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Abstract

Two-hundred and twenty-five finger millet germplasm accessions obtained from
the Ethiopian Institute of Biodiversity and Adet Agricultural Research Center were
evaluated in 15x15 simple lattice design with two replications at Koga Irrigation
trials site during the 2016/17 dry season. The objective of the study was to assess
the genetic diversity of finger millet genotypes based on morpho-agronomic traits.
Data were collected on 16 morpho-agronomic traits. Analysis of variance, and
cluster and principal component analysis were carried out, and estimates of
genotypic and phenotypic coefficient of variability, broad sense heritability, and
expected genetic advance were made. The analysis of variance revealed that finger
millet accessions were significantly different for all of the traits except to days to
emergence and number of fingers/ear-head. Genotypic and phenotypic coefficients
of variation were highest for numbers of ear-heads/plant with values of 27.11%
and 25.03%, respectively. Estimates of broad sense heritability were highest for
clum diameter (95.35%) and the lowest for number of ear-heads/plant (3.04%).
The expected genetic advance from selection of the top 5% of the accessions
ranged from 18.4% for grain yield/plot to 51.46% for ear-heads/plant. The first six
PCs explained about 65% of the entire genetic variations with 17.9%, 13.7%,
11.1%, 8.8%, 7% and 6.5% of the total variation accounted by the first to the sixth
PCs respectively. Cluster analysis based on the 16 morpho-agronomic traits
revealed five distinct clusters comprising 13 to 64 accessions. Culm diameter,
numbers of ear-heads/plant, ear-head width, and grain yield/plant could be used
as selection criteria due to high GCV, heritability and genetic advance. Overall,
the results of the study depicted the presence of sufficient genetic diversity among
finger millet accessions for further use in breeding program.
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Introduction

Finger millet (Eleusine coracana subsp. Coracana, 2n= 4x =36) is one of the main
subsistence cereal crop in Africa and India. Currently, it is grown and used in over 25
countries of Africa and Asia mainly as a staple food grain (Zerihun, 2009). Annual world
production of finger millet was 4.5 million metric tons of grain (ICRISAT, 2008).
Annually Africa produces more than 2 million metric tons, which is about 50% of world
finger millet production (National Research Council, 1996). In Ethiopia, annual grain
production of finger millet in the 2016/17 cropping season was 1017059.2 tons from
about 456,171 ha of land. It accounts for about 10-20% of the total cereal production in
the country (CSA, 2017). In Ethiopia, finger millet is the 6™ important cereal crops after
tef, wheat, maize, sorghum and barley. Ethiopia is the second largest producer of finger
millet in east and central Africa, and millions of people directly depend on the crop as
major source of energy and protein (Zerihun, 2009). Finger millet is grown almost in all
parts of the country. In Ethiopia, finger millet is grown in diversified agro-ecologies with
high genetic diversity and its utilization is deep rooted in the culture of the people
(Kebede and Menkir, 1986). It is mainly grown in the northern, northwestern, western,
and eastern part of the country, during the main growing season. In north-western parts of
the country, finger millet covers about 246,666 ha of land giving 557,331.1 tons grain
yield, which accounted 54.8% of the total national production (CSA, 2017).

In Ethiopia, Finger millet is an indigenous crop utilized as both food grain and animal
feed. It is grown as a staple food grain in parts of Ethiopia, where drought incurs high loss
on crop production and as food security crop in several other parts of the country where
low and erratic rainfall has adverse effects on other food crops (Zerihun, 2009; Misra et
al., 2010). The crop is considered as highly nutritious cereal with enhanced levels of
essential nutrients compared to rice, maize and sorghum (Hulse et al., 1980), and it also
owes good storage qualities (Dida et al., 2007). Finger millet grain has better market price
compared to maize (Chimdo et al., 2006), and contain 65-75% carbohydrates, 5-8%
protein, 15-20% dietary fiber and 2.5-3.5% minerals (Chetan and Malleshi, 2007), and
0.3-0.4% calcium (Panwar et al., 2010). It is one of the few hardy crops that can adapt
best to future climate change conditions, mainly the increasing drought, soil salinity, and
high temperatures.

Despite its importance, the national average grain yield in Ethiopia is low, 2.2 tons/ha
(CSA, 2017) far below its genetic potential yield of 3 tons/ha (Taddesse et al., 1995). Its
low productivity has, among others, been due to drought, shortage of improved varieties,
the lack of appropriate agronomic packages, head blast, low soil fertility, and lodging
(Andualem, 2008; Degu et al., 2009; Zerihun, 2009; Molla, 2010).

The availability of genetic variability in a gene pool is a prerequisite for a successful
breeding program (Aditya et al., 2011) to achieve the expected genetic improvement
through selection. Furthermore, the success of selection depends on the availability of
heritable variances (Dabholkar, 1992). Understanding the genetic basis of yield and yield
traits as well as genetic variation and relationships between accessions is vital to exploit
the existing genetic variability and its potential use in breeding programs (Thormann et
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al., 1994). The use of physiological parameters on top of morphological traits is highly
crucial and important to estimate genetic diversity and its components to enhance crop
improvement on the target traits. Previous studies on genetic diversity of finger millet
accessions in Ethiopia concentrated on limited numbers of accessions collected from high
land and/or midland growing areas and little information is available on the low land
collections (Kebere et al., 2006; Andualem, 2008; Dagnachew et al., 2012; Awol et al.,
2013). Hence, this study was undertaken to assess the genetic diversity of finger millet
genotypes based on morpho-agronomic traits.

Materials and Methods

The experimental site

The accessions were evaluated at Koga irrigation experimental site of Adet Agricultural
Research Center (AARC) in 2016/17 dry season. It is located at 110 24°47”N latitude and
37°8°55°E longitude with an altitude of 1960 m.a.s.| about 42 km south of Bahir Dar town.
The testing site receives a mean annual rainfall of 1117 mm, with average minimum and
maximum temperatures of 13 °C and 26 °C, respectively. The experimental site is
characterized by a heavy clay red Nitosol soil, and represents the major finger millet
production area in northwestern parts of Ethiopia (AARC, 2016).

Plant materials

Two-hundred and twenty-five finger millet germplasm accessions obtained from the
Ethiopian Biodiversity Institute (EBI) and Adet Agricultural Research Center
(AARC) were included in this study. The passport data of the plant materials
including the accession numbers as well as locality, longitude, latitude and
altitudes of collection have been indicated on Table 1. The accessions were
selected based on altitude range from 400 to 1250 m.a.s.l, which represents the
lowlands of finger millet growing areas of Ethiopia.

Experimental design and layout

The accessions were laid out 15 x 15 simple lattice designs with two replications. Each
accession was planted in two rows of 2 m length and, 0.4 m width with a plot size of 0.8
m?. The spacing was 1 m between blocks and 2 m between adjacent replications.
Genotypes were regularly watered using surface furrow irrigation at a weekly interval
until physiological maturity. The experiment received 22 times irrigations until
physiological maturity. Seeds were sown in rows with hand drilling at a rate of 15 kg/ha.
Plots were fertilized with 60 kg/ha P,Os and 60 kg/ha N. The former was applied in the
form of DAP at planting and N was applied in the form of urea twice at planting and
tillering stage (40 to 45 days after planting). All agronomic and cultural practices were
applied uniformly to all accessions as required.

Data collection

Data were recorded on 16 morpho-agronomic traits on plot and plant basis using
descriptors for finger millet (IBPGR, 1985). Five representative plants were randomly
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selected from the middle rows of each plot. Morpho-agronomic data such as plant height,
culm diameter, finger length, numbers of total tillers per plant, ear-head width, number of
fingers per ear-head, and ear-heads per plant, and grain yield per plant were collected on
per plant basis using five randomly selected plants in each plot. Data such as days to
heading, days to physiological maturity, grain filling period, above ground biomass, grain
yield, thousand seed weight and harvest index were collected on the whole plot basis.

Data analysls

Data on morpho-agronomic traits were subjected to analysis of variance (ANOVA)
following simple lattice procedure of SAS statistical software version 9.00 (SAS Institute,
2004). Cluster analysis based on Ward linkage method and correlation matrix based
principal component analysis were conducted using MINITAB software vision 17
(MINITAB, 2017). The means were used for cluster and PCA analysis and calculating the
genetic distance between groups. The mean values of each trait were pre standardized to
mean zero and variance unity in order to avoid bias due to measurements scales (Ruiz et
al., 1997). The phenotypic (op), genotypic (c°g) and error (c%e) variances were
calculated from expected mean squares of analysis of variance according to Hall Auer and
Miranda (1988), and Singh and Chaudhary (1985) and genetic advance and genetic
advance as percent of mean (GAM) were estimated following the formula adopted by
Johnson (1955) and Allard(1960).

e Genotypic variance(GV) = (MSg — MSe)/r
e Phenotypic variance(GV) = (62g + o2e)/r or c2g + MSe/r
e Phenotypic coefficient of variation (GCV) = [(Ve2p * 100)/(X)]

e Phenotypic coefficient of variation (GCV) = [(Ve62g * 100)/(X)]
e Heritability broad sense (H?) = [62g/02p]x 100

e Genetic advance (GA) = k * op * H?

e Genetic advance as percent of mean (GAM) = GA * 100

Where, up = phenotypic standard deviation, H? = broad sense heritability and k = the standardized
selection differential at 5 % selection intensity (2.063), r = replication and X = mean for the trait

Results and Discussion

Simple statistics

The existence of wide ranges of variations between minimum and maximum values of
each trait (Table 1) indicates the presence of considerable variation among the accessions
studied. This variation provides ample opportunities for the genetic improvement of the
crop through breeding. Days to heading varied from 115 to 103 days with a mean of 108.7
days. Days to maturity varied from 175.5 to 142.5 days with a mean of 149.81 days. Mean
grain filling period was 41.4 with a range of 33.5 to 56.5 days. Ear head per plant ranged
from 2.3 to 9 with a mean of 5.3. Mean total tiller per plant was 9.14 with ranges of 5.9 to
13.7. Mean ear head width and finger length were 0.62 and 11.13 cm with ranges of 8.6 to
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15.1 and 0.31 to 1.04, respectively. Culm diameter varied from 0.19 to 0.53 mm with a
mean of 0.37 mm. Mean fingers per ear head was 5.69 with a range of 4.5 to 7.6. Mean
grain yield/plant and grain yield/plot was 0.07 and 3000 with ranges of 0.11 to 0.02 and
1600 to 4300, respectively (Table 2). Similar results in ranges and mean values for most
of the traits were reported in previous study on finger millet genotypes (Kebere et al.,
2006; Nirmalakumari et al., 2010; Ganapathy et al., 2011; Shinde et al., 2014).

Analysis of variance

The analysis of variance (ANOVA) revealed highly significant differences (P<0.01)
among the accessions for all 16 morpho agronomic traits, except for number of fingers per
ear head (Table 2), indicating that the presence of high genetic diversity among finger
millet accessions. High morpho-agronomic trait differences among finger millet
accessions have been previously reported by several authors (Kebere et al., 2006; Awol et
al., 2013; Dagnachew et al., 2013; Shinde et al., 2014; Ganapathy et al., 2011).

Table 1. Finger millet accessions showing minimum and maximum values and grand mean for 15
quantitative traits tested at Koga, 2016/17.

Trait Mini. Accession Maxi. Accession Mean + SD
Days to heading 103.0 | Acc#203436 | 115.0 | Acc#214997 | 108.662+2.548
Days to maturity 142.5 | Acc#203274 | 170.5 | Acc#214996 | 149.807+5.070
Grain filling period 33.5 | Acc#203484 | 56.5 Acc#214996 | 41.144+4.079
Plant height 64.8 | Acc#203542 | 112.0 | Acc#203533 | 87.942+8.153
Culm diameter 0.19 | Acc#235842 | 0.530 | Acc#203456 | 0.368+0.065
Finger length 8.6 Acc#235843 | 15.1 Acc#203530 | 11.126+1.161
No total tillers/plant 5.9 Acc#203542 | 13.7 Acc#203316 | 9.142+1.399
No. ear-heads/plant 2.3 Acc#203342 | 9.0 Acc#203431 5.299+1.383
Ear-head width 0.31 | Acc#203538 | 1.04 Acc#203495 | 0.617+0.156
No fingers/ear-head 45 Acc#203257 | 7.6 Acc#203423 5.685+0.656
Grain yield/plant 0.02 | Acc#203364 | 0.10 Acc#203343 | 0.069+0.015
Above ground biomass | 1.45 | Acc#229469 | 2.40 Acc#203403 | 2.091+0.166
Grain yield/plot 0.106 | Acc#203401 | 0.347 | Acc#203471 | 0.252+0.049
Thousand seed weight | 0.002 | Acc#203264 | 0.004 | Acc#203488 | 0.003+0.0005
Harvest index 0.049 | Acc#203401 | 0.202 | Acc#203542 | 0.121+0.025

Estimates of variance components, heritability and genetic advance
Genotypic and phenotypic variance

Estimates of genotypic (og), phenotypic o’p) and environmental (c%) variability
estimates are presented on Table 3. The phenotypic variance was greater than the
genotypic variance for almost all the traits. Phenotypic variance was relatively high for
the traits like days to maturity, plant height and grain-filling period, showing phenotypic
expression of these traits was highly affected by environmental factors, and selection on
phenotypic bases for these traits may not be effective for genetic improvement.
Dangachew et al. (2012) found higher phenotypic variance for number of plant height,
grain yield/plant, and days to heading and maturity. In contrast, the value of genotypic
and phenotypic variance showed small differences for grain yield/plant, culm diameter,
above ground biomass and harvest index suggesting the traits are stable and less affected
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by environmental factors such that selection of genotypes based on these traits would be
effective.

Genotypic and phenotypic coefficient of variation

Genotypic and phenotypic coefficient of variations, broad sense heritability, and expected
genetic advance from selection of the top 5% of the accession are presented on Table 3.
The levels of diversity among the accessions were estimated based on the genetic and
phenotypic coefficient of variation. Genotypic coefficient of variation (GVC) varied from
25.03% for ear-head/plant and 1.54% for days to heading (Table 3). PCV and GCV
values below 10%, 10 to 20% and above 20% are considered as low, moderate and high,
respectively (Deshmukh et al., 1986). Hence, the highest GCV was obtained from ear-
head width (24.71%) followed by ear-heads/plant (25.03%). Grain yield /plant (11.05%),
harvest index (13.64%), culm diameter (17.22%) and grain yield/plant (18.3%) showed
relatively moderate GCV. Low GCV value were recorded for days to heading (1.54%),
fingers/ear-head (1.91%), days to maturity (2.61%), finger length (6.65%), total
tillers/plant (7.25%), grain filling period (7.45%), above ground biomass (7.26%) and
plant height (8.89%). Similar to the present findings, Kebere et al. (2006) and Shinde et
al. (2014) reported high to moderate GCV for grain yield/plant, culm diameter and ear-
heads/plant. On the contrary, moderate GCV value found on grain yield/plant
Sharathbabau et al. (2008) and plant height, total tiller/plant, finger/ear-heads Dagnachew
etal. (2012).

The highest phenotypic coefficient of variation (PCV) was recorded for ear heads/plant
(27.11%) and the lowest for days to heading (2.49%). High PCV values were recorded for
ear-head width (25.96%), harvest index (23.35%), grain yield/plant (23.26%) and grain
yield/plot (21.78%). PCV values of 10 to 20% were observed for total tillers/plant
(19.15%), culm diameter (18.50%), fingers/ear-head (15.4%), finger length (12.95%) and
grain filling period (11.08%). Days to heading (2.49%), days to maturity (3.47%), plant
height (9.46%) and above-ground biomass (8.6%) had low PCV value. In line with this
study, high PCV for grain yield and ear heads/plant were reported by Dagnachew et al.
(2012), Shinde et al. (2014), and Saundarya and Satish (2015). Low to moderate PCV
values were reported for fingers/ear-head, finger length, culm diameter and days to
maturity Ganapathy et al. (2011) and Dagnachew et al. (2012), ear head width, grain
filling period Kebere et al. (2006) ear heads/plant and grain yield Andualem et al. (2013).



Genetic diversity among Lowland Finger Millet

[99]

Table 2. Mean squares from analysis of variance of data on 15 morpho-agronomic traits of 225 finger millet accessions tested at Koga, 2016/17

Trait Replication Blocks within Replication Treatment(224) Intra Block RCBD Total Efficiency MSE R? CV (%)
(1) (Adj.)(28) (Unadj.) (adj.) Error (196) Error(224) (449) Relative to RCBD

DH 76.88* 8.57* 12.98 9.32* 4.48 4.99 9.14 105.17 4.55 78.60 1.96
DM 739.84* 2419 51.40 35.15* 11.16 12.79 3367 107.37 11.68 | 8550 8.20
GFP 339.74* 18.41* 33.27 25.5™ 10.69 11.66 2317 103.59 11.39 | 79.80 8.00
PH 105.9 10.77NS 132.96 109.47** 8.3 8.64 70.88 100.80 8.19 94.86 5.38
CD 0.0058* 0.00038NS 0.0084 0.0064* 0.0004 0.0004 0.0044 99.61 0.0004 | 96.10 | 11.11
FL 101.67* 2.296* 2.696 257" 1.50 1.60 237 102.17 1.53 7223 | 10.25
EHW 0.018NS 0.0032NS 0.049 0.044* 0.0023 0.0024 0.026 101.24 0.002 | 96.03 | 15.28
NTTP 0.90NS 3.90NS 3912 3.45™ 259 2.75 3.33 102.06 2.63 66.00 | 1042
NEHP 0.088** 0.41NS 3.824 3.56™ 0.30 0.31 2.06 101.23 0.30 93.60 7.95
NFEH 1.29NS 1.31NS 0.86 0.80NS 0.73 0.80 0.83 104.13 0.75 62.00 | 14.36
GYP 0.002** 0.00014NS 0.055 0.00038** 0.000102 0.00011 0.00028 101.02 0.0001 | 84.29 4.62
BM 0.012 0.0096* 0.007 0.0058* 0.0093 0.0093 0.032 102.62 0.0090 | 8746 | 18.77
GYL 0.012NS 0.0038NS 0.055 0.048* 0.0024 0.0025 0.0037 100.02 0.0040 | 72.09 | 18.38
TSW 8.278E-07NS 4.347E-07NS 4.054E-07 4E-06™* 4.348E-07 4.348E-07 4.2E-07 99.99 4.3E-07 | 64.90 20.7
HI 0.002NS 0.0012* 0.0019 0.0016* 0.00055 0.00061 0.00095 105.59 0.0008 | 74.87 | 18.96

DE=Days to emergency, DH=Days to heading, DM=Days to physiological maturity, GFP=Grain filling period, PH=Plant height, CD=Culm diameter, FL= Finger length, NTTP=
Numbers of total tillers/plant, NEHP= Number of ear-heads/plant, EHW=Ear-head width, NFEH= Number of fingers/ear-head, GYP=Grain yield/plant, BM=Above ground
biomass, GY=Grain yield, TSW=Thousand seed weight, HI=Harvest index , MSE = Mean square of error, CV= Coefficient of variation, R2- Root mean, NS= Non-significant, *
and ** Significant at 0.05 and 0.01 respectively, Adj= Adjusted treatment and Unadj = Unadjusted treatment.
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Heritability and genetic advance

Broad sense heritability (H%) and genetic advance on 14 significant morpho-agronomic
traits are given on Table 3. Estimates of heritability ranged from 3.04% for fingers/ear
head to 95.35% for culm diameter. High heritability values were obtained for grain
filling period (62.29%), days to maturity (72.45%), grain yield/plant (76.47%), above
ground biomass (83.17%), ear-heads/plant (92.03%), plant height (93.35%), ear-head
width (95.08%) and culm diameter (95.35%). This indicates low effects of
environment on trait expression. Days to heading (55.21%), harvest index (50.86%),
finger length (41.72%), grain yield/plot (40.55%), and total tillers/plant (25.05%) had
relatively moderate heritability values. The lowest heritability value was obtained for
fingers/ear head (3.04%) suggesting high environmental effect on the trait’s
expression. This result is in line with the finding of Dagnachew et al. (2012) and
Shinde et al. (2014), who reported high heritability for ear-head width, ear-
heads/plant, above ground biomass, grain filling period and plant height. High
heritability estimates were also reported for days to heading, culm diameter, days to
maturity, plant height and grain yield by Kebere et al. (2006) and Kadam et al. (2010),
for ear-heads/plant by Ganapathy et al. (2011), and for ear-heads/plant, days to
maturity and grain yield/plant by Kassahun and Solomon (2017). John (2006) and
Kadam et al. (2010) also reported moderate to high heritability for all characters
except days to maturity in finger millet genotypes. In contrary to this finding, Kebere
et al. (2006) noted low heritability values for plan height and ear-heads/plant in
experiment conducted at Arsi Negele using 66 finger millet accessions.

The highest expected genetic advance as percent of mean from selection of the top 5%
of the accessions was obtained for number of ear-heads/plant (51.46%) and the lowest
(0.97%) was for number of fingers/ear-head (Table 3). The traits with high expected
genetic advance values were grain yield/plot (18.4%), harvest index (24.6%), culm
diameter (35.49%), grain yield/plant (36.70%), ear-head width (50.93%) and ear-
heads/plant (51.46%). Moderate GAM estimates were obtained for finger length
(11.15%), grain filling period (14.24%), above ground biomass (14.76%) and plan
height (18.3%). In contrast, fingers/ear-head (0.97%), days to heading (2.48%), days
to maturity (5.19%) and total tillers/plant (9.9%) showed comparatively low values of
genetic advance expressed as percent of the mean (Table 3). In line with the current
result, Kadam et al. (2009) and Andualem et al. (2013) found high GAM estimates for
ear-heads/plant, for grain yield/plant by Dagnachew et al. (2012) and for grain
yield/plant and ear-heads/plant by Kassahun and Solomon (2017). John (2006) and
Kadam et al. (2010) also reported moderate GAM for all characters except days to
maturity in finger millet genotype. Contrary to the present results, Dagnachew et al.
(2012) and Shinde et al. (2014) reported low GAM for culm diameter in finger millet
accessions.

Heritability alone is not good indicator for genetic improvement. Johnson et al. (1955)
described that estimates of heritability along with genetic advance are good indicators
of for genetic improvement. Therefore, traits that showed high GCV, H? and GAM
would be important as a base for selection. In the present study, high heritability
values accompanied with high genetic advance estimates were obtained for culm
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diameter, ear-heads/plant, ear-head width, and grain yield/plant. Hence, culm
diameter, ear-heads/plant, ear-head width, and grain yield/plant showed large values
of the three parameters indicating that these traits are regulated by additive gene
action. Selection for higher culm diameter, ear-heads/plant, ear-head width, and grain
yield/plant may lead to high success rate in improving these traits through breeding
using these finger millet genotypes as a gene pool (Table 2). Similarly, high GCV, H?
and GAM estimates were found for ear-heads/plant (John, 2006), grain yield/plant
(Kadam et al., 2010; and Dagnachew et al., 2012), and ear-heads/plant (Andualem et
al., 2013). Contrary to this study, Kebere et al. (2006) and Shinde et al. (2014)
reported low GCV, H* and GAM for grain yield/plant in finger millet accessions.

Table 3. Estimates of variance components, heritability, coefficient of variances and genetic advance on 14 morpho-
agronomic traits for 225 finger millet accessions tested at Koga, 2016/17

Trait GV PV PCV GCV H GA GAM
Days to heading 2.80 7.35 249 1.54 55.21 3.09 2.84
Days to maturity 15.34 27.01 347 2.61 72.45 7.77 5.19
Grain filling period 9IH 20.80 11.08 745 62.29 5.86 14.24
Plant height 61.09 69.28 9.46 8.89 93.71 16.09 18.30
Culm diameter 0.004 0.0044 18.05 17.22 95.35 0.13 35.49
Finger length 0.55 2.08 12.95 6.65 41.72 1.24 11.15
Ear-head width 0.023 0.026 25.96 24.71 95.08 0.31 50.93
No total tillers/plant 0.44 3.06 19.15 7.25 25.05 0.90 9.90
No. ear-heads/plant 1.76 2.06 27.11 25.03 92.03 273 51.46
No finger/ear-head 0.012 0.77 15.40 1.91 3.04 0.05 0.97
Grain yield/plant 0.0002 0.0003 23.26 18.30 76.47 0.03 36.70
Above.gr. biomass 0.0230 0.032 8.60 7.26 83.17 0.31 14.76
Grain yield/plot 0.0012 0.005 21.78 11.05 40.94 0.06 18.40
Harvest index 0.0004 0.001 23.35 13.64 50.86 0.04 24.50

H= Brood sense heritability, MSE= Mean square of error, GV= Genotypic variance, PV= Phenotypic variance,
PCV= Phenotypic coefficient of variation, GCV= Genotypic coefficient of variation, GA= Genetic advance, GAM=
Genetic advance as a present of mean

Principal components analysis

Principal component (PCs) with eigenvalues greater than unity, and component
loadings greater than + 0.3 were considered to be meaningful and valuable (Hair et al.
(1998). The first six PCs, with eigenvalues greater than one contributed about 65% of
the total variation, with PC1, PC2, PC3, PC4 PC5 and PC6 in that order
explaining17.9%, 13.7%, 11.1%, 8.8%, 7% and 6.5% of the total variations (Table 4).
Days to heading, days to maturity, plant height, grain filling period, finger length and
total tiller per plant were the largest contributors to the first PC. High loading vector
were also obtained for finger width, grain yield/plot and harvest index included in the
second PCs while the third PCs mainly comprised of total tiller/plant, numbers of ear-
head/plant, above ground biomass and finger/ear-head. Total tillers/plant, ear-
heads/plant and above ground biomass contributed much of the variation to the fourth
PCs. Variations in days to emergency, days to heading and grain filling period
constituted the dominant traits in contributing to the fifth PC.
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Similarly, thousand seed weight, above ground biomass, finger length, and finger/ear-
head were the major traits contributing to the variation in sixth PCs. However, traits
like grain yield/plot, grain filling period, days to heading, maturity and emergency,
above ground biomass, harvest index, fingers/ear head, ear-head width, thousand seed
weight, ear-head, and total tillers/plant and finger length were the major contributors.
In line with this result, Ulaganathan and Nirmalakumari (2015) used 302 finger millet
genotypes of 71.8% of total variation was explained by the first five PCs, Sharma et
al.(2018) evaluated 113 diverse finger millet accessions for 14 agro-morphological
traits reported five PCs. In contrary to this study, Patel et al. (2017) found three PCs
using 65 finger millet germplasm accessions.

Table.4. Eigenvectors, eigenvalues and proportion of total variance explained by six principal components of 15
morpho-agronomic traits for 225 finger millet accessions evaluated at Koga, 2016/17.

Trait PC1 PC2 PC3 PC4 PC5 PC6

Days to heading 0.301 -0.106 -0.156 -0.156 -0.404 -0.196
Days to_maturity 0.477 -0.200 -0.273 -0.273 0.042 -0.205
Grain filling period 0.405 0.182 -0.242 -0.242 0.304 -0.132
Plant height 0.280 0.079 0.076 0.076 0.236 -0.291
Culm diameter -0.007 0.293 0.254 0.254 -0.174 -0.048
Finger length 0.316 0.092 -0.004 -0.004 -0.109 0.354
Ear head width 0.033 0.321 0.132 -0.012 0.282 0.132
Numbers of total tiller/plant -0.371 0.026 -0.422 -0.422 0.161 -0.163
Number of ear-heads/plant -0.238 0.042 -0.368 -0.502 0.054 -0.213
Number of finger/ear-head 0.087 -0.046 -0.451 -0.073 -0.020 0.421
Grain yield/plant -0.006 0.203 -0.280 0.135 0.035 -0.110
Above ground biomass 0.020 -0.058 -0.300 0.443 0.083 -0.325
Grain yield kg/ha 0.184 0.547 0.000 -0.084 -0.009 -0.035
Thousand seed weight 0.083 0.198 0.176 0.189 0.170 -0.423
Harvest index 0.172 0.541 0.123 -0.253 -0.041 0.121

Eigenvalue 3.0373 2.3281 1.8937 1.4928 1.1822 1.1134
Proportion 0.179 0.137 0.111 0.088 0.070 0.065
Cumulative 0.179 0.316 0.427 0.515 0.584 0.650

Cluster analysis

Hierarchical cluster analysis based on 15 standardized traits of 225 finger millet
accession resulted in five clusters comprising 13 to 64 accessions (Table 5). Cluster |
comprised 64 accessions (28.44% of the genotypes) characterized by late heading and
maturing, long grain filling period, medium plant height, small culm diameter, largest
finger length, high numbers of total tillers/plant and ear-heads/plant, high number
fingers/ear-head, and lowest grain yield both per plant and per plot, low above ground
biomass, low thousand seed weight and harvest index (Table 6). Cluster Il contained
58 accessions (25.78% of the genotypes). It is characterized by accessions that are late
in heading and maturity, and having long grain filling period, tall in plant height, large
culm diameter, large finger length, low numbers of total tillers and ear-heads/plant,
small ear-head width, high number of fingers/ear-head, high above ground biomass
and thousand seed weight as well as grain yield/plot, and medium grain yield/plant
(Table 6). Cluster Il included 7 accessions (17.78% of the genotypes) feature early
heading and maturity with short grain filling period. Medium culm diameter, short
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plant and finger length, higher numbers of ear-heads and total tillers/plant, low
number of fingers/ear-head, medium grain yield/plant, above ground biomass, grain
yield/plot and harvest index, and low thousand seed weight were also the
characteristics of accessions in this group (Table 6).

Accessions having medium maturity and grain filling period, medium finger length,
total tillers and grain yield/plant, tallest plants, and bigger culm diameter, low ear-
head width, high number of ear-heads/plant and fingers/ear-head with low thousand
seed weight and harvest index grouped under cluster 1V. Cluster V included 3
accessions (5.78%) characterized by accessions with medium heading and maturity
days, shot grain filling period, medium ear-head width, total tillers and grain
yield/plant, short plant and finger length, lowest grain yield/plot, ear-heads/plant,
fingers/ear-head, above ground biomass, thousand seed weight and harvest index
(Table 6).

Similar number of clusters were reported in previous study on finger millet (Kebere et
al., 2006; Karad and Patil, 2013; Patel et al., 2017). Similarly, Kaluthanthri and
Dasanayaka (2016) reported five clusters of 20 finger millet accessions. In contrast to
this study, Dagnachew et al. (2012) upon evaluating 144 finger millet landraces and
some introduced materials obtained from four East African countries found seven
clusters, Andualem and Ketema (2013) using eighty eight finger millet germplasms
reported eight clusters, Awol et al. (2013) with 96 finger millet accessions reported six
distinct clusters, Umar and Kwon-Ndung (2014) using 10 germplasm accessions of
finger millet reported six cluster, and Harshal et al. (2017) using 65 germplasm
accessions of finger millets reported five clusters.

The largest genetic distance was observed between clusters 2 and 5 with distance of
(26.28) indicating that the use of accessions in these group for hybridization program
would create high genetic diversity for further breeding program (Table 7). The larger
the distance between two clusters, the wider the genetic diversity between the parents
to be included in hybridization program (Parameshwarappa et al., 2010)
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Table.5 Clustering of 225 finger millet accessions into six clusters using 15 morpho-agronomic traits evaluated at
Koga, 2016/17 (Ward method based on Euclidean distance).

No of
cluster

No of
accessions

List of accessions code

Cl

64

13 491420 21 28 31 35 41 49 50 61 62 64 67 68 69 73 74 75 78
86 2293 94 96 97 98 100 107 111 115 126 127 132 133 135149 152 156
159 162168 169 171 173 174 177 178 183 185 187 188 189190 193 197
200 201 203 207 209

Cll

58

2610 13 15 17 24 26 29 33 43 65 66 8184 88 89 95 99 101 102 103
106 108 109 110 114 136 140 141 142 143 144 145 146 147 150 154 167
172175 179 180 181 182 184 186 191 192 194 196 198 199 204 206 208
212 217 224

ch

40

578111218 19 25 27 30 32 34 37 38 55 63 70 71 72 76 77 79 80
8285 87 104 113 137 138 139 148 157 158 164 166 202 210 216 219

Clv

50

16 22 23 36 39 40 42 44 45 46 47 48 51 52 53 54 56 57 58 59 60 91
92105 112 116 117 118 119 120 121 122 123 124 125 128 129 130 131
134 151153 160 161 163 170 176 195 205 221

cv

13

83 90 155 165 211 213 214 215 218 220 222 223 225

Table 6. Cluster means on 15 morpho-agronomic traits for 225 finger millet accessions evaluated at

Koga, 2016/17

Trait Cl Cll Clll Clv cv
Days to heading 110.3 110.32 107.77 108.09 108.81
Days to physiological maturity 158.82 | 154.94 146.96 148.11 147.86
Grain filling period 48.52 44.62 39.19 40.02 39.06
Plant height 85.94 101.27 84.28 91.55 76.79
Culm diameter 0.32 0.38 0.36 0.38 0.36
Finger length 11.33 11.86 10.97 10.96 10.92
Numbers of total tiller per plant 9.05 8.42 9.49 9.22 9.09
Number of ear heads/plant 5.35 5.06 54 543 5.08
Ear-head width 0.62 0.6 0.66 0.59 0.6
Number of fingers per ear head 5.91 5.83 55 5.81 5.53
Grain yield per plant 0.066 0.073 0.069 0.071 0.068
Above ground biomass 20400 21100 20900 21200 20300
Grain yield/plot 3100 3400 3200 3200 2900
Thousand seed weight 0.003 0.0033 0.0031 0.0031 0.0031
Harvest index 0.15 0.16 0.15 0.15 0.14
Table 7. Distance among six clusters for 255 finger millet accessions using 15 morpho-
agronomic traits evaluated at Koga, 2016/17.
Cl Cll Clll Clv Ccv

C1 0

Cll 16.316 0

Clll 15.662 19.933 0

Clv 14.956 13.001 7.750 0

cv 17.433 26.284 7.632 14.986
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Conclusion

The result of the current study showed that ample genetic diversity existed among
finger millet accessions to be used in future breeding program through selection and
hybridization. Wide ranges of genetic diversity were observed in most of morpho
agronomic traits. The presence of genetic diversity between the accessions and the
range of variation showed the chance of genetic improvement via selection and /or
crossing. High heritability accompanied with high genetic advance were estimated for
culm diameter, ear heads/plant, ear-head width and grain yield/plant. Hence, these
traits, which showed high heritability values coupled with high genetic advance as
percent of means, indicated the possibility to improve finger millet through selection.
Therefore, the existence of high genetic diversity is a basis for comprehensive and
systematic germplasm collections of finger millet for further genetic conservation and
utilization.

Acknowledgements

The authors would like to thank Assosa University for financial support. We also
thank, Ethiopian Biodiversity Institute and Adet Agricultural Research Center for
providing the studied germplasm and all staff member of Adet Agricultural Research
Centers for the execution of the field experiments.

References

Aditya JP, P Bhartiya, and A Bhartiya. 2011. Genetic variability, heritability and character
association for yield and component characters in soybean (G. max (L.) Merrill). Journal of
Central European Agriculture, 12: 27-34.

Allard, R.W. 1960. Principle of Plant Breeding, an ed. John Wiley and Sons, New York.
Andualem Wolie and Ketema Belete. 2013. Genetic divergence and variability studies in some
Ethiopian finger millet germplasm collections. Journal of Agricultural Science, 3 (4): 110116.
Andualem Wolie and Tadesse Dessalegn. 2011. Correlation and path coefficient analyses of some
yield related traits in finger millet (Eleusine coracana (L.) Gaertn.) germplasms in Northwest

Ethiopia. African Journal of Agricultural Research, Vol. 6(22), pp. 5099-5105.

Andualem Wolie, Tadesse Dessalegn, and Ketema Belete. 2013. Heritability, variance components
and genetic advance of some yield and yield related traits in Ethiopian collections of finger
millet (Eleusine coracana (L.) Gaertn.) genotypes. African Journal of Biotechnology, 12 (36):
5529-5534.

Andualem Wolie. 2008. Characterization, Evaluation and Variability for Grain Yield and Related
Traits of Finger Millet [Eleusine coracana (L.) Gaerthn.] Germplasm. MSc Thesis Presented to
the School of Graduate Studies of Haramaya University.

Awol Assefa, Masresha Fetene and Kassahun Tesfaye. 2013.Agro-morphological, physiological and
yield related performances of Finger Millet [Eleusine coracana (l.) Gaertn.] Accessions
evaluated for drought resistance under field condition. Asian Journal of Agriculture and Rural
Development, 3(10): 709-720.

Chetan S and NG Malleshi. 2007. Finger millet polyphenols, Characterization and their
nutraceutical potential. American Journal of Food Technology, 2(7), 582-592.



Damot et al. [106]

Chimdo A, K Haileselassie, and M Tadesse. 2006. Impacts of improved finger millet technology
promotion in the central rift valley of Ethiopia. In: T. Abate (ed.) success with value chain.
Proceedings of scaling up and scaling out agricultural technologies in Ethiopia: an international
conference, 9-11 May 2006, Addis Ababa, Ethiopia. pp 129-140.

CSA. 2017. Central Statistical Agency, Agricultural Sample Survey: Report on Area and Production
of Major Crops (Private Peasant Holdings, Meher Season), Statistical bulletin 584.Volume |
Addis Ababa, Ethiopia.

Dabholkar AR. 1992. Elements of biometrical genetics. 2nd ed. Concept Publishing Company, New
Delhi. 467-476.

Dagnachew Lule, Endashaw Bekele, and Amsalu Ayana. 2013. Phenotypic diversity in tef
[Eragrostis tef (zucc.) Trotter] germplasm accessions from various regions of Ethiopia.
Ethiopian Journal of Crop Science, 3 (1):15-32.

Dagnachew Lule, Kassahun Tesfaye, Masresha Fetene, and Santie De Villiers. 2012. Inheritance
and association of quantitative traits in Finger Millet (Eleusine coracana Subsp. Coracana)
landraces collected from Eastern and South Eastern Africa. International Journal of Genetics
2(2): 12-21.

Dass A, S Sudhishri, and NK Lenka. 2013. Integrated nutrient management to improve finger millet
productivity and soil conditions in hilly region of Eastern India. J. Crop Improv, 27, 528-546.
Degu E, A Adugna, T Tadesse, and T Tesso. 2009. Genetic resources, breeding and production of
millets in Ethiopia. In: New approaches to plant breeding of orphan crops in Africa.

Proceedings of an International Conference, Bern, Switzerland, 19-21 September 2007.

Deshmukh SN, MS Basu, and PS Reddy. 1986. Genetic variability, character association and path
coefficient analysis of quantitative traits in Viginia bunch varieties of ground nut. Indian Journal
of Agricultural Science, 56:515-518.

Dida MM, S Srinivasachary, JL Ramakrishnan, MD Bennetzen, and KM Devos. 2007. The genetic
map of finger millet, Eleusine coracana. Theor. Applied Genet, 114: 321332.

Ganapathy S, A Nirmalakumari, and AR Muthiah. 2011. Genetic variability and interrelationship
analyses for economic traits in finger millet germplasm. World Journal of Agricultural Sciences,
7 (2): 185-188.

Gomez K and A Gomez. 1984. Statistical procedures for agricultural research 2™ ed. A Wiley Inter
science Publication. John Wiley and Sons. New York. Chichester. Brisbane. Toronto. Singapore,
pp. 680.

Gopal R, HD Upadhaya, CLL Gowda, and S Sube. 2009. Characterization of East African finger
millet germplasm for qualitative and quantitative characters at ICRISAT. J. SAT Agricultural
Res. pp. 7-9. An open access J. published by ICRISAT.

Habte Jifar, Kifle Dagne, Kassahun Tesfaye Kebebew Assefa and Zerihun Tadele. 2018. Agro
morphological traits diversity in Tef [Eragrostis Tef (Zucc.) Trotter] genotypes from various
sources. Ethiop. J. Agric. Sci, 28(3) 131-148.

Hair JF, JR Andrson, RE Tatham, and WC Black. 1998. Multivariate data analysis, 5theds, Prentice-
Hall international, Inc, London.

Hallauer AR and JB Miranda. 1988. Quantitative genetics in maize breeding. 2ed.lowa State
University Press, lowa, Ames. USA.

Harshal EP, BK Patel, and NP Savankumar. 2017. Assessment of genetic diversity in Finger millet
(Eleusine coracana L.) through multivariate analysis approach. International Journal of
Economic Plants, 04(04):148-151.

Hilu KW, JMJ Wet, and JR Harlan. 1979. Archaeo-botanical studies of Eleusine corracana sub spp.
coracana (finger millet). Am. J. Bot, VVol. 66, No. 3.pp. 330-333.

Hulse JH, E Laing, and O Pearson. 1980. Sorghum and millets: Their composition and nutritive
value. Acadamic Press Inc. (London) Ltd.UK.

IBPGR. 1985. International Board for Plant Genetic Resources. Description for Finger millet
[Eleusine coracana (L.) Gaertn]. Rome, Italy: International Board for plant genetic
Resources.20pp.

ICRISAT/Gene bank activities; www.icrisat.org/genebank 2008.



http://www.icrisat.org/genebank%20may%202016

Genetic diversity among Lowland Finger Millet [107]

John K. 2006. Variability and correlation studies in quantitative traits of finger millet (Eleusine
coracana Gaertn). Agric. Sci. Digest, 26(3): 166-169.

Johnson HW, HF Robinson, and RE Comstock. 1955. Estimation of genetic variability and
environmental variability in soybean. Agronomy Journal, 47: 314-318.

Kadam DD, RD Nigade, and SR Karad. 2010. Study on variation and selection parameters in ragi
genotypes (Eluesine coracana). International J. of Agric. Sci, 6 (2): 383-385.

Kadam DD, SR Kulkarni, and BS Jadhav. 2009. Genetic variability, correlation and path analysis in
finger millet (Eleusine coracana Gaern). J. Maharashtra agric. Univ, 34(2): 131-134.

Kaluthanthri DVS and PN Dasanayaka. 2016. Assessment of genetic diversity of some Finger
Millet (Eleusinecoracana (L.) Gaertn. Accessions using morphological markers. Journal of
Tropical Forestry and Environment, Vol. 6, No 02, 25-35.

Karad SR and JV Patil. 2013. Assessment of genetic diversity among finger millet (Eleusine
coracana L.) genotypes. International Journal of Integrative Sciences, Innovation and
Technology. 4: 37-43.

Kassahun Tesfaye and Solomon Mengistu. 2017. Phenotypic characterization of Ethiopian finger
millet accessions (Eleusine coracana (L.) Gaertn), for their agronomically important traits. Acta
universitatis sapientiae agriculture and environment, 9 107-118.

Kebebew Assefa, Hailu Tefera and M Arnulf. 2002. Variation and interrelationship of quantitative
trait in tef (Eragrostis tef (Zucc.) Trotter) germplasm from western and south western Ethiopia.
Hereditas, 136:116-125.

Kebede Y and A Menkir. 1986. Improvement of finger millet in Ethiopia, pp. 173-176. In: A See
theram, KW.Rilley, G Harinaryyana (eds.). Small Millet in Global Agriculture: Proceeding of
the First International Small Millet Workshop. October 29-November2, 1986. Bangalore, India.

Kebere Bezaweletaw, Prapa Sripichitt, Wasana Wongyai and Vipa Hongtrakul. 2006. Genetic
variation, heritability and path-analysis in Ethiopian Finger Millet [Eleusine coracana (L.)
Gaertn] Landraces. Kasetsart J. Nat. Sci, 40: 322-334.

Midega CAO, ZR Khan, DA Amudavi, J Pittchar, and JA Pickett. 2010. Integrated management of
Striga hermonthica and cereal stemborers in finger millet (Eleusine coracana (L.) Gaertn.)
through intercropping with Desmodium intortum. Int. J. Pest Manag. 56, 145-151.

Misra RC, S Das, and MC Patnaik. 2010. AMMI Analysis of Stability and Adaptability of Late
Duration Finger Millet (Eleusine coracana) genotypes. World J Agric Sci. 6: 664-669.

Molla Fentie. 2010. Genotype x environment interaction and stability analyses of yield and yield
related traits of Finger Millet (Eleusine coracana (L) Gaertn) varieties in North Western
Ethiopia. M.Sc thesis presented to the school of graduate studies of Haramaya University.

National Research Council, 1996. Finger millet in lost crops of Africa: volume I: grains, National
Academy of sciences: pp. 39-57.

Nirmalakumari A, K Salini, and P Veerabadhiran. 2010. Morphological Characterization and
Evaluation of Little millet (Panicum sumatrense Roth. ex. Roem. and Schultz.) Germplasm.
Electronic Journal of Plant Breeding, 1(2): 148-155.

Panwar P, R Saini, N Sharma, D Yadav, and A Kumar. 2010. Efficiency of RAPD, SSR and
cytochrome P450 gene based markers in accessing genetic variability amongst finger millet
(Eleusine coracana) accessions. Mol Biol Rep, 37: 4075-4082.

Parameshwarappa SG, MG Palakshappa, and PM Salimath. 2010. Analysis of genetic divergence in
sesame (Sesamum indicum L.). Karnataka J. Agric. Sci, 23: 227-230.

Patel SN, HE Patil, and RC Popat. 2017. Genetic Diversity Study in Finger Millet (Eleusine
coracana L.) Genotypes: A Multivariate Analysis Approach, Int. J. Pure App. Biosci. 5(5): 183-
189.

Ruiz M, F Varela, and JM Carillo. 1997. Analysis of the Discriminating Power of Agro
Morphological and Biochemical Descriptors in a Sample of Spanish Collection Barely
(Hordeum vulgare L.). Genetic Resource and Crop Evolution, 44, 247-255.

SAS (Statistical Analysis System). 2004. SAS guide for personal computers, file version 9.0. SAS
Institute, Kary, NC, USA.



Damot et al. [108]

Saundarya K and KS Satish. 2015. Assessment of genetic diversity in promising finger millet
[Eleusine Coracana (L.) Gaertn] Genotypes. International Quarterly Journal of Life Sciences,
10(2): 825-830.

Sharathbabau, KG Sonnad, K Shantha, and PM Salimath. 2008. Genetic variability and character
association studies in white ragi (Eleusine coracana Gaertn.). Karnataka J. of Agric. Sci., 21(4):
572-575.

Sharma D, A Tiwari, S Sood, G Jamra, NK Singh, and PK Meher. 2018. Genome wide association
mapping of agro-morphological traits among a diverse collection of finger millet (Eleusine
coracana L.) genotypes using SNP markers. PLoS one 13(8): 0199444,
https://doi.org/10.1371/journal.pone.0199444

Shinde SR, SV Desai, and RM Pawar. 2014. Genetic variability and character association in finger
millet [Eleusine coracana (L.) Gaertn]. Internat. J. Plant Sci, 9 (1): 13-16.

Singh RK and BD Chaudhary.1985. Biometrical methods in quantitative genetics analysis. 2™ ed.
Kalyani Publishers, New Delhi, India.73P

Sonia PW, G Cannarozzi, and Zerihun Tadele. 2013. Genetic and phenotypic diversity in selected
genotypes of tef [Eragrostis tef (Zucc.) Trotter. African Journal of Agricultural Research, Vol.
8(12), pp. 1041-1049.

Suryanarayana L, D Sekhar, and Venugopala Rao, N. 2014. Genetic variability and divergence
studies in Finger Millet (Eleusine coracana (L.) Gaertn.). Int.J.Curr.Microbiol.App.Sci, 3(4):
931-936

Tadesse M, A Debelo, Z Gutema, and E Degu. 1995. Finger millet [Eleusine coracana (L.) Gaertn]:
A potential crop in Ethiopia, pp.124- 132. In: Proceeding of workshop organized to re-establish
Sorghum and Millet in Eastern and Central Africa. 6-9 November 1995. Kampala, Uganda.

Thormann CE, ME Ferreira, LEA Camargo, JG Tivanga, and TC Osborn. 1994. Comparison of
RFLP and RAPD markers to estimating genetic relationships within and among cruciferous
species. Theor. Appl. Gene, 88: 973-980.

Tsehaye Y and F Kebebew. 2002. Morphological diversity and geaographical distribution of
adaptive traits in finger millet (Eleusine corracana (L.) Gaertn. Subsp. Coracana (poaceae)
population from Ethiopia. Ethio. J. Biol. Sci. 1(1):37-62.

Ulaganathan V and A Nirmalakumari. 2015. Finger millet germplasm characterization and
evaluation using principal component analysis. SABRAO Journal of Breeding and Genetics,
47(2): 79-88.

Umar EH and Kwon-Ndung. 2014. Assessment of variability of finger millet (Eleusine coracana
(L) Gaertn) landraces germplasm in Northern Nigeria. Nigerian Journal of Genetics, 28 48-51.

Upadhyaya HD, CLL Gowda, and G Reddy. 2007. Morphological diversity in finger millet
germplasm introduced from Southern and Eastern Africa. SAT eJournal/ejournal.icrisat.org
3(1).

Zerihun Tadele. 2009. New approaches to plant breeding of orphan crops in Africa: Proceedings of
an International Conference, 19-21 September 2007, Bern, Switzerland.



https://doi.org/10.1371/journal.pone.0199444

