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Abstract 
The experiment was conducted at the field of Agril. Botany Dr. PDKV, Akola (MH) during Kharif-2018 

and Kharif-2019and assessed 52diverse genotypes of Foxtail millet (Setaria italica (L.) P. Beauv) for 

genetic diversity. The data on 12 quantitative traits were recorded to assess the magnitude of genetic 

divergence for yield and yield contributing traits. In the present investigation, D2 statistic indicated that 

the genotypes studied were genetically diverse. Based on genetic distances the 52genotypes under study 

were grouped into five clusters. Cluster I contains highest 36 genotypes, Cluster III and II were the next 

large clusters which involve 7 and 6 genotypes respectively belonging to diverse origin. Remaining 

clusters IV and V contained two and one genotype respectively. The maximum inter-cluster distance was 

observed between cluster V and III. In overall, D2 analysis suggested genotypes belonging to the distinct 

cluster (V and III) could be used in hybridization programme for enhance the productivity of foxtail 

millet. 
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Introduction 

Foxtail millet (Setaria italic (L.) P. Beauv) is also known as Italian millet, German millet, 

Chinese millet and Hungarian millet. In India common names are Navanein Kannad, Korraluin 

Telgu, Tenaiin Tamil, Kanginiin Gujrathi and Hindi, Kang and ralain Marathi. It is one of the 

oldest crops cultivated for food grain, hay and pasture. According to Vavilov (1926) [17], the 

principal centre of diversity for foxtail millet is East Asia, including China and Japan. The 

most recent archaeological evidence demonstrated that the foxtail millet is the most ancient 

crop as its domestication in China dates back to 8,700 years ago (Lu et al., 2009) [7]. It is an 

important grain crop in temperate, subtropical, tropical Asia and in parts of southern Europe. 

China, India and Japan are the major foxtail millet growing countries in the world. In India, the 

cultivation of foxtail millet is confined to Andhra Pradesh, Karnataka and Tamil Nadu and 

some parts of Maharashtra. 

With the rapid development of maize and other crops, foxtail millet has gradually become a 

minor crop in the last 80 years but it is still widely cultivated in Asia, Europe, North America, 

Australia and North Africa as grain food or forage (Austin, 2006) [3]. It is not correct to 

consider foxtail millet as a low yielding crop, the actual problem being that growing conditions 

in many areas are poor and grown as rainfed beside lack of improved cultivars. The yield level 

of 1,500-2,250 Kg ha-1has been reported from China (Jiaju, 1986) [5]. At present, in India the 

crop is cultivated on a very limited area of around 5.90 lakh hectares in sporadic patches in the 

states of Andhra Pradesh, Karnataka, Tamil Nadu, Maharashtra, Rajasthan, Madhya Pradesh, 

Uttar Pradesh and North Eastern states with annual production of 3.86 lakh tonnes and 

productivity of 655 Kg ha-1 (Anonymous, 2015-16) [2].  

 

Materials and Methods 

The experimental material consisted of 52 elite foxtail millet genotypes collected from all over 

India. These genotypes grown in randomized block design with three replications at field of 

Agril. Botany Dr. PDKV, Akola (MH) during Kharif-2018 and Kharif-2019. Twelve yield 

contributing characters were taken to assess the magnitude of genetic divergence for 52 

genotypes of foxtail millet. Each entry was grown in 3meter 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, total numbers 

of tillers per plant, number of productive tillers per plant, panicles length, panicle girth, grain 

yield per plant, straw yield per plant, thousand grain weight except 50 per cent flowering and  
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days to maturity. Days to 50 per cent flowering and days to 

maturity was noted on plot 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) [8] D2 statistic as described 

by Rao (1952) [12]. On the basis of D2 values genotypes were 

grouped into different clusters according to Tocher’s method 

given by Rao (1952) [12]. 

 

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.  

D2 statistics, a concept developed by Mahalanobis (1936) [8] 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 D2 Values 52 genotypes 

were grouped into five clusters (Table 1). Cluster I had the 

maximum of 36 genotypes each. Cluster III and II were the 

next large clusters which involve 7 and 6 genotypes 

respectively belonging to diverse origin. Remaining clusters 

IV and V contained two and one genotype respectively. 

Intra and inter cluster D2 values were worked out using D2 

values from divergence analysis (Table 2).The mean D2 

values of cluster elements were used as measure of intra and 

inter-cluster distance. The maximum inter-cluster distance 

was found between cluster III and cluster V (D² =1677.12) 

followed by cluster II and cluster III (D² =1296.00), cluster IV 

and cluster V (D² =880.31). The cluster I showed the 

maximum inter-cluster distance with cluster IV (D² =341.14) 

followed by cluster V (D² =336.72) and cluster III (D² 

=285.61).The maximum inter-cluster distance of cluster II 

was observed with cluster III (D² =1296.00) followed by 

cluster IV (D² =583.22) and cluster IV (D² =265.36).The 

cluster III was most distant from cluster V (D² =1677.12) and 

cluster IV (D² =686.44).The cluster IV showed the maximum 

inter cluster distance with cluster V (D² =880.31). 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 III and V were more divergent 

than any other cluster. Hence, the genotypes belonging to the 

distinct cluster (III and V) could be used in hybridization 

programme for obtaining a wide spectrum of variation among 

the segregrants. 

The Intra cluster D² values ranged from zero to 105.47. 

Maximum intra cluster distance was observed in cluster III 

(D² =105.47) followed by cluster I (D² =76.04), cluster IV (D² 

=62.25) and cluster II (D² =43.16). The cluster in which only 

one genotype was grouped, the intra cluster distance was zero.  

The cluster means for all the characters are presented in table 

3. The cluster mean for days to 50% flowering was lowest in 

cluster I (57.43) while it was highest in cluster IV (64.92). For 

days to maturity the cluster mean was lowest in cluster I 

(88.61) followed by cluster III (89.24) while it was highest in 

cluster IV (96.00). Cluster mean for total No. of tillers was 

highest in cluster V (6.18) and lowest in cluster IV (3.37). For 

No. of productive tillers cluster mean was highest in cluster V 

(5.32) and lowest in cluster IV (2.27). The cluster mean for 

plant height was highest in cluster IV (166.83) and the lowest 

in cluster II (119.33).Panicle length was highest in cluster III 

(19.37) and lowest in cluster V (15.37). Panicle girth has 

recorded highest mean in cluster IV (7.50) and lowest in 

cluster II (4.58). Cluster mean for grain yield per plant was 

highest in cluster IV (18.02) and lowest in cluster II (12.25). 

For straw yield per plant cluster mean was highest in cluster 

IV (31.53) and lowest in cluster II (21.71). 1000 grain weight 

was highest in cluster IV (2.79) and lowest in cluster II (2.40). 

For grain Fe content the cluster mean was highest in cluster 

III (48.41) and lowest in cluster V (21.03).Cluster mean for 

grain Zn content was highest in cluster III (46.22) and lowest 

in cluster II (21.44). It is observed that number of cluster 

contained at least one genotype with all the desirable traits, 

which ruled out the possibility of selecting one genotype 

directly for immediate use. Therefore, hybridization between 

the selected genotypes from divergent clusters is essential to 

judiciously combine all the targeted traits. 

The Genotype group into cluster IV had highest yields for 

grain yield/plant associated high panicle girth, straw 

yield/plant, 1000 grain weight, plant height. Genotype group 

in cluster V had high total number of tillers and productive 

tillers. Genotype group in cluster III had high panicle length, 

grain Fe content and Grain Zn content. Genotype group in 

cluster I had low days to 50% flowering, and days to maturity. 

Intercrossing the genotypes of these clusters may result in 

enlarged variability ands election for these traits could result 

in higher yield combined with high tillers. These results were 

reported by Murugan & Nirmalakumari (2006) [10], Sheriff 

(1992) [15], Maloo and Bhatta chargee (1999) [9], Satish (2003) 

[13], Shanmuganathan et al. (2006) [14], Bedis et al. (2007) [4], 

Nirmala kumari and Vetriventhan (2010) [11], Kumuda et al. 

(2011) [6], Yogeesh et al. (2015) [18] and Amarnath et al. 

(2019) [1]. 

 
Table 1: The distribution of 52 genotypes of Foxtail millet into five different clusters on the basis of Mahalanobis D2 Statistics 

 

Clusters Total no. of genotypes Genotypes included in the clusters 

I 36 

(40) IC-120237 

(45) IC-120236 

(33) IC-120204 

(24) IC-120166 

(21) IC-120148 

(25) IC-120167 

(48) IC-326751 

(37) IC-120221 

(38) IC-120226 

(10) IC-97172 

(41) IC-120243 

(46) IC120406 

(51) PS4 

(1) IC-28471 

(30) IC-120195 

(50) IC-333258 

(49) IC-326779 

(43) IC-120247 

(26) IC-120177 

(34) IC-120208 

(4) IC-97109 

(6) IC-97144 

(44) IC-120255 

(15) IC-97191 

(20) IC-97296 

(32) IC-120201 

(13) IC-97188 

(27) IC-120182 

(9) IC-97167 

(12) IC-97185 

(3) IC-97107 

(18) IC-97196 

(2) IC-97105 

(5) IC-97111 

(14) IC-97189 

(11) IC-97177 

II 6 (17) IC-97195 (47) IC-120408 (42) IC-120244 
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(52) Lepakshi (7) IC-97116 (8) IC-97130 

III 7 

(28) IC-120183 

(29) IC-120192 

(19) IC-97293 

(35) IC-120213 

(16) IC-97194 

(39) IC-120235 

(23) IC-120150 

IV 2 (22) IC-120149 (31) IC-120200 

V 1 (36) IC-120234 

 
Table 2: Average Intra and Inter-cluster (D2) values for 52 genotypes of Foxtail millet 

 

Clusters I II III IV V 

I 8.72 (76.04) 16.43 (269.94) 16.90 (285.61) 18.47 (341.14) 18.35 (336.72) 

II  6.57 (43.16) 36.00 (1296.00) 24.15 (583.22) 16.29 (265.36) 

III   10.27 (105.47) 26.2 (686.44) 40.96 (1677.12) 

IV    7.89 (62.25) 29.67 (880.31) 

V     0.00 (0.00) 

 
Table 3: Cluster means for 12 characters in 52 genotypes of Foxtail millet. 

 

Sr. No. Character 
Clusters 

I II III IV V 

1 Days to 50% flowering 57.43 59.39 58.12 64.92 60.67 

2 Days to maturity 88.61 90.61 89.24 96.00 91.83 

3 Total No. of tillers 4.06 4.33 4.09 3.37 6.18 

4 No. of productive tillers 3.01 3.31 3.10 2.27 5.32 

5 Plant height (cm) 142.63 144.22 150.19 166.83 119.33 

6 Panicle length (cm) 16.97 16.44 19.37 19.05 15.37 

7 Panicle girth (cm) 4.65 4.58 4.95 7.50 5.15 

8 Grain yield / plant (gm) 12.68 12.25 12.95 18.02 12.51 

9 Straw yield / plant (gm) 22.49 21.71 23.04 31.53 21.94 

10 1000 grain weight (gm) 2.52 2.40 2.44 2.79 2.64 

11 Grain Fe Content (mg/kg) 32.62 29.37 48.41 32.58 21.03 

12 Grain Zn Content (mg/kg) 38.19 21.44 46.22 35.17 33.77 

 

 
 

Fig 1: Intra and inter cluster distances among five clusters in foxtail millet at Akola during Kharif( 2018-19& 2019-20) 

 

Conclusion 

The genotypes from the cluster III and V were more divergent 

than any other cluster. Hence, the genotypes belonging to the 

distinct cluster (III and V) could be used in hybridization 

programme for obtaining a wide spectrum of variation among 

the segregrants. 
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