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Introduction 
 

Finger millet (Eleusine coracana L.) ranks 

third among millets after sorghum and pearl 

millet. Finger millet is crop of antiquity and 

known for their suitability to dry lands, hill 

and tribal agriculture. It is cultivated mostly 

as a rainfed crop in India for its valued food 

grains and its adaptability to wide range of 

geographical areas and agro-ecological 

diversity, mostly continent in Africa and Asia. 

India is a major producer of finger millet in 

Asia with an area of 1193.70 thousand 

hectares with production of 1982.90 thousand 

tonnes and productivity of 1661.00 kg per 

hectare (Anon., 2014). The major finger 

millet growing states include Karnataka, 

Tamil Nadu, Andhra Pradesh, Orissa, 

Maharashtra, Uttarakhand, West Bengal and  

 

 

 

 
 

Gujarat. The basic information on the 

existence of genetic variability and diversity 

in a population and the relationship between 

different traits is essential for any successful 

plant breeding programme. Genetic 

improvement through conventional breeding 

approaches depends mainly on the availability 

of diverse germplasm and presence of 

enormous genetic variability. The 

characterization and evaluation are the 

important pre-requisites for effective 

utilization of germplasm and also to identify 

sources of useful genes and superior 

genotypes. Among the multivariate 

procedures, Mahalanobis (1936) generalized 

distance (D
2
) has been used extensively. 

Attempt has been made in this study to assess 
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The experimental material comprised 68 diverse genotypes of finger millet 

(Eleusine coracana (L.) Gaertn). The data on 13 quantitative traits were recorded 

to assess the magnitude of genetic divergence for yield and yield contributing 

traits. In the present investigation, D
2
 statistic indicated that the genotypes studied 

were genetically diverse. Based on genetic distances the 8 genotypes under study 

were grouped into eight clusters. Cluster I contains highest 60 genotypes, followed 

by cluster VII (2 genotypes) and cluster III (2 genotypes) while the remaining six 

clusters were solitary. The maximum inter-cluster distance was observed between 

cluster-VIII and III. In overall, D
2
 analysis suggested genotypes belonging to the 

distinct cluster (VIII and III) could be used in hybridization programme 

forenhance the productivity of finger millet. 

K e y w o r d s  
 
Finger millet, Genetic 

divergence and D2 
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the nature and magnitude of genetic 

divergence for yield and its component in 

finger millet and also to identify divergent 

parents from distantly related clusters for 

suitable hybridization. 

 

Materials and Methods 

 

Thirteen yield contributing characteristics 

were taken to assess the magnitude of genetic 

divergence for 68 genotypes of finger millet. 

The experimental material consisted 68 finger 

millet genotypes grown in randomized block 

design with three replications at Hill Millet 

Research Station, Waghai (Gujarat) during 

Kharif, 2015. Each entry was grown in 1.5 

meter row with spacing of 30 cm between the 

rows and 10 cm within the plants. Five 

randomly selected plants from each genotypes 

in each replications were used to record 

observations on plant height, number of 

productive tillers per plant, numbers of 

fingers per ear, main ear head length, test 

weight, grain yield per plant, straw yield per 

plant and harvest index except 50 per cent 

flowering and days to maturity. Days to 50 

per cent flowering and days to maturity was 

noted on single row basis. The mean of five 

plants was subjected to statistical analysis, 

data were statistical analyzed to estimate 

genetic divergence was estimated by 

multivariate analysis using Mahalanobis 

(1936) D
2
 statistic as described by Rao 

(1952). On the basis of D
2
 values genotypes 

were grouped into different clusters according 

to Tocher’s method given by Rao (1952). 

 

Results and Discussion 

 

Genetic diversity studies provide basic 

information regarding the genetic parameters 

of the genotypes based on which breeding 

methods are constituted for further crop 

improvement. These studies are also helpful 

to know about the nature and extent of 

diversity that can be attributed to different 

causes, sensitivity of crop to environment and 

genetic divergence. 

 

D
2
 statistics, a concept developed by 

Mahalanobis (1936) is important tool to plant 

breeder to classify the genotypes into 

different groups based on genetic divergence 

between them. 

 

In the present study magnitude of D
2
 Values 

68 genotypes were grouped into eight clusters 

(Table 1). Cluster Ihad the maximum of 60 

genotypes each followed by cluster VII (2) 

while the remaining six clusters were solitary. 

The genotypes WN-586, WN-622, WN-588, 

WN-591, WN-616 and WN-595 formed 

single stocked cluster indicating wide 

diversity from set, as well as from each other. 

In finger millet, similar results was found by 

Karad and Patil (2013), Anantharaju and 

Meenakshiganesan (2008), Das et al., (2013) 

and Suryanarayana et al., (2014) 

 

Intra and inter cluster D
2 

values were worked 

out using D
2 

values from divergence analysis 

(Table 2). A study of the data revealed that 

the inter-cluster distance (D) ranged from 

3.81 to 12.43. The maximum inter-cluster 

distance was observed between cluster-VIII 

and III (D
2
= 12.43) followed by those 

between cluster-VII and IV (D
2
= 10.87). The 

minimum inter-cluster distance was observed 

between cluster-IV and II (D
2
= 3.81) followed 

by the cluster-V and II (D
2
= 5.41). High value 

of inter-cluster distance points out towards 

high amount of diversity between the clusters 

involved.  

 

Hence, from the above discussion we can 

conclude that the genotypes from the cluster 

VIII and III were more divergent than any 

other cluster. Hence, the genotypes belonging 

to the distinct cluster (VIII and III) could be 

used in hybridization programme for 

obtaining a wide spectrum of variation among 

the segregrants. 
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Table.1 The distribution of 68 genotypes of Finger millet into eight different clusters on the basis of 

Mahalanobis D
2
 Statistics  

 

Cluster No of genotypes  Genotypes 

1 60 WWN-40, WWN-41, WWN-57, WN-625, WWN-50, WN-619, WN-617, WN-630, 

WWN-47, WN-612, WWN-49, WWN-38, WN-596, WN-618, WN-623, WN-594, 

WN-605, WWN-45, WN-624, WN-606, WWN-52, WN-592, WWN-56, WWN-48, 

WN-621, GN-4, WN-587, WWN-53, WN-593, WN-603, WN-601, WWN-43, WN-

610, WWN-46, GNN-6, WWN-39, GN-5, WN-609 WWN-54, WWN-55, WN-614, 

WN-604, WN-589, WN-590, WN-629, WWN-51, WN-607, WN-628, WN-626, WN-

627, WN-608, WN-599, WN-611, WN-620, WN-598, WN-597, WN-602, WN-600, 

WN-615 

2 1 WN-586 

3 1 WN-622 

4 1 WN-588 

5 1 WN-591 

6 1 WN-616 

7 2 WWN-42, WWN-44 

8 1 WN-595 

 

Table.2 Average Intra and Inter –  cluster (D
2
) values for 68 genotypes of Finger millet  

 

Cluster 1 2 3 4 5 6 7 8 

1 4.78 6.31 6.11 6.33 6.79 7.50 8.96 9.16 

2  0.00 8.42 3.81 5.41 7.15 10.39 7.09 

3   0.00 8.95 8.92 8.69 10.13 12.43 

4    0.00 5.55 6.72 10.87 7.64 

5     0.00 5.71 9.50 6.45 

6      0.00 8.99 7.66 

7       4.88 8.60 

8        0.00 
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Table.3 Cluster means for thirteen characters in 68 genotypes of Finger millet  

 

Cluster 

Number 

Days to 

50% 

flowering 

Days to 

maturity 

Plant 

height 

(cm) 

Number of 

productive 

tillers per 

plant 

Number of 

fingers per 

ear 

Main 

earhead 

length 

(cm) 

1000-

Grain 

weight 

(g) 

Grain 

yield per 

plant (g) 

Straw 

yield 

per 

plant 

(g) 

Harvest 

index (%) 

Protein 

content 

(%) 

Iron 

content 

(ppm) 

Calcium 

content 

(%) 

1 81.09 118.59 103.66 2.14 8.59 9.24 2.67 7.34 25.75 22.30 6.91 52.23 0.33 

2 70.67 107.00 100.00 2.40 7.53 6.23 2.59 7.13 24.47 22.57 6.33 43.93 0.32 

3 73.33 109.00 103.53 2.60 10.87 9.99 3.02 9.61 30.90 23.01 6.98 55.47 0.31 

4 72.67 109.67 107.33 1.87 5.53 9.13 2.84 6.00 21.10 22.16 6.35 43.33 0.34 

5 83.33 120.33 113.93 2.53 7.67 8.12 2.68 9.34 30.90 24.59 7.04 41.00 0.32 

6 72.67 108.67 92.40 1.67 8.80 10.02 3.06 6.37 21.25 25.06 7.25 40.40 0.30 

7 81.33 119.17 96.87 2.70 7.93 7.78 3.05 8.45 31.42 25.80 7.01 55.93 0.34 

8 92.67 131.00 91.87 2.27 5.80 5.47 2.81 5.93 21.00 25.44 6.83 42.00 0.33 

Note :  Bold  figures  are minimum and maximum values  

 

Table.4 Contribution of thirteen characters under study to the total  divergence  

 
Sr .  No  Cha ra c ter  No .  o f  t i mes  ra n ke d f i r s t  % co n tr ibu t io n  to w a rds  d i v erg ence  

1  Da ys  t o  5 0 % f lo wer in g  1 0 8  4 .7 4  % 

2  Da ys  t o  ma tu r i t y  1 9  0 .8 3  % 

3  P lan t  h e i gh t  (cm )  5 7  2 .5 0  % 

4  Nu mb er  o f  p r od u c t i ve  t i l l e r s  p er  p lan t  1 6 3  7 .1 6  % 

5  Nu mb er  o f  f i n g e rs  p er  ea r  5 6  2 .4 6  % 

6  Ma in  ea rh ead  len gth  (cm)  3 5 4  1 5 .5 4  % 

7  1 0 0 0 -Gra in  wei gh t  (g )  1 9 2  8 .4 3  % 

8  Gra in  yi e ld  p e r  p lan t  ( g)  1 3  0 .5 7  % 

9  S t ra w y i e ld  p er  p lan t  ( g)  1  0 .0 4  % 

1 0  Har v es t  i n d ex  (%)  2 1 7  9 .5 3  % 

1 1  Pr o t e in  c on t en t  (%)  1 2 4  5 .4 4  % 

1 2  Ir on  c on t en t  (p p m)  9 2 4  4 0 .5 6  % 

1 3  Ca lc iu m con t en t  (% )  5 0  2 .1 9  % 

TOTAL  2 2 7 8 1 0 0  % 
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Intra-cluster distance (D) ranged from 4.78 to 

4.88. At intra-cluster level, cluster-VIII (D
2
= 

4.88) had the highest value. The minimum 

intra-cluster distance was observed in cluster-

I (D
2
= 4.78) which included sixty genotypes 

with less diversity among them. The intra-

cluster distance within cluster II, III, IV, V, 

VI and VIII were zero (0) because these 

clusters were composed of only single 

genotype. 

 

The cluster means for various characters are 

presented in Table 3. Cluster VII had 

maximum mean value for number of 

productive tillers per plant (2.70), straw yield 

per plant (31.42), harvest index (25.80), iron 

content (55.93) and calcium content (0.34). 

Cluster VI had maximum mean value for 

main earhead length (10.02), test weight 

(3.06) and protein content (7.25). Cluster VIII 

exhibited early flowering (70.67) and early 

maturing (107.00) genotypes, whereas Cluster 

III recorded highest mean values for the 

characters grain yield per plant (9.61) and 

number of fingers per ear (10.87) and cluster 

V exhibited maximum plant height (113.93). 

It is observed that number of cluster contained 

at least one genotype with all the desirable 

traits, which ruled out the possibility of 

selecting directly one genotype for immediate 

use. Therefore, hybridization between the 

selected genotypes from divergent clusters is 

essential to judiciously combine all the 

targeted traits. 

 

It could be concluded that high yielding 

genotypes coupled with other desirable 

physiological traits like, productive tillers per 

plant, number of fingers per ear, main ear 

head length, straw yield per plant, grain yield 

per plant, test weight, protein content, iron 

content and calcium content could be selected 

as parents for hybridization programme from 

cluster VI (WN-616), VII (WWN-42, WWN-

44) and cluster III (WN-622), whereas the 

genotypes WN-586 were selected from 

Cluster II for earliness in days to flowering 

and days to maturity based on lowest cluster 

mean. Inter crossing genotypes from these 

clusters might results in hybrids having high 

vigor and may further results in wide array of 

genetic variability for exercising effective 

selection. 

 

The character iron content (40.56%) 

contributed maximum towards divergence 

followed by main earhead length (15.54 per 

cent), harvest index (9.53 per cent), test 

weight (8.43 per cent) and number of 

productive tillers per plant (7.16 per cent), 

while calcium content (2.19 per cent), days to 

maturity (0.83 per cent), grain yield per plant 

(0.57 per cent) and straw yield per plant (0.04 

per cent) contributed very low towards 

divergence (Table 4). 
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