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ABSTRACT 
A set of sixty-five finger millet (Eleusine coracana L.) accessions were screened for twelve morphological 

characteristics to study nature and magnitude of genetic divergence using Mahalanobis D
2
 statistics during kharif 

2009 and kharif 2010. Wide range of variation was observed for all the twelve characters under study. The analysis 

of variance exhibited significant difference among the genotypes for all the characters indicating substantial degree 

of variability. The estimates for genotypic coefficient of variation (GCV) were lower than the phenotypic coefficient 

of variation (PCV) for all the characters. The days to maturity exhibited the lowest GCV (7.37) as well as PCV 

(7.36) whereas, the iron percent had highest GCV and PCV (55.33 and 53.46 respectively). The highest difference 

between GCV and PCV values was observed for number of productive tiller per plant (3.84), whereas, iron content 

(0.13) showed the lowest difference between the GCV and PCV values. Heritability (b.s.) of all the characters in 

present investigation, was categorized as high to very high ranging from 61.52 to 99.52. The genetic advance was 

found ranging from 0.58 to 23.38. High heritability coupled with high genetic advance observed for the fodder yield 

per plant, days to 50 per cent flowering, days to maturity and plant height advocated high genetic progress for them. 

D
2
 statistic indicated that the genotypes studied were genetically diverse. Based on genetic distances the 65 

genotypes under study were grouped into five clusters. Cluster I contains highest 50 genotypes, followed by cluster 

II (11 genotypes) and cluster III (2 genotypes). The cluster IV and V were monogenotypic. In overall, D
2
 analysis 

suggested KOPN 161,  KOPN 370, VL 149, KOPN 387, PR 202, PES 110, KOPN 495, KOPN 892 and KOPN 926 

were the most diverse parents could be utilized to improve, widen the genetic base and would be used as parents in 

breeding programme to enhance the productivity of finger millet. 
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INTRODUCTION 
Finger millet (Eleusine coracana G.) is the most 

important cereal crop of India. Among millets it 

ranks third in importance after sorghum and pearl 

millets. Its wide adaptability to diverse environments 

and cultural conditions makes it a potential food crop. 

Finger millet covers an area of 1.29 million hectares 

in India, with a production of 2.19 million tones and 

productivity of 1,705 kg ha
-1

 during 2010-11. In 

Maharashtra it is cultivated on an area of 1.36 lakh 

hectares, with a production of 1.39 lakh tones and 

productivity of 1028 kg ha
-1

 during 2011-12 

(Anonymous, 2013).  It makes a component of 

dryland, tribal and hill agriculture where yield 

stability is a major consideration. Other important 

finger millet growing areas states include Karnataka, 

Tamil Nadu, Andhra Pradesh, Orissa, Maharashtra, 

Uttarakhand and Jharkhand. 

 

Genetic diversity is the prerequisite of the plant 

breeder’s craft and has prime consideration in crop 

improvement. The collection and preservation of 

variable material of all kind is basic and vital 

breeding source. A method suggested by Mahalnobis 

(1936) known as ‘Mahalnobis D
2
 statistics’ is a 

powerful tool for quantifying the divergence between 

two populations. This technique measures the sources 

of differentiation at intra-cluster and inter-cluster 

levels and thus helps in selection of genetically 

divergent parents in hybridization programme. Good 

amount of variability has been reported in finger 

millet crop for the various characters such as height, 
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flowering, maturity, tillering, finger characters, seed 

colour, irrigation response and diseases reaction but it 

had not been fully exploited in breeding programmes. 

The present investigation was undertaken to study the 

genetic variability and suggest a sound breeding 

programme based on the studies. 

 

MATERIAL AND METHODS 
The experimental material for the present 

investigation consisted of sixty five genotypes of 

finger millet (Eleusine coracana (L.) Gaertn)  

collected from the Associate Director of Research, 

Zonal Agricultural Research Station, Shenda Park, 

Kolhapur. The experiment was conducted in 

Randomized Block Design with three replications. 

The seeds were directly sown by dibbling. Each entry 

was represented by three rows of 3 meter length. The 

spacing of 30 cm within rows and 10 cm between the 

plants was followed. A basal dose of 50 kg N/ha and 

25 kg P2O5/ha was applied at the time of sowing.  All 

recommended cultural practices were carried out to 

raise a good crop.  Sowing of 65 genotypes was done 

in kharif 2009 and kharif 2010 by following same 

above practice. Five plants were selected at random 

from each genotype in each replication in each 

season. The randomly selected plants were tagged for 

recording observations on various morphological 

characters during kharif 2009 and kharif 2010 

respectively. At the time of harvest, these five 

selected plants were harvested separately. 

Observations on five randomly selected plants from 

each germplasm in each replication in each season 

were recorded on days to 50 per cent flowering, days 

to maturity, plant height, productive tillers per plant, 

finger length, fingers per head, earhead per plant, test 

weight, grain yield per plant, fodder yield per plant, 

iron content and protein content. The analysis of 

variance was done as suggested by Panse and 

Sukhatme (1985). The genotypic and phenotypic 

coefficients of variation were calculated by the 

formulae as suggested by Burton (1952), heritability 

and genetic advance calculated as per formulae 

suggested by Hanson et al. (1956) and Johnson et al. 

(1955) respectively. The data were subjected to 

analysis of variance by following Mahalanobis 

(1936) D
2
 statistics and contribution of different 

characters of total divergence was based on Tocher’s 

method (Rao, 1952). 

 

RESULTS AND DISCUSSION 
The pooled analysis of variance revealed highly 

significant differences for all the 12 characters 

studied indicating significant variability among the 

genotypes under study for phenotypic expression. 

Significant differences among genotypes for different 

traits were also reported by Shirsath (2000), Desai 

(2012) and Lule et al.(2012). Variability observed for 

grain yield per plant ranged between 5.20g to 20.75 

g. Variation for grain yield is also reported by Patil 

(1982) and Ganpathy (2011) (Table 1). The high 

magnitude of variability among the genotypes for 

yield and yield contributing characters suggested the 

enough scope is there for the improvement of various 

characters for selection. Likewise other characters 

showed wide ranged of variation as Days to 50 per 

cent flowering (72.17-107.00), days to maturity 

(98.00 to 138.33), plant height (85.63 to 130.77), 

productive tillers per plant (1.30 to 4.90), finger 

length (4.46 to 9.52), fingers per head (5.13 to 10.53), 

earhead per plant (2.20 to 5.97), test weight (1.99 to 

3.31), fodder yield per plant (11.85 to 64.58), iron 

content (2.63 to 15.45) and protein content (5.84 to 

11.96) in pooled analysis(Table 2).  Similar type of 

variation for days to 50% flowering, days to 

physiological maturity and plant height in finger 

millet is reported by Hairdar and Mahto (1995) and 

Ganapathy (2011). Variation for protein and iron 

content in finger millet is reported by Barbeau and 

Hilu (1993), Shashi et al (2007) and Singh and 

Raghuvanshi (2012). In days to maturity the pooled 

performance indicated only one genotype from early 

group, 16 from midlate group and 48 genotypes from 

late group. PES 400, KOPN 370 and KOPN 241 

recorded high protein content and provide a source 

for improvement of this trait along with high yield in 

finger millet. Similarly, the genotypes KOPN 495, 

KOPN 434 and KOPN 728 had the high iron content. 
 
Genetic variability is the basis for any heritable 

improvement in the crop plants. The magnitude of 

phenotypic coefficient of variation was high as 

compared to the genotypic coefficient of variation for 

all the characters studied indicating the important role 

of environmental variance in expression of different 

traits in finger millet. Similar results were reported by 

Verma (1989). 

 

The genotypic and phenotypic coefficients of 

variation were high for the character iron percent, 

fodder yield per plant, grain yield per plant, number 

of productive tillers per plant, earhead per plant, 

finger length, average fingers per head and test 

weight. The genetic variability in different 

quantitative characters is measured from the 

genotypic coeffcicient of variation (Fisher, 1930). In 

present investigation the character iron content, 

fodder yield per plant, grain yield per plant, earhead 

per plant, number of productive tillers per plant, test 

weight and finger length showed moderate to high 

genotypic coefficient of variation indicating good 

scope for their improvement by selection. These 

results are in agreement with the reports of  Bendale 
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et al. (2002), Ganapathy (2011) and Lule et al. 

(2012) where they reported similar findings. 

 

The difference between magnitude of genotypic and 

phenotypic coefficient of variation showed very low 

difference for all the characters studied, indicating 

good correspondence between genotypic and 

phenotypic expression of traits with low level of 

environmental factors operating on the traits. The 

highest difference between G.C.V. and P.C.V. values 

was observed for number of productive tiller per 

plant (3.84), followed by average fingers per head 

(3.04), earhead per plant (2.84), plant height (2.53). 

The iron content (0.13) had the lowest difference 

between the G.C.V. and P.C.V. values followed by 

1000 grain weight (0.15) (Table 2). 
 
In present investigation, all the twelve characters 

showed high broad sense heritability ranging from 

61.52 per cent for plant height to 99 per cent for iron 

content. High heritability for all the characters 

studied were also reported by Verma (1989). 

According to Robinson’s (1966) classification, 

heritability obtained in the present investigation for 

all the characters could be classified as very high 

heritability indicating the scope for selection of these 

traits. The highest heritability for characters was 

observed in iron content (99.52%), followed by test 

weight (97.32 %), protein content (95.33 %) and days 

to maturity (95.09 %). The lowest heritability was 

found in plant height (61.52 %), followed by average 

fingers per head (63.69 %) and number of productive 

tillers per plant (73.27 %). High estimates of broad 

sense heritability (h
2
bs) indicating the reliability of 

the estimates variation between genotypes and 

effectiveness of selection in this genotypes for these 

traits. Heritability gives the information on the 

magnitude of inheritance of quantitative traits, while 

genetic advance will be helpful in formulating 

suitable selection procedures. 

 

The character, fodder yield per plant showed the 

highest genetic advance (23.38), followed by days to 

maturity (18.32) and days to 50 per cent flowering 

(17.78). The lowest genetic advance was observed for 

test weight (0.58), followed by number of productive 

tillers (1.17) and earhead per plant (1.22). When 

genetic advance expressed as percentage of mean, it 

was highest in iron content (109.60) followed by 

fodder yield per plant (58.48) and grain yield per 

plant (47.90). 

 

In the present investigation high heritability coupled 

with high genetic advance were observed for fodder 

yield per plant, plant height, days to 50% flowering 

and days to maturity. Direct selection for these traits 

would be effective as heritability and genetic advance 

might be due to additive gene interaction. While 

characters number of productive tillers, average 

fingers per head, finger length, earhead per plant, 

1000 grain weight, grain yield per plant, protein 

content and iron content exhibited high heritability 

and low genetic advance indicating the likelihood of 

predominance of non additive gene interaction. 

Similar results were obtained by Ganapathy (2011) 

and Lule et al. (2012). 

 

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. The basic idea behind 

formation of clusters is to get the intra and inter-

cluster distances. This serves as index for selection of 

parents with diverse origin. 

 

In the present study, D
2
 values between all possible 

pairs (2080) of 65 genotypes ranged between 12.75 

(KOPN 742 and KOPN 802) and 2677.33 (KOPN 

495 and KOPN 750). The high range for D
2
 values 

indicated the presence of great amount of diversity in 

finger millet genotypes under study. Similar results 

were obtained by Reddy et al. (1993). 

 

Clustering of genotypes following the Tocher’s 

method as described by Rao (1952) led to formation 

of 7 clusters in the present study (Table 3) (Fig 1). 

The cluster I contained 50 genotypes, followed by 

cluster II (11 genotypes), cluster III (2 genotypes). 

The cluster IV and V were monogenotypic. Dinesh 

Kumar et al (2010) grouped 140 genotypes in 10 

clusters. 
 
Intra and inter cluster D

2
 values were worked out 

using D
2
 values from divergence analysis (Table 4) 

(Fig 2). The minimum inter-cluster distance was 

observed in the cluster I and III (D
2
 = 16.93), 

followed by cluster II and V (D
2
 = 19.44) and cluster 

II and IV (D
2
 = 23.86). Genotypes falling between 

cluster III and IV exhibited maximum inter-cluster 

distances (D
2
=49.88) followed by cluster I and 

cluster IV (D
2
= 45.05) and cluster III and cluster V 

(D
2
-=34.31) indicating that genetic makeup of 

genotypes falling in this cluster may be entirely 

different from one another. The clustering pattern has 

clearly suggested the wide diversity between 

genotypes. 

 

The minimum intra-cluster distance was found in 

cluster III (D
2
 = 8.31), followed by cluster I (D

2
 = 

12.69). The maximum intra cluster distance was 

observed for the genotype falling in cluster II 

(D
2
=14.80). This implies that these clusters have the 
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genotypes with varied genetic architecture. The 

clusters IV and cluster V showed zero intra cluster 

distance due to monogenotypic nature. 
Cluster means for 12 characters revealed wide range 

of variability among the clusters for the characters 

days to 50 per cent flowering (75.84 to 95.92), days 

to maturity (109.34 to 123.82), productive tillers per 

plant (2.70 to 3.10), plant height (96.04 to 111.50 

cm), finger length (6.46 to 8.30), test weight (2.59 to 

3.10), grain yield per plant (12.83 to 18.10), fodder 

yield per plant (12.99 to 53.32) and iron content (3.62 

to 15.45 mg/100gm) (Table 5). Earlier workers Patil 

(1982) and Reddy et al. (1993) also reported wide 

variability among clusters for yield and most of the 

yield contributing characters. 
 
The mean performance of the clusters of 12 

characters showed that the cluster IV recorded 

highest grain yield per plant (18.10 g) and was 

characterized by high protein content (10.29 %), 

fodder yield per plant (52.60 g), finger length (8.30 

cm) and test weight (3.05 g). 

 

The cluster V was early for days to 50% flowering 

and maturity with lowest value. It include only one 

genotype KOPN 387. The cluster IV showed highest 

grain yield followed by cluster V and II. The 

genotypes included in these clusters can be used as 

diverse sources in future breeding programme. 

 

FUTURE LINE OF WORK 

In the present investigation based on the mean 

performance and estimates of morphological and 

molecular diversity studies of finger millet genotypes 

the genetically diverse genotypes be selected for 

further breeding programme. These genotypes should 

be from different clusters identified through 

morphological studies with higher mean performance 

for grain yield. The superior most divers genotypes 

identified based on phenotypic traits could be utilized 

in breeding programs to improve and  to widen the 

genetic base of finger millet for the selection of 

superior lines in segregating generation. Genotypes 

with multiple superior traits could be utilized for 

simultaneous transfer of multiple traits/genes in crop 

improvement. In overall, both D
2
 analysis suggested 

KOPN 161, KOPN 370, KOPN 915, KOPN 926, VL 

149, KOPN 892, PR 202, KOPN 495 and KOPN 387 

were the most diverse parents which would be used 

in crossing programme. 
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Table 1: Pooled analysis of variance of different characters in finger millet over the environments. 

Source of 

variation 

Degrees 

of 

freedom 

Mean sum of squares 

Days to 

50% 

flowering 

(number) 

Days to 

maturity 

(number) 

No. of 

Productive 

tillers per 

plant  

Plant 

height 

(cm) 

Average 

fingers per 

head (No.) 

Finger 

length 

(cm) 

Replication 1 4.796 3.157 5.645 7351.101 1.456 5.353 

Treatment 64 165.159** 170.65** 1.050** 234.026** 1.769** 1.631** 

Error 64 5.663 4.30 0.162 55.758 0.392 0.200 

 

Source of 

variation 

Degrees of 

freedom 

Mean sum of squares 

Earhead 

per plant 

(No.) 

1000 

grain 

weight (g) 

Fodder yield 

per plant (g) 

Protein 

content 

(%) 

Iron 

content 

(mg/100gm) 

Grain 

yield/ plant 

(g) 

Replication 1 4.935 0.171 10.916 0.361 0.048 0.598 

Treatment 64 1.112** 0.164** 276.967** 4.251** 16.734** 27.354** 

Error 64 0.165 0.002 6.622 0.207 0.040 2.323 

*, ** Significance at 5 and 1 per cent level, respectively. 

 

 

Table 2: Genetic variability in 65 genotypes of Finger millet 

Sr. 

No. 

Characters Range Mean GCV PCV Heritabi

lity % 

(bs) 

Genetic 

advance 

Genetic 

advance as 

% of mean 

1. Days to 50 % 

flowering 

72.17 to 107.00 91.98 9.71 10.05 93.37 17.78 19.32 

2. Days  to maturity 98.00 to 138.33 123.66 7.37 7.56 95.09 18.32 14.81 

3. Productive tillers 

per plant (No.) 

1.30 to 4.90 2.91 22.85 26.69 73.27 1.17 40.29 

4. Plant height (cm) 85.63 to 130.77 102.88 9.17 11.70 61.52 15.25 14.83 

5. Average fingers/ 

head 

5.13 to 10.53 6.89 12.03 15.07 63.69 1.36 19.78 

6. Finger length 4.46 to9.52 6.62 12.78 14.46 78.13 1.54 23.27 

7. Earhead per plant 2.20 to 5.97 3.91 17.57 20.41 74.12 1.22 31.17 

8. 1000 grain weight 

(gm) 

1.99 to 3.31 2.70 10.53 10.68 97.32 0.58 21.42 

9. Grain yield per 

plant  (g) 

5.20 to 20.75 13.97 25.32 27.57 84.34 6.69 47.90 

10. Fodder yield per 

plant (g) 

11.85 to 64.58 39.98 29.07 29.78 95.33 23.38 58.48 

11. Protein content (%)  5.84 to 11.96  8.82 16.13 16.93 90.71 2.79 31.65 

12. Iron content 

(mg/100gm) 

 2.63 to 15.45  5.42 53.33 53.46 99.52 5.94 109.60 
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Table 3: Distribution of 65 finger millet genotypes into different clusters 

Cluster No. of genotypes Genotype 

I 50 KOPN 742, KOPN 802, KOPN 727, KOPN 734, KOPN 865, KOPN 110, 

KOPN 735, KOPN 758, KOPN 899, Pattan gutting, KOPN 913, KOPN 

750, KOPN 795, KOPN 759, KOPN 780, KOPN 902, KOPN 908, KOPN 

928, KOPN 888, HR 911, KOPN 922, KOPN 381, KOPN 161, Thane 

local, Patan Shevra, KOPN 930, KOPN 862, KOPN 915, KOPN 68, 

KOPN 114, KOPN 757, KOPN 864, KOPN 939, KOPN 162, KOPN 934, 

KOPN 76, RAU 8, KOPN 55, KOPN 925, KOPN 101, PES 400, PES 110, 

KOPN 938, KOPN 163, VL 149, KOPN 230, KOPN 911, PR 202, KOPN 

426, HR 374  

II 11 KOPN 926,  KOPN 464, KOPN 355, KOPN 434, KOPN 728, KOPN 447, 

KOPN 388, KOPN 338,  KOPN 241, KOPN 929, KOPN 370 

III 2 KOPN 780, KOPN 892 

IV 1 KOPN 495 

V 1 KOPN 387 

 

 

Table 4: Average intra (diagonal) and inter (above diagonal) clusters D
2
 values in 7 clusters of 65 genotypes of 

finger millet. 

Cluster 

Number 

Cluster I Cluster II Cluster III Cluster 

IV 

Cluster V 

I 12.69 26.54 16.93 45.05 27.33 

II  14.80 31.48 23.86 19.44 

III   8.31 49.88 34.31 

IV    0.00 29.72 

V     0.00 

                        Figures in parenthesis denote D values. 

 

 

Table 5: Cluster means performance for 12 characters in 65 genotypes of  finger millet. 
Genotype Days 

to 

50% 

flower

ing 

Days 

to 

maturi

ty 

No. of 

Produ

ctive 

tillers  

Plant 

height 

(cm) 

Averag

e 

fingers/ 

head 

(No) 

Finge

r 

lengt

h 

(cm) 

Earhe

ad per 

plant  

1000 

grain 

weig

ht  

(g) 

Grain 

yield/ 

plant 

(g) 

Fodde

r 

yield/ 

plant  

(g) 

Prote

in 

conte

nt(%) 

Iron 

conte

nt 

(mg/

100g

m) 

  Cluster I 92.33 123.82 2.89 101.26 6.94 6.62 3.88 2.67 13.60 39.41 8.80 4.15 

Cluster II 91.12 121.77 3.08 109.92 6.53 6.46 4.09 .2.77 15.16 45.15 8.93 10.27 

Cluster III 95.92 123.67 2.75 96.04 7.63 6.94 3.70 2.59 12.83 12.99 7.44 3.62 

Cluster IV 92.50 121.17 2.70 111.47 7.07 8.30 3.67 3.05 18.10 52.60 10.29 15.45 

Cluster V  75.84 109.34 3.10 111.50 6.84 6.14 4.23 3.10 17.75 53.32 9.85 8.98 
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Fig 2: Intra and inter cluster distances among 7 clusters based on pooled data in finger millet. (Not to scale) 

 

 

Fig 1: Dendorgram of 65 finger millet genotypes based on 12 traits. 


