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Abstract

An experiment with thirty five genotypes of finger millet carried out to study the nature and magnitude of
divergence using Mahalanobis D? statistics, in randomized block design with three replication. The data
for eleven important quantitative traits recorded from the genotypes raised. The variability study
indicated high to moderate phenotypic and genotypic coefficient of variation accompanied by high
heritability and genetic advance as percent of mean for traits, grain yield per plant, harvest index, grain
weight of main panicle, number of tillers per plant, flag leaf area, 1000-grain weight, number of fingers
per panicle, panicle length and days to 50% flowering, indicating their importance in selection for yield
improvement. The 35 genotypes of finger millet were grouped into six clusters using Tocher’s method.
The genotypes in cluster 1V and cluster VI, exhibited high degree of genetic diversity. Cluster 11l was
suitable for grain yield per plant, 1000-grain weight, yield of main panicle and harvest index. Days to
50% flowering and grain yield per plant contributed maximum towards genetic divergence.
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Introduction

Fingermillet (Eleusine coracana (L.) Gaertn) belongs of family Poaceae with species
Coracana. The cultivated E. coracanais a tetraploid (2n = 4X = 36); has morphological
similarities to both E. indica (L.) Gaertn. (2n = 18) and E. Africana (O.) Byrne (2n = 36). It is
an important cereal crop amongst the small millets and third in importance among millets in
the country in area and production after sorghum and pearl millet. Finger millet is a valued
food grain crop and mostly cultivated in rainfed condition in India. Finger millet is more
versatile crop due to its adaptability to wide range of geographical areas and agro-ecological
diversity. In India, it is cultivated on 1.8 million ha with a production of 2.19 million tonnes
and average productivity of 1489 kg per ha. Major finger millet growing states in India are
Karnataka followed by Uttrakhand, Maharashtra, Tamil Nadu, Andhra Pradesh, Orissa,
Guijarat, Jharkhand and Bihar (Directorate of Economics and Statistics, GOI, 2010-11).

Finger millet is an important cereal because of its excellent storage properties and the nutritive
value of the grains. Fingermillet is a good source of calcium and dietary fiber and consumed
both in native and processed form (Gopalan et al., 1989; Rao and Murlikrishna, 2001) [*2 32,
Finger millet grain can be stored for several years without storage pest infestation which
makes it a perfect food grain commodity. It is also a good source of mineral nutrients like
Calcium, Iron, Phosphorus, Zinc and Potassium. The fingermillet crop residues are excellent
source of dry matter for livestock especially in dry season so; its grains are used for human
consumption. Finger millet straw contains up to 61 percent total digestible nutrients makes
good fodder. The most important tropical cereals among finger millet is very adaptable and
thrives at higher elevations. (Vilaset al., 2015) (401,

Genetic variability and diversity play very important role inany crop improvement programme.
If we using higher diverse parents they produced higher heterosis in progeny and more chance
of getting transgressive segregation. Breeder has to identify diverse parents having high
genetic variability for combining desirable characters for develop improved crop variety over
existing cultivated variety. Due to multivariate analysis to study morphologically complex,
individuals and measuring the degree of divergence between different populations.
Multivariate technique is useful for analyzing multiple measurements on each individual under
study. Among the multivariate techniques, principal component analysis (PCA) have been
very important in selecting genotypes for breeding program that meet the objective of a plant
breeder.
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Materials and Methods

The experiment was conducted at two locations at
Agricultural Research Station, Anand Agricultural University,
Dahod and Hill Millet Research Station, Navsari Agricultural
University, Waghai and pooled data were used for statistical
analysis using 35 finger millets genotypes in randomized
block design with three replications during kharif, 2020. The
data of eleven different characters viz., days to 50%
flowering, plant height, flag leaf area, number of tillers per
plant, number of fingers per panicle, panicle length, days to
maturity, grain yield of main panicle, 1000 grain weight, grain
yield per plant and harvest index were taken from five plants
and only selected plants from each replication.

Flag leaf area was calculated by following formula
(Mokhtarpur et al., 2010) [

Flag leaf area (cm?) = Flag leaf length (cm) x Flag leaf width
(cm)

Harvest index was calculated as per the formula (Huhn, 2008)
[16]

Economic Yield
Harvest Index = x100
Biological Yield

Where
Economic yield = Grain yield (g)
Biological yield=Total plant yield (g)

Results & Discussion

In the present investigation, 35 diverse genotypes of
fingermillet were studied to assess their yield and vyield
related attributing characters. The analysis of variance clearly
indicated that there was highly significant variation among the
genotypes for all the traits studied. This in turn indicated that
there was sufficient variability in the material studied. This in
turn indicated that there was sufficient variability in the
material studied, which could be utilized in further breeding
programme. Similarly, many earlier workers Karad et al.
(2013) 2, Reddy et al. (2013) 3%, Ulaganathan et al. (2013)
139, Wolie et al. (2013) 11, Suryanarayan et al. (2014) B8 and
Dapke et al. (2014) © reported high variability for different
traits in finger millet. Thus, it is implied that there was
reasonably sufficient variability in material used for their
study, which provides ample scope for selecting superior and
desire genotypes by the plant breeder for further
improvement.

The phenotypic variances (Table 1) for all the traits under
studied were higher than the genotypic variances (Reddy et
al., 2013) B3, This may be due to the non-genetic factor
which played an important role in the manifestation of these
characters. Wide ranges of variance (phenotypic and
genotypic) were observed in the experiment material for all
the characters under investigation. The maximum phenotypic
and genotypic variance exhibited by the traits, plant height,
days to maturity, harvest index, days to 50% flowering, grain
yield per plant and flag leaf area. These findings were in
accordance of Dhanpal et al. (2008) [ and Dinesh et al.
(2010) [ reported grain yield per plant exhibiting the highest
range and days to maturity showed the lowest range. In the
present investigation, the genotypic and phenotypic
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coefficient of variation for grain yield per plant was found
high. This result is in agreement with Shet et al. (2009) [
and Ulaganathan et al. (2013) . The results showed that
harvest index, grain yield of main panicle, 1000-grain weight,
and number of tillers per plant and flag leaf area exhibited
very high GCV and PCV indicating the importance of this
trait in evaluation and selection of the genotypes. In this
study, the phenotypic and genotypic coefficient of variance
was found moderate for number of fingers per panicle, panicle
length, plant height and days to 50% flowering. Similar
results were also reported by Reddy et al. (2013) [ and
Wolie et al. (2013) 411,

They found high GCV and PCV for respective traits. The
genotypic and phenotypic coefficient of variation for days to
maturity was found lowest. Karad et al. (2013) ? and
Ganapathy et al. (2011) 4 reported days to maturity exhibit
the lowest GCV as well as PCV. These findings were clearly
indicated that selecting genotypes through these traits will be
effective. It is interesting to note that the differences between
GCV and PCV values were minimum implying least
influence of environment and additive gene effects indicating
genotypes can be improved and selected for these characters
for improvement of vyield. The coefficient of variation
indicated the extent of variability present in these characters
and does not indicate the heritable portion. This could be
ascertained from the heritability estimates, which in board
sense include both additive and non-additive gene effects and
in narrow sense include the portion of heritable variation
which is due to additive component (Lush, 1949) 3. The
knowledge of heritability is helpful in assessing merits and
demerits of a particular trait as it enables the plant breeder to
decide the course of selection procedure to be followed under
a given situation.

In this study, heritability in broad sense for all the characters
namely, days to 50% flowering, days to maturity, grain yield
per plant, harvest index, panicle length, grain yield of main
panicle, number of fingers per panicle, number of tillers per
plant 1000-grain weight, flag leaf area and plant height were
found high. High heritability value for these traits indicated
that the variation observed was mainly under genetic control
and was less influence by environment. So, these traits may
be used as a selection criteria for yield improvement in
confirmation with the result of earlier workers viz. Reddy et
al. (2013) B3 Ulaganathan et al. (2013) B9 Wolie et al.
(2013) 4, Nandini et al. (2010) 1281, Shet et al. (2009) 3 and
Lush (1949) 3, In the present investigation, the characters,
namely grain yield per plant, harvest index, grain yield of
main panicle, number of tillers per plant, flag leaf area, 1000-
grain weight, number of fingers per panicle, panicle length
and days to 50% flowering have high heritability and genetic
advance as per cent of mean. Hence, direct selection can be
done through these characters for future improvement of
genotypes for higher grain yield. Similar results were also
reported by earlier workers Suryanarayan et al. (2014) 8],
Wolie et al. (2013) “!, Ulaganathan et al. (2013) ! and Shet
et al. (2009) B3, The high heritability associated with high
genetic advance indicated, the variation was mostly due to
additive gene effects. It indicated that if these characters are
subjected to any selection scheme for exploiting fixable
genetic variance, a wide adopted genotype can be developed.
Plant height and days to maturity exhibited high heritability
and moderate genetic advance as per cent of mean. These
traits indicated that their manifestation is governed by both
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additive and non-additive genetic effects and therefore,
selection should be practiced in later segregating generations
i.e. by hybridization programme to exploit heritability. These
findings were in accordance with Nandani et al. (2010) [?°],

In the present investigation, 35 genotypes (including checks)
were grouped into six clusters on the basis of D? statistics
(Table 2). On the basis of inter or intra-cluster distance
dendogram (Fig. 1) of 35 finger millet genotypes were
obtained. Cluster I had maximum number of genotypes (19)
viz. PCGF 36, DFM 1101, DN 7, DN 11, DN 9, DFM 1105,
PCGF 31, DN 2 DN 4, DN 10, DFM 1106, IFM 1101, DN 14,
DN 8, DFM 1058, DN 12, DFM 1019, DFM 1051 and DN 1,
Cluster 1V had seven genotypes viz PCGF 35, DFM 4009,
PCGF 41, DFM 4055, DN 6, DFM 4010 and DFM 4059.
Cluster 11 had six genotypes viz. PCGF 47, DFM 1023, DFM
4112, PCGF 44, DN 6 and DFM 1028 while Cluster 111, V
and VI were solitary, comprising single genotypes each
namely DM 13, DN 5 and IFM 1110 respectively. The
clustering pattern showed that genotypes of different
geographical areas were clubbed in one group and also the
genotypes of same geographical area were grouped into same
cluster as well as in different cluster indicating that there was
no formal relationship between geographical diversity and
genetic diversity. Similar studied based on D? statistics was
also performed by Dhanpal et al. (2008) [, Dinesh et al.
(2010) P, Wolie et al. (2013) 4, and Patil et al. (2017) B9,
The genetic drift and selection in different environment could
cause greater diversity than geographical distance (Patel and
Patel, 2012) 29,

Different clusters comprises unique feature for different
characters under investigation. Cluster 111 had the maximum
mean value for fingers per panicle, grain yield of main
panicle, 1000-grain weight, grain yield per plant and harvest
index. Cluster V was suitable for early flowering and panicle
length whereas, cluster 1V for early maturity. Cluster VI may
be selected as a donor for dwarfness. Cluster VI had the
genotype with the highest mean value for flag leaf area and
number of tillers per plant. Therefore, these clusters may be
chosen for transferring the traits having high mean values
through hybridization programme. Selection of genotypes
based on cluster mean for the better exploitation of genetic
potential also reported by Wolie et al. (2012) 3. The highest
intra cluster distance (Table 4) was observed in cluster 1V
followed by cluster 1l and Cluster | indicating differences in
genotypes within cluster. Least intra cluster distance was
found in cluster | indicating that close resemblance between
the genotypes presented in this cluster. The genotypes in
cluster 1V and cluster VI due to maximum inter cluster
distance between them, exhibited high degree of genetic
diversity and thus may be utilized under varietal hybridization
programme (transgressive breeding) for getting high yielding
recombinants. Similar inter varietal crosses may be attempted
between genotypes in cluster V and VI and cluster | and IV.
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The lowest inter cluster distance was observed between
cluster 1 and 111 followed by cluster I and Il and cluster 11 and
111 showing these clusters were relatively less divergent and
crossing between them cannot produce vigorous offspring (F:
progenies). These results of genetic diversity study were in
agreement with the finding of Wolie et al. (2013) [, Dinesh
et al. (2010) ! and Jadhav et al. (2014) ). They also
suggested that genotypes of most diverse cluster may be used
as parents in hybridization programmes to develop high
yielding varieties. The selection and choice of parents mainly
depends upon contribution of characters towards divergence.
The maximum contribution in the manifestation of genetic
divergence was exhibited by days to 50% flowering followed
by days to maturity, grain yield per plant, panicle length,
harvest index, grain weight of main panicle, fingers per
panicle, flag leaf area, number of tillers per plant and 1000-
grain weight suggesting scope for improvement in these
characters. In other words, selection for these characters may
be rewarding. A similar observation was recorded by Wolie et
al. (2011) 4,

In the present study, 35 diverse genotypes were grouped into
various cluster and suitable diverse genotypes were selected
based on their cluster mean superiority and per se
performance for different characters. DN 5 grouped in cluster
V exhibited earliness in days to 50% flowering based on
cluster mean (lowest) and significantly superior per se
performance. These genotypes also exhibited superiority for
panicle length with highest cluster mean and superior per se
performance. IFM 1110 showed highest flag leaf area and
tillers per plant based cluster mean and per se performance.
The genotypes namely DFM 4059 and DFM 4055 were
selected from cluster IV for earliness in days to maturity
based on cluster (lowest) and significantly superior per se
performance. DM 13 have highest cluster mean for number of
fingers per panicle, grain yield of main panicle, 1000-grain
weight, grain yield per plant and harvest index with superior
per se performance. Gentoype DM 13 (cluster 111) was found
genetically diverse and superior for fingers per panicle, grain
yield of main panicle, 1000-grain weight, grain yield per plant
and harvest index. The genotype IFM 1110 from cluster VI
was selected as suitable parent for flag leaf area and number
of tillers per plant, whereas the genotypes namely DFM 4059
and DFM 4055 were selected from cluster 1V for earliness in
days to maturity based on cluster IV and cluster VI due to
maximum inter cluster distance between them, exhibited high
degree of genetic diversity and thus may be utilized under
inter varietal hybridization programme for getting high
yielding recombinants. Similar inter varietal crosses may be
attempted between genotypes in cluster V and VI and cluster
Il and V. Similar observation was recorded by Karad et
al.(2013) 2, Daniel et al. (2011) [ and Kahrizi et al. (2010)
(211 Savankumar et al. (2017) 41 and Patro et al. (2018) 34,
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Table 1: Estimates of variability parameter of yield attributing traits in Finger millet

S. No Characters 6% ¢p | GCV | PCV h?(Broad sense) % GA as % of mean
1 Plant height (cm) 107.05 | 149.36 | 10.74 | 12.60 71.67 18.78
2 Days to 50% flowering 61.10 | 62.12 |10.12 | 10.23 98.36 20.31
3 Flag leaf area (cm?) 38.51 | 42.70 | 21.00 | 22.95 90.19 43.67
4 Number of tillers per plant 1.16 1.21 |28.01]29.08 95.87 55.63
5 Panicle length (cm) 1.90 196 |16.05]|16.34 96.93 31.00
6 Number of finger per panicle 1.51 154 |17.66 | 18.16 98.05 35.42
7 Days to maturity 95.20 | 96.38 | 8.50 | 8.56 98.77 16.87
8 Grain yield of main panicle (gm) 1.60 1.63 |29.12 | 29.88 98.15 60.10
9 1000- Grain weight 0.50 052 |21.01]2177 96.15 43.56
10 Grain yield per plant (gm) 5241 | 53.37 |44.38 | 44.91 98.20 90.00
11 Harvest index (%) 66.51 | 69.18 | 36.77 | 37.09 95.28 72.27

Where, 6 %= Genotypic variance, ¢ % = Penotypic variance, GCV= Genotypic coefficient of variation, PCV= Phenotypic coefficient of
variation, h?= heritability, GA= Genetic advance

Table 2: Clustering pattern of 35 genotypes of Finger millet on the basis of D? statistics

Clﬁsot.er Nv(\)/'i f;iﬁecqﬁgffs Genotypes in cluster
I 19 PCGF 36, DFM 1101, DN 7, DN 11, DN 9, DFM 1105, PCGF 31, DN 2 DN 4, DN 10, DFM 1106, IFM
1101, DN 14, DN 8, DFM 1058, DN 12, DFM 1019, DFM 1051, DN 1
Il 6 PCGF 47, DFM 1023, DFM 4112, PCGF 44, DN 6, DFM 1028
1l 1 DM 13
[\ 7 PCGF 35, DFM 4009, PCGF 41, DFM 4055, DN 6, DFM 4010, DFM 4059
\ 1 DN 5
VI 1 IFM 1110
Table 3: Cluster mean of eleven characters in Finger millet
Cluster No. PH DFF FLA NTP PL NFP DM GYMP TGW GYP HI
[ 96.12 81.30 26.77 3.80 8.92 6.96 118.50 4.53 3.56 15.95 22.94
Il 98.53 75.25 29.68 3.08 8.77 6.72 109.23 2.98 2.70 8.72 13.28
1] 110.26 80.23 31.03 4.81 8.70 8.65 106.83 5.47 4.25 25.48 37.89
v 92.51 64.33 27.00 4.76 9.33 7.96 103.19 5.35 3.46 23.51 28.80
\Y 101.81 64.36 28.23 2.68 10.31 7.58 126.20 3.68 3.20 11.62 20.73
VI 86.56 94.20 43.26 5.79 7.02 6.50 134.46 5.00 4.02 20.52 28.64

Abbreviations

Plant Height (PH), Days t050% flowering (DFF), Flag Leaf Area (FLA), Number of Tillers per Plant (NTP), Panicle Length (PL), Number of
Fingers per Panicle (NFP), Days to Maturity (DM), Grain Yield of Main Panicle (GYMP), 1000-Grain weight (TGW), Grain Yield per Plant
(GYP), Harvest Index (HI).
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Fig 1: Clustering pattern of 35 finger millet genotypes on the basis of D? statistics by Tocher’s method
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Table 4: Mean intra and inter cluster distance (D?) among six clusters in Finger millet

Cluster | Cluster |1 Cluster |11 Cluster IV Cluster V Cluster VI
Cluster | 176.39 392.53 268.91 1137.34 901.05 653.03
Cluster Il 237.86 488.10 818.35 597.12 1373.21
Cluster 111 0.00 728.14 954.33 1024.10
Cluster IV 348.25 572.10 2845.20
Cluster V 0.00 2367.30
Cluster VI 0.00
Table 5: Percentage contribution of eleven characters towards Multivariate analysis in Finger millet (Eleusine

genetic divergence in Finger millet

S. No. | Source | Times Ranked 1°t Contribution %
1 PH 0 0.00
2 DFF 310 51.20
3 FLL 12 2.02
4 NTP 9 1.50
5 PL 38 6.20
6 NFP 19 3.00
7 DM 78 13.11
8 GYMP 22 3.86
9 TGW 7 1.10
10 GYP 76 12.80
11 HI 31 5.21
Conclusion

In the present study, 35 genotypes of finger millet were
grouped into six clusters using Tocher’s method. The
genotypes in cluster IV and cluster VI, exhibited high degree
of genetic diversity. Cluster 11l was suitable for grain yield
per plant, 1000-grain weight, yield of main panicle and
harvest index. Days to 50% flowering and grain yield per
plant contributed maximum towards genetic divergence.
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