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ABSTRACT

The present study was aimed to characterize 520 finger millet germplasm using multivariate traits. Wide
variation was observed for most of the traits indicated the scope of improvement of these characters by direct
selection. Phenotypic correlation between grain yield per plant was highly significant and positively associated
with number of basal tillers per plant, number of fingersper ear and straw weight. Whereas, grain yield per plant
is negatively associated with days to fifty per cent flowering. Principal component analysis reveaed that the
first four components contributed about 65.06 per cent of the total variability. The proportions of the total
variance attributed to thefirst four principle componentswere 20.07, 18.72, 15.05 and 11.22 per cent, respectively.
The characters Days to 50 per cent flowering, finger length and straw weight were the most important traits
contributing for the overall variability. Thisimplied that these traits should be given emphasis in finger millet
improvement programme. K means clustering method based on 8 quantitative traits among 520 finger millet
germplasm was able to separate and grouped them into 23 clusters. The variability present in the finger millet
germplasm gives opportunity for plant breeders for effective selection of specific donor lines for genetic

improvement of finger millet.
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Finger millet isimportant small millet growniniIndia
Itisastaplefoodin many hilly regionsof the country.
It isgrown both for grain and forage. Grains are rich
in mineralsand aretherichest source of calciumused
in many preparations like cakes, puddings, sweet etc.
itisalsoarich sourceof iron, protein, fiber and other
mineralsand isagluten freefood. It haslow fat content
and containsmainly unsaturated fat. Duetorich fiber
content finger millet is believed to be agood laxative
and prevents constipation. It isagood food for People
who suffering from diabetes, liver diseases, high blood
pressure, heart weakness and asthma. Its green straw
issuitable for making silage. The major finger millet
growing states are Karnataka, Uttarakhand,
Maharashtra, Tamil Nadu, Odisha, Andhra Pradesh
and Gujarat.

InIndiaitiscultivated over an areaof 11.96 lakh
ha with total production of about 19.2 lakh tonnes
and with productivity of 1604 kg/ha during the year
2013-14 (Anon., 2014). Of thetotal areaunder finger
millet Karnataka al one occupies 60 per cent followed
by Uttarakhand and Maharashtra with 10 per ecnt

each. Karnataka contributes nearly 70 per cent of
finger millet production in the country followed by
Uttarakhand and Maharashtra with about 9 per cent.
Tamil Nadu has the highest productivity (2580 kg/
ha) followed by Karnataka (1801 kg/ha) and
Uttarakhand (1372 kg/ha).

The value of germplasm is realized only when
characterized for morpho-agronomic traitsto unearth
new gene combinations for use in crop improvement
programmes. Principal Component Approach (PCA)
and cluster analysis serve as potential tools in
evaluating the phenotypic diversity. Itisvery helpful
in deciding which traits of crop contributing most to
yield. Subsequently these agronomic traits should be
emphasized in the breeding programme. Cluster
analysis identifies and classifies objects individuals
on the basis of similarity of characteristics they
possess. It seeks to minimize within group variance
and maximize between group variance. It is helpful
for parental selection in the breeding programme and
crop modeling.
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The National Active Germplasm site (NAGS) at
PC Unit, Small Millets, University of Agricultura
Sciences, Bangalore holds large number of finger
millet germplasm accessions, thesewere characterized
and 520 core set accessions were developed. These
core set was utilized in our present study for evaluation
and characterization with an objective of
characterizing 520 finger millet germplasm by means
of quantitative traits to understand association of
various traits. PCA and clustering analysis which
enableto classify theminto distinct phenotypic groups
based on their genetic variability.

MATERIAL AND METHODS

The experimental material for the present study
comprised of 520 core accessions of finger millet
availableat National Active Germplasm site (NAGS),
PC Unit, Small Millets, University of Agricultura
Sciences, Bangalore. Core collection consists of a
limited set of accessions derived from an existing
germplasm collection chosen to represent the genetic
spectrum in the whol e collection.

Evaluation and characterization of these 520
finger millet core germplasm accessions and 3 check
varieties were grown in augmented block design
during kharif 2015. The characterization site,
Bengaluru located at 13° 05" N latitudeand 7?7 34"E
longitudes. The center is at an altitude of 924 meters
above mean sealevel. Theannual rainfall rangesfrom
528 mm to 1374.4 mm with the mean of 915.8 mm.
The germplasm accessionweredivided into 13 blocks,
each consisted of 40 accessions and 3 check varieties
namely GPU 45, GPU 28 and PR202. Each accession
was grown in single row of 3 meter length, spaced
30cm apart, plant to plant spacing within therow was
10 cm. Crop was supplied with recommended dose
of fertilizer of 50kg N ha*, 50 kg P,O,ha* and 50 kg
K,O ha'as abasal dose and 50 kg N ha* at the time
of earthing up. The experiment was provided with life
savingirrigation and protected from weeds, pests and
diseases.

Observations were recorded from 5 randomly
selected plants in each accessions for 8 quantitative
characters such as Daysto 50 per cent flowering, Plant
height (cm), Number of basal tillers, Finger length
(cm), Finger width (cm), Number of fingers per ear,

Grain yield per plant (g) and Straw weight (g) as per
the descriptors for Elusine corocana (Anonymous,
1985) except days to flowering. Flowering was
recorded on single row basis.

Mean, Range, variance and standard deviation
wereworked out by adapting standard methods (Panse
and Sukathme, 1964) using SPSS statistical package.
Phenotypic correlation coefficients were calculated
using the formula as suggested by Johnson et al.
(1955). Phenotypic correl ations were estimated among
all traitsin the entire germplasm and identified number
of significant and meaningful correlation.

Thedatacollected for all quantitative characters
were subjected to analysis of variance for augmented
block design according to the method suggested by
Federer and Raghavarao, 1975. Principal Component
Analysis (PCA) was computed using WINDOWS
STAT statistical package as suggested by Johnson and
Wichern (1988). PCA was computed for 8 quantitative
traits to find out the relative importance of different
traits in capturing the variation in entire core
germplasm. Eight quantitative traits were subjected
tomultivariate K meanscluster (Lloyd, 1982) analysis
using the software WINDOWS STAT.

ResuLTs AND DiscussioN

The mean range and variance for al the eight
guantitative traitsare givenin Tablel. Daysto 50 per
cent flowering was ranged from 31(GEC - 90) to 90
(GEC - 204) days, with mean value of 62.15. This
shows that wide variation exists in the germplasm.
GEC-90 and GEC-87 accessionsearly to flower, hence
these accessions could be utilized for developing early
duration varieties in finger millet. In the entire core
set GEC 242 showed lowest plant height of 66.80 cm.
Accession GEC73, GEC 1 and GEC 294 recorded
more number of basal tillersof 8.20, 7.80and 7.80 in
the entire set of core accessions. With respect to the
character finger length and number of fingers per ear,
widerange of variation wasobserved from 2.60 (GEC
186) to 11.6 (GEC 516) cm for finger length, 4.60
(GEC 300) to 11.4 (GEC 169) for number of fingers.
Accessions GEC 516, GEC 17, GEC 169, GEC 13
could be used to develop high yielding varieties as
these accessions are having high finger length and
maximum number of fingers per ear. Similarly for the
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TaBLE ]
Patter n of genetic variability for 8 quantitative traitsin 520 finger millet core germplasm
Characters Mean Range Minimum  Maximum  Variance  Std. Deviation Sem
Days to 50% flowering 62.15 59.00 31.00 90.00 42.30 6.50 0.29
Plant height (cm) 104.19 177.20 66.80 244.00 246.95 15.71 0.69
Number of basal tillers 3.91 7.00 1.20 8.20 0.94 0.97 0.04
Finger length (cm) 5.78 9.00 2.60 11.60 2.18 1.48 0.06
Finger width (cm) 0.92 2.70 0.44 3.14 0.06 0.25 0.01
Number of fingers per ear 6.94 6.80 4.60 11.40 1.07 1.03 0.05
Straw weight/plant (g) 53.06 162.85 8.50 171.35 468.26 28.25 1.23
Grain yield/plant (g) 959 1895 2.2 21.15 15.404 3.92 0.17

character grain yield per plant ranged from 2.20 g to
21.15 gwith meanyield of 9.59. Accessions GEC 529
(21.15g), GEC 399 (21.13 g) and GEC 258 (21.06 g)
showed maximum grain yield. Straw weight ranged
from 8.50 g (GEC 380) to 171.35g (GEC 365),
Maximum straw weight was recorded by accessions
GEC 365 (171.35 g) and GEC 51 (170 g). Similar
results for wide range of variations for plant height
and grain yield per plant (Ganapathy et al., 2011),
finger length and number (Sarjan et al., 2018) and
plant height and productivetillers (Owereet al., 2015)
were reported earlier. Top 20 accessions of finger
millet identified for their superior agronomic traits
are presented Table I1. This wide range of variation
for al the characters can be exploited to develop high
yielding dwarf and early type varietiesof finger millet.
Similarly these accessions can be used as parent for
hybridization to improve some specific traits in
released varieties.

Analysis of variance showed significant
difference for al the quantitative characters in the
entire core set of accessions suggesting significant
variability for all the traits. Hence, there is an
opportunity for plant breeder to undertake further
breeding activities like hybridization programme.
Substantial variationinfinger millet has been reported
in previous studies by Naik et al. (1994) and Prasad
Rao et al. (1994).

Correlation
Grain yield is a complex character influenced
by alarge number of other component characters. A

knowledge on the association between yield and other
biometrical traits and also among component traits
helps in improving the efficiency of selection. The
correlation between the characters may exist due to
various reasons such as pleiotropy, genetic linkage
and association of loci or blocks of loci governing
variability for different characters located on same
chromosome.

The association of all morphological traits was
estimated by correlation analysis (TableI11). Among
the 8 morphological traits studied Number of basal
tillers per plant (0.297), Number of finger per ear
(0.127) and straw weight (0.299) had significant
and positive correlation with grain yield per plant at
P=0.01level. Earlier workers Kadam et al, 2009 and
Dagnachew et al, 2012 reported that number of
number of fingers per ear and productive tillers per
plant has significant positive association with grain
yield. Similarly days to 50 per cent flowering has
significant positive correlation with plant height
(0.109), Finger length (0.094). Plant height has
significant positive association with finger length
(0.242), finger width (0.190) and straw weight (0.369).
Number of productivetillers plant, finger length and
finger width has significant positive association with
straw weight. Maximum positive correl ation observed
for most of the characters with grain yield per plant,
indicated that all these characters could be
simultaneously improved and it also suggested that
increase in any one of them would lead to
improvement in other character. Hence selection
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TasLE 11
Phenotypic correlation co-efficient between 8 quantitative traitsin 520 finger millet germplasm

No. of

Daysto 50% Plant Finger Finger No. of fingers Straw weight  Grain yield

Characters ¢ 0\ evi ng height (cm) t?ﬁ?ls length (cm)  width (cm) per ear per plant (g)  per plant (g)
Daysto 50% 1.000 0.109 * -0.070 0.094 * -0.001 - 0.230 ** 0.107 - 0.263 **
flowering

Plant height (cm) 1.000 - 0.116 ** 0.242 **  0.190 **  -0.027 0.369 ** -0.011

No. of basal 1.000 - 0.020 0.021 0.023 0.212 ** 0.297 **  Tillers
Finger length (cm) 1.000 0.130 ** 0.049 0.145 **  -0.018
Finger width (cm) 1.000 0.010 0.110 * 0.045

No. of fingers per ear 1.000 - 0.153 ** 0.127 **
Straw weight per 1.000 0.299 **
plant (g)
Grainyield per 1.000
criteria should consider all these characters for the TABLE IV

improvement of grain yield in finger millet.

Significant negative correlation observed for
daysto 50 per cent flowering (-0.263) with grainyield
per plant (P = 0.01). this indicates that increase in
one character would lead to decrease in other
character. Negative association of days to flowering
with grain yieldisbeneficial association because early
types are most preferred by farmers. Early typeswill
escape from drought situations. Similarly daysto 50
per cent flowering has negative association with grain
yield has been reported by T hippeswamy and Sajjanar
(2017) in foxtail millet.

Principal Component Analysis

PCA was applied as a reductionist approach of
the multivariate data, to measure the importance and
contribution of each component to thetotal variance.
PCA providesinformation on the independent impact
of aparticular trait to thetotal variance, wherein each
coefficient of Eigen Vectors indicates the degree of
contribution of every origina variable, with which
each principal component isassociated. PCA analysis
revealed the importance of the first five principal
components in discriminating the entire core set of
finger millet germplasm. The percentage of variation
explained by thefirst four principal components and
the vector loadingsfor each agronomic charactersand
PC aregivenin Table V.

Vector loadings and percentage of variation
explained by the first four principal
Componentsin 520 fingermillet germplasm

PC1 PC2 PC3 PC4
Eigen Value 161 150 120 0.9
Variance explained (%) 20.07 18.72 15.05 11.22
20.07 38.80 53.84 65.06

Cumulative variance
explained (%)

Eigen vectors
Daysto 50% flowering 0.51 0.15 035 0.16

Plant height (cm) 047 -029 -026 0.05
Number of basal tillers -0.26 -043 040 0.01
Finger length (cm) 035 -025 -036 041
Finger width (cm) 022 -032 -029 -0.79

Number of fingers -0.31 -0.16 -0.53 0.38
per ear

Straw weight/plant (g) 0.28 -0.46 0.38 0.18
Grainyield/plant (g) -0.34 -055 0.10 0.01

The percentage of total variation explained by
four principal components was 65.06 per cent. The
PC 1, the most important coordinate accounted for
20.07 per cent in the entire core set germplasm. PC 1
separates accessions mainly on 5 traits (Days to 50
per cent flowering, Plant height, Finger length, Finger
width, and straw weight). Days to 50 per cent
flowering (0.51) contributed more to the variation
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followed by plant height (0.47), Finger length (0.35),
straw weight (0.28) and finger width (0.22) had the
highest loadings in PC1 indicating their significant
importancefor these components. Thesetraits had the
largest participation in the divergence and carried the
largest portion of its variability. All other characters
contributed negative to the first component.

Second principle component (PC 2) contributed
18.72 per cent of the total variation. A day to 50 per
cent flowering isthe only character which contributed
more to the variation while all other character
characters contributed negatively. In third principal
component (PC3) characters viz.,, Number of basal
tillers (0.40), straw weight (0.38) and Days to 50 per
cent flowering (0.35) contributed more for variation.
Likewisethefourth principal component contributed
11.2 per cent of the total variation. The major
characters that contributed highly to the variation
include finger length (0.41), Number of fingers per
ear (0.38), straw weight (0.18) and daysto 50 per cent
flowering (0.16). Considering the principle component
analysisin the entire core set germplasm, three traits
(Daysto 50 per cent flowering, finger length and straw
weight) expressed more variance in the first four
principle component analysis, indicating their
importance for characterization of finger millet
germplasm accessions and these traits could be
effectively used for further breeding programmes to
create more variability. Characters with high
variability are expected to provide high level of
transgressive segregation in breeding populations.
This is important for breeder to investigate high
yielding, early maturing and dwarf varieties through
conventional breeding. Similar findings with regard
to contribution of charactersto total variance Salini
et al. (2010) in proso millet observed grain yield per
plant, plant height, days to flowering and productive
tillers per plant were contributed more for variance.
Likewisein maize, Azad et al. (2012) reported traits
such as grain yield per plant and plant height
contributed more for total variance.

Diversity Analysis

K means cluster analysis based on quantitative
traitsdivided 520 core set finger millet germplasmin
to 23 clusters (Table V). The clustering pattern could
be utilized in choosing the diverse genotypes which

werelikely to generate the highest possiblevariability
for various economic characters. Cluster 6 was the
largest comprising of 42 accessionswhich were mostly
characterized by tall plantswith longer finger length
and low yielding accession. Cluster 13 comprising of
41 accessions which were predominantly
characterized by dwarf types with medium duration
accessions. Apart from cluster 6 and 13 large number
of coreaccessionswere grouped in clusters 3, 18, 16,
23 and 14 with 35, 34, 32, 30 and 29 accessions,
respectively.
TaBLeV
Number of accessions constituted in 23 clusters
of 520 finger millet germplasm

Cluster No. of Accessions Cluster No. Qf
number in the cluster number . Accessions
in the cluster
1 13 13 41
2 23 14 29
3 35 15 13
4 14 16 32
5 8 17 16
6 42 18 34
7 27 19 25
8 17 20 21
9 25 21 1
10 25 22 14
11 28 23 30
12 7

Cluster 21, 12, and 5 has less number of
accessions. These clusters had wide diversity for
various characters. Hybridization using genotypes
belong to cluster 21, 12, and 5 might be used for
exploitation of hybrid vigour. Similar results were
reported by Salini et, al. (2010) using Proso millet
genotypeswere grouped into 17 clusters. Geethanjali
and Jagadeeshwar (2016) reported four clusters in
foxtail millet and Ulaganathan and Nirmalakumari,
2015reported 16 clustersin finger millet germplasm.
Murugan and Nirmalakumari (2006) grouped seventy
five genotypes into nine clusters, Selvarani and
Gomathinayagam (2000) grouped fifty genotypesinto
six clusters, Maloo and Bhattachargee (1999) grouped
forty genotypes into four clusters in foxtail millet
germplasm.
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TaBLE VI
The average of 8 quantitative traits for each cluster in 520 finger millet Germplasm
Cluster  Daysto 50% Plant No. of basal Finger Finger No. of fingers Straw weight ~ Grainyield
number flowering  height (cm) Tillers length (cm)  width (cm) per ear per plant (g)  per plant (g)
1 44.69 92.32 4.42 5.13 0.90 8.29 7.15 12.67
2 67.00 108.27 3.42 6.28 0.98 6.37 55.00 5.20
3 62.14 101.97 3.99 5.52 0.88 7.04 46.30 9.08
4 57.93 113.26 5.20 6.44 1.07 6.74 96.95 17.45
5 37.88 112.00 4.64 6.62 1.13 7.28 66.30 13.52
6 67.36 120.86 3.32 5.89 0.99 6.43 62.05 6.59
7 58.48 100.08 4.56 5.54 0.86 7.44 55.05 15.73
8 67.18 98.76 3.64 5.91 0.83 6.49 48.60 5.14
9 59.28 84.58 3.80 4.73 0.89 7.36 34.95 9.73
10 63.20 107.08 3.92 6.10 0.86 6.88 54.30 8.00
11 58.36 93.67 4.09 5.38 0.84 7.31 46.60 12.04
12 69.86 77.00 401 6.10 0.83 5.97 37.00 4,14
13 61.90 89.72 3.72 5.01 0.86 6.79 29.15 8.25
14 65.28 126.27 3.93 6.41 1.09 6.84 70.95 10.69
15 60.54 73.22 3.98 452 0.77 6.52 33.55 8.52
16 60.69 107.97 4.14 5.87 0.92 7.21 56.85 12.46
17 68.19 137.91 3.74 7.12 0.90 7.01 65.05 6.32
18 61.32 96.04 3.88 5.58 0.92 6.99 42.15 10.77
19 61.20 117.11 3.98 6.52 0.97 7.09 65.50 12.74
20 63.67 95.51 3.61 5.53 0.89 6.85 46.25 6.80
21 62.00 244.00 2.20 454 0.94 6.80 32.50 13.89
22 70.21 90.16 3.93 5.48 0.91 6.44 47.70 5.35
23 64.07 112.35 3.73 6.43 0.95 7.06 58.05 8.70

Cluster means for all eight quantitative
characterstraitswere presentedin Table V1. Accession
in the cluster four had shown more grain yield
followed by cluster 7, cluster 21 and cluster 5.
Whereas genotypesin cluster 12 has less mean grain
yield. Other cluster which showed less mean grain
yield are cluster 22, cluster 2 and cluster 8.

Accessions which are present in these diverse
clusters can be utilized for hybridization to get
transgressive segregants for the trait, which could be
used for devel oping superior high yielding varieties.
Accessionswhich are presentinthe clusters 9, 13, 22
and 1 comprised of dwarf types, these accessions
could be utilized in devel oping dwarf typesin finger
millet. Cluster 4, 5and 7 comprised of accessionswith
more number of tillers. Accessionswhich are present
in clusters 1, 5, 7, 9 and 11 have more number of

fingers. These accessions could be utilized in
developing high yielding types as number of
productive tillers is positively correlated with grain
yield. Likewise genotypes in diverse clusters could
be utilized in hybridization programme to develop
highyielding, dwarf and early duration typesinfinger
millet.

Germplasm evaluation and characterization is
important for plant breeders and multivariate
statistical analysis provides a means for estimating
morphological diversity between germplasm
accessionsthesetoolsare useful for the evaluation of
potential breeding value of germplasm. In the present
study wide variation was observed for quantitative
traits. In PCA traits Days to fifty percent flowering,
finger length, straw weight and finger width were
found as more important for characterizing finger
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millet germplasm, as these traits explained more
variation. For selection of yield number of basdl tillers
and number of fingers per ear could beindirectly used
for selection as these traits are positively correl ated.
Intercrossing between genotypes of diverse clusters
would generate broad spectrum of variability for
effective selection in segregating generations for
development of high yielding cultivars. Accession
GEC 254 formed solitary cluster and found to be more
variable thus crosses among the genotypes would
exhibit high heterosis and may produce new
recombinants with desired characters.
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