
such as earliness (days to 50% flowering and days
to maturity), length of main axis, number of
branches per plant, number of cluster per plant,
number of pods per cluster, number of pods per
plant, pod length, number of seeds per pod, 100
seed weight, yield per plant etc. should be taken
into account so, that desirable transgressivie
segregants would be obtained following after
hybridization.

The present study revealed no parallelism between
genetic divergence and geographical distribution of
genotypes which was demonstrated by grouping of
genotypes from same origin into different clusters
separated by high genetic distance. This suggested,
that genetic drift and selection in different
environments may cause geographical distances.

Considering inter-cluster distances, cluster mean
and per se performance, and divergence class the
genotypes viz.,, DHMB-32, DHMB-26, DHMB-31,
DHMB-30 and DHMB-16 were distinct and
diverse and can be classified as promising
genotypes. These genotypes can be used for inter-
crossing to obtain heterosis and also wider
variability in moth bean. Hybridization between
the genotypes of cluster IV with the genotypes of
cluster V may result in exploiting more heterosis
with maximum genetic divergence and are likely to
produce desirable transgressive segregants in
segregating  generations  for  further  crop
improvement.
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Table.l. Analysis of variance for different characters in moth bean.

SI. No. Characters Mean sum of square
Replication Genotype Error
1 Days to 50% flowering 1.96 1464.9** 2.82
2 Days to maturity 2.550 1273.26** 6.67
3 Length of main axis (cm) 9.490 9951.60** 35.49
4 Number of primary 012 7 67%* 019
branches
5 Number of cluster per plant 0.034 419.32** 11.29
6 Number of pods per cluster 0.037 0.52** 0.02
7 Number of pods per plant 1.330 3303.82** 45.99
8 Pod length (cm) 0.011 0.108** 0.032
9 Number of seeds per pod 0.062 2.988** 0.139
10 100 seed weight (g) 0.011 0.290** 0.010
11 Grain yield per plant (g) 0.016 65.177** 0.957

* ** Indicates significance at 5% and 1% level, respectively.

Table 2. Mean performance of moth bean genotype.

SI. No. Genotypes Source Dg)(;s\;vt:r'isr(]);/o nl?z;)lljsr}?y ;eari]?lt:xci’: p’;:?ﬁeg No c;:)gziters Blc?dc:; Pocéclrenr;gth No of seeds / pod V&g%ﬁie(g) /S:& dn%/i(zl)d
(cm) branches plant
1 MBS-0835 Solapur 99.33 148.67 130.78 6.73 58.88 1.62 95.39 3.58 6.67 2.25 10.06
2 MBS-0845 Solapur 93.33 143.00 148.71 4.37 41.35 1.53 63.73 3.24 6.08 2.04 6.04
3 MBS-0803 Solapur 91.67 141.67 153.13 3.89 29.70 1.65 49.61 3.26 5.95 2.40 4,76
4 MBS-0847 Solapur 99.66 149.33 146.27 4.71 25.42 241 61.67 3.23 6.21 243 6.55
5 MBS-0828 Solapur 95.33 143.67 152.03 3.97 37.68 1.38 52.53 3.19 6.03 2.15 4.89
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6 MBS-0855 Solapur 94.33 146.67 143.47 5.32 36.96 1.84 68.31 3.18 6.05 2.14 6.35
7 MBS-0853-2 Solapur 93.00 145.00 145.56 4.77 34.40 1.69 59.97 3.49 6.72 2.14 6.15
8 MBS-0853-1 Solapur 93.00 143.00 149.15 5.01 38.85 1.75 68.12 2.99 6.13 2.07 6.02
9 MBS-0814 Solapur 93.67 143.33 149.75 4.37 36.24 1.49 54.21 3.14 6.56 2.29 5.85
10 MBS-0605 Solapur 98.67 146.67 141.15 5.63 37.32 2.17 81.53 3.56 6.53 2.35 8.39
11 MBS-0851 Solapur 99.33 144.33 143.06 6.00 38.90 2.23 85.60 3.33 6.29 2.20 8.44
12 MBS-27(C) Solapur 98.67 148.67 140.93 5.68 38.23 2.03 76.53 3.25 6.08 2.03 6.80
13 DHMB-1 Rahuri 50.67 104.67 16.15 2.99 15.71 1.32 20.75 3.64 4.67 1.58 1.88
14 DHMB-2 Kada 92.33 143.67 144.97 5.81 31.46 1.78 56.73 3.21 5.88 213 521
15 DHMB-3 Nandurbar 98.67 145.33 136.45 5.95 41.13 1.94 78.15 3.44 6.31 2.84 8.71
16 DHMB-4 Akole 95.33 148.67 150.27 4.32 31.03 1.57 47.12 343 6.59 221 4.79
17 DHMB-5 Man 104.67 154.00 137.29 8.10 57.52 1.88 108.17 3.83 6.90 2.56 12.98
18 DHMB-6 Sindakheda 50.33 102.67 14.47 25 17.65 1.21 21.36 3.38 3.19 244 1.83
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SiNo. G s OHSOE oosomauriy LBNST gy Noofeuers Noolpods/  Nocfpodd  Podlenth  Noofoses!  looeed - saed il
DHMB-7 Nandurbar 95.67 145.67 151.03 46 35.97 1.39 50.97 3.08 6.20 2.13 418
DHMB-8 Sindakheda 46.00 103.67 16.18 3.39 18.68 1.43 26.72 351 3.70 1.55 212
DHMB-9 Rohane, 97.33 147.33 145.12 5.57 39.72 1.95 77.59 3.00 5.84 2.35 7.05
DHMB-10 Wambori, 47.33 105.33 14.67 2.87 20.37 1.25 24.47 3.36 3.31 2.03 1.94
DHMB-11 Dhule 54.33 102.00 16.54 2.56 14.78 1.53 22.62 3.45 470 2.66 2.17
DHMB-12 Baragaonnandur  97.67 148.00 138.66 5.07 33.78 2.25 76.56 3.11 6.19 2.14 7.32
DHMB-13 Baragaonnandur  59.67 110.33 14.48 2.71 16.10 1.62 26.38 3.55 468 252 2.38
DHMB-14 Dahiwade, 96.33 143.67 136.94 5.00 3459 1.78 65.14 3.24 6.36 2.37 6.86
DHMB-15 Shevgaon, 90.33 139.33 149.80 453 33.57 1.43 49.73 3.18 6.45 2.13 482
DHMB-16 Shirur, 43.67 90.33 11.63 2.49 16.59 1.33 22.06 351 4.45 1.98 2.25
DHMB-17 Karjat, 98.67 146.33 143.25 5.75 35.89 1.87 67.12 3.30 6.21 2.85 7.63
DHMB-18 Shrigonda, 95.33 144.00 147.03 483 25.23 2.14 54.67 3.38 6.09 2.95 5.53
DHMB-19 Pathardi 46.67 100.67 14.64 450 28.21 1.34 38.87 3.66 4.20 2.29 2.60
DHMB-20 Akole, 97.33 141.67 146.05 5.12 34.00 2.10 67.87 3.38 6.09 2.08 6.63
DHMB-21 Pathardi 47.33 103.33 15.09 2.31 2461 1.23 30.28 3.39 4.24 2.58 6.45
DHMB-22 Man 98.00 142.67 143.97 6.05 41.89 1.84 77.58 3.26 5.60 2.23 7.84
DHMB-23 Baramati, 51.33 109.33 16.46 457 31.30 1.36 42,61 3.75 4,66 2.24 3.04
DHMB-24 Karjat, 106.67 155.67 129.56 7.75 54.16 2.59 140.29 3.41 6.63 2.65 20.15
DHMB-25 Parner, 100.67 152.33 137.69 6.37 49.15 2.15 98.31 3.58 6.46 2.34 10.77
DHMB-26 Dhule 102.67 149.33 139.33 6.69 47.41 2.33 110.68 3.28 5.55 2.15 10.95
DHMB-27 Dhule 51.67 103.33 15.16 3.68 23.94 1.36 3257 351 431 2.27 3.13

Table 2 Continued.......
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Length of No. of No of
Days to 50% Days to . - . No of clusters No. of pods Pod length  Noofseeds/ 100seed  Seed yield
SI. No Genotypes  Source flowering maturity main axis primary /plant / cluster pods/ (cm) pod weight (g)  /plant (g)
(cm) branches plant
40 DHMB-28 Dhule 50.67 97.33 15.36 3.09 30.17 1.39 41.85 3.44 421 2.19 3.11
Shrigond
41 DHMB-29 a 106.33 153.67 135.37 7.85 45.16 2.39 108.27 3.48 6.37 2.79 13.82
42 DHMB-30 Shenwgao 104.67 158.67 122.67 6.50 56.11 2.62 145.23 3.21 6.19 2.76 18.08
43 DHMB-31  Karjat, 105.67 156.33 124.26 8.78 56.73 2.53 143,53 351 6.61 271 20.64
Ambega
44 DHMB-32 on 103.33 150.66 143.21 6.67 47.75 2.42 113.24 3.25 5.38 2.84 12.51
G. Mean 84.93 135.09 107.44 5.01 35.08 1.79 66.05 3.37 5.67 2.32 6.94
SE. 0.97 1.49 3.43 0.53 1.94 0.086 3.91 0.10 0.22 0.058 0.565
C'D(;/ft 5 2.72 4.19 9.67 0.57 5.46 0.24 11.01 0.29 0.61 0.16 1.59
C.V. (%) 1.98 191 5.55 7.01 9.27 8.28 10.27 5.29 6.59 4.34 14.08
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Table 3. Grouping of forty four moth bean genotypes into different clusters.

SI. No. Cluster No. of genotypes Name of genotypes

1 | 18 MBS-0828, DHMB-7, MBS- 0845, MBS-0814, DHMB-15, MBS-0853-2,
MBS-0853-1, DHMB-4, MBS-0855, DHMB-2, MBS-0803, DHMB-14,
DHMB-9, MBS-27(C), DHMB-12, DHMB-22, DHMB-20, MBS-0605

2 I 4 DHMB-24, DHMB-31, DHMB-30, DHMB-29

3 11 7 DHMB-3, DHMB-17, DHMB-18, MBS-0847, MBS-0851, DHMB-25,
DHMB-5

4 v 12 DHMB-19, DHMB-23, DHMB-27, DHMB-21, DHMB-10, DHMB-6,
DHMB-28, DHMB-16, DHMB-1, DHMB-8, DHMB-11, DHMB-13

5 \Y 1 DHMB-32

6 VI 1 DHMB-26

7 Vil 1 MBS-0835

Table 4. Average intra and inter cluster distance (D? values) for eleven characters in moth bean.

Clusters | 1 1l v \% Vi VII

| 3.85 10.52 5.72 24.31 8.80 7.41 6.04
1 4.17 8.29 28.95 5.96 7.37 10.44
1 4.90 26.43 5.99 6.27 7.39
A% 5.12 29.12 27.80 24.67
\Y 0.00 4.46 9.78
Vi 0.00 8.43
VII 0.00

(Underlined figures indicate intra-cluster D® values.)
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Table 5. Cluster means for eleven characters in seven clusters of forty four moth bean genotypes

SI. No. Characters Cluster average Cluster
| 1 1] AV Vv Vi VII mean

p  Daysto50% Flowering 95.11 103.83 99.57 49.97 103.33 102.67 99.33 93.41

2 Days to maturity 144.57 156.08 147.95 102.75 150.67 149.33 148.67 142.86

3 Length of main axis(cm) 146.15 127.89 141.58 15.07 143.21 139.33 130.78 120.57
4 No. of primary branches 4.95 7.72 5.96 3.14 6.67 6.69 6.73 5.98
5 No. of clusters / plant 35.93 53.04 39.03 2151 47.75 47.41 58.88 43.6
6 No. of pods / cluster 1.76 2.53 2.09 1.36 2.42 2.33 1.62 2.02
7 No. of pods /plant 63.56 134.33 79.10 29.29 113.24 110.68 95.39 89.37
8 Pod length (cm) 3.23 3.40 3.44 3.51 3.25 3.28 3.58 3.38
9 No. of seeds /pod 6.18 6.45 6.35 4.19 5.38 5.55 6.67 5.82
10 100 seed weight (g) 2.19 2.73 2.60 2.19 2.84 2.15 2.25 2.42
11 Seed yield / plant (g) 6.11 18.17 8.66 2.41 12.51 10.95 10.06 9.84

Table 6. Relative percent contribution of different characters towards tota genetic divergence in moth bean.

SI. No. Characters No. of times ranked 1% Percent contribution
1 Days to 50% flowering 308 32.56
2 Days to maturit 33 3.49
3 Length of main axis (cm) 125 13.21
4 Number of primary branches 1 0.11
5 Number of cluster per plant 60 6.34
6 Number of pods per cluster 51 5.39
7 Number of pods per plant 77 8.14
8 Pod length (cm) 10 1.06
9 No of seeds per pod 100 10.57

10 100 seed weight (g) 132 13.95
11 Grain yield per plant (g) 49 5.18
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Fig 3. Divergence Classes (DC) of moth bean genotypes.

DC4 DC3 DC?2 DC1
|
] ] ] ] ]
X m-s M m+s Y
(3.85) (2.75) (11.69) (20.64) (29.12)

M= The mean of seven clusters and four intra-clusters (as monogenotypic cluster V, VI and VII had no intra-cluster distance) was
11.69.

X= Minimum value of distance 3.85.

Y=Maximum valie of distance 29.12.

S=Standard deviation 8.95.

m-s= Mean - Standard deviation.

m+s= Mean + Standard deviation.
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