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ABSTRACT 

An experiment was conducted to assess nineteen finger millet virescent lines derived from cross [GPU 28 x (GE 

1 x GPU 67)8-5] for seven yield and its attributing traits by following top cross method, where Indaf 9 was used as a 

tester. The virescent lines along with their top cross progenies and checks (GPU 28, GE 1, GPU 67 and Indaf 9) were 

evaluated under augmented design. Based on breeding value, per se mean and topcross progeny mean value virescent 

lines were selected for high grain yield per plant (7-1, 4-1 and 17-6), high fodder weight per plant (12-10, 4-1 and 4-11), 

more finger numbers per ear head (12-10, 8-3 and 17-6), longer finger length (4-11, 18-2 and 11-6) and reduced 

flowering time (3-6, 5-2, 8-3, 18-2, 12-4, 4-11, 4-2 and 21-6). Parent-offspring correlation coefficient (rPO) was calculated 

to ascertain the relationship between parent and offspring, which was found significant for plant height, finger length, 

finger number, fodder weight per plant and grain yield per plant. Regression of breeding value (A) over phenotypic value 

(P) (bAP), which is analogous to heritability was high for finger length (0.84 ± 0.1), productive tillers (0.53 ± 0.1) and 

finger number per ear (0.5 ± 0.14) and low for fodder weight (0.03 ± 2.71) and grain yield (0.09 ± 0.7).  
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INTRODUCTION 

Cultivated finger millet (Eleusine coracana subsp. coracana) is an allotetraploid (2n=4x=36) nutri-cereal 

crop and it belongs to the Poaceae family and Chloridoideae sub-family (Srinivasachary et al., 2007). It is adapted 

to a wide range of agro-climatic conditions and provides critical plant genetic resources upon which millions 

depend for food and rural household incomes on infertile and marginal lands (Hilu et al., 1979). Finger millet is 

known for its excellent nutritional value having high protein, methionine and other essential amino acids. It also 

has some medicinal properties viz., hypoglycemic, hypocholestromic and is rich in antioxidants, hence highly 

valued for diabetics and for better gastrointestinal health (Devi et al., 2011). It is also known as a food security 

crop in the times of famine due to its excellent storage quality, where small seeds can be stored for years without 

damage from storage insects (Dida et al., 2007). 

Over the last two decades, area and production of finger millet are in declining phase due to the 

replacement of this crop by other competitive crops, so there is a need to increase its productivity. To achieve this, 

efforts have been made in realizing high yield potential using genetic resources across the world. Improved finger 

millet varieties have been developed mostly by selection or hybridization followed by selection. Such varieties 

have a maximum yield potential of 50-55 q/ha (Gowda, 2014), but it is almost reaching stagnation. To achieve 

higher yield potential, release of maximum variability is essential, but in finger millet this release of variability is 
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slow and arduous because of its polyploid nature and difficulty in hybridization. Polyploidy nature of crop demands greater 

shuffling of genes for reaching higher genetic potential, which can be achieved by using recurrent selection method.  

In finger millet crossing program, emasculation is very difficult due to its small florets. However, some of the 

crossing methods viz., hot water method, polybag method, use of gametocides and contact method have been followed. In 

the absence of robust morphological marker in parent's identification of F1’s is very difficult. Utility of molecular marker in 

testing hybridity is not practicable because of low recovery of hybrids. The use of robust phenotypic markers in crossing 

program to identify hybrids can enhance recombination breeding. Virescence marker is one of that kind, which expresses 

stably during the seedling stage and helps to identify F1s at seedling stage itself.  

In finger millet breeding programs, genotypes are selected based on their per se phenotypic performance. Here a 

direct phenotypic selection could mislead breeder in selecting desirable genotype as quantitative characters exhibit low 

heritability. One of the most efficient procedures for identifying genotypes with potential use of artificial crosses is the top 

cross, where selection is performed based on breeding value. This procedure precisely and rapidly tests large number of 

lines (pure lines, open pollinated and synthetic populations) with common genotype having wide genetic background, 

known as tester. It was first proposed by Jenkin and Brunsen (1932), as a method of testing inbred lines of maize in cross-

bred combinations. Later, Tysdal and Grandall (1948) renamed it as top cross. Two important aspects of topcross method 

are assessing parents in pairwise combination: i) the contribution of each parent is directly transferred to the progeny main, 

(XParents x Progenies), i.e. Through additive gene action, and ii) the reliability of the results being obtained is independent 

of the quantitative or qualitative nature of the data. Topcross method was used in the assessment of maize parental lines by 

several workers (Keller, 1949; Horner et al., 1976; Gama et al., 1993; Sawazaki et al., 2000; Duarte et al., 2003; 

Mihaljevic et al., 2005). In the present study, nineteen virescent lines have been assessed based on their topcross progeny 

performance and superior lines are selected based on their breeding value. 

MATERIAL AND METHODS 

The experiment was carried out in Project Coordinating Unit (Small millets), AICSMIP, GKVK, Bengaluru, India 

during kharif season 2014. 

Nineteen phenotypically superior virescent lines (expresses yellow leaf color during seedling stage) was selected 

in the F3 generation of the cross [GPU 28 x (GE 1 x GPU 67)8-5)] involving superior parental lines. The performance of 

virescent lines was assessed for seven yield and yield attributing traits by following topcross method. Indaf 9, a tall, 

vigorous and pigmented variety was used as a tester, which was found to have a good general combining ability 

(Krishnappa et al., 2009). This tester was crossed with 19 virescent lines to develop topcross progenies. Since virescence 

(yellow leaf color) is recessive to green leaf color, virescent lines were used as female parents to facilitate easier 

identification of F1s (green) at seedling stage. Virescent lines and their corresponding topcross progenies (green F1 

seedlings) along with four checks viz., GPU 28, GE 1, GPU 67 and Indaf 9 were transplanted from the nursery to field and 

evaluated under augmented design in two blocks. The breeding values of virescent lines were estimated using adjusted 

means of parents and corresponding top cross progenies (Jenkins and Brunsen, 1932). Based on breeding value, per se 

means and top cross progeny mean values superior virescent lines were selected. 
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STATISTICAL METHODS 

Breeding Value of Parents (A) 

The breeding value is the standardized deviation of progeny means from the general mean of all progenies 

developed in a crossbreeding program. Breeding value represents gca effect (fixable component) of individual parent. 

Ai= Ai’/ (SD (Ai’) = ( i- )/ (SD (Ai’) 

Where, 

Ai = standardized breeding value of ith parent  

Ai’ = unstandardized breeding value: deviation of progeny mean from the overall mean of progenies (0), such 

that sum of all Ai’ = 0 

Parent-Offspring Correlation (Rop) 

Significance of breeding value in the parent was judged based on parent-progeny correlation (rop); where parent 

(p) was an independent variable and the offspring (o) was dependent variable for any character, as  

rop = 
Cov (op) 

= 
Cov (op) 

at p-2 d.f. 
  

Where,  

pSS and cSS are obtained from ANOVA table 

Parent-Offspring Regression (Bop) 

bop = 
Cov (op) 
pSS 

 

Regression of Breeding Value (A) on Phenotypic Value (bAP) 

bAP is analogous to heritability. 

bAP = 
Cov (AP) 
Var (P) 

Where, 

Cov (AP) = i = A1� 1 + A1� 2 + ………. An� n 

Var (P) = i
2 – ( ) 2/ P 

 

RESULTS AND DISCUSSIONS 

During Kharif 2014, nineteen virescent lines, their corresponding top crosses and checks were evaluated under 

augmented design. Analysis of variance revealed significant differences among test entries for all the traits except 

productive tillers per plant and plant height (Table 1). Significant differences were also observed among the checks for all 
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traits except productive tillers per plant.  

Breeding value (A) is the main parameter in selection of lines, though topcross analysis (Jenkin and Brunsen, 

1932) as it represents the gca (general combining ability) effect of the individual test line. Larger the A, the greater is the 

gca effect (fixable component). The genetic background of the tester (Indaf 9) is common to all nineteen test-virescent 

lines; i.e. contribution of pollen parent (tester) is same to all hybrid progenies (topcrosses). Therefore, should there be any 

significant difference between half-sib families (topcrosses), it must be necessarily due to differential ability of test 

virescent lines to contribute differentially to the progenies. Hence, the superiority of a half-sib family (topcross progeny) is 

attributed to the superior combining ability (breeding value) of respective virescent lines.  

In this study superior virescent lines having high breeding value along with high per se mean and high topcross 

progeny mean were selected. For days to flowering, virescent lines having low per se mean and low topcross progeny 

mean is selected (Table 2). Superior virescent lines are tabulated in Table 2 with their breeding value, per se mean value 

and their topcross mean value for different yield and its related traits. For grain yield per plant, 7-1, 4-1 and 17-6 lines were 

found to be superior, with high ‘A’ of 1.46, 1.35 and 1.01 with per se mean of 16.78, 15.18 and 20.18 g and its top cross 

progeny mean of 22.08 g, 21.53 g and 19.83 g respectively. For days to flowering, 3-6,5-2, 8-3, 18-2, 12-4, 4-11, 4-2 and 

21-6 lines were selected based on their highest negative breeding value (-0.73) with low per se mean and low topcross 

mean (Table 2), because early flowering is a desirable trait. For fodder weight, 12-10, 4-1 and 4-11 lines having high ‘A’ 

among virescent lines with high per se mean of 85.23 g, 55.83 g and 37.23 g with their top cross mean of 95.38 g, 90.28 g 

and 82.38 g respectively were selected. Likewise for finger length 4-11, 18-2 and 11-6 and for finger number per ear head 

12-10, 8-3 and 17-6 virescent lines were selected. Virescent line 4-1 has shown high ‘A’ for both grain yield and fodder 

weight and 12-10 shown high ‘A’ for both finger number and fodder weight. These selected virescent lines could be 

explored in the hybridization breeding program for yield improvement in finger millet.  

Parent-offspring correlation coefficient was calculated to ascertain the relationship between parent and offspring. 

Significant parent-offspring correlation was observed for plant height, finger length, finger number, fodder weight and 

grain yield (Table 3). This indicates the authentic nature of breeding values computed for these traits. Therefore, selection 

of parents could be made based on the breeding value of these traits. 

However, other genetic parameter, regression of breeding value (A) over phenotypic value (P) (bAP) which is 

analogous to heritability is also an important criteria to select parents based on per se mean. Among the traits under study, 

finger length (0.84 ± 0.1), productive tillers (0.53 ± 0.1) and finger number per ear (0.5 ± 0.14) had highest heritability. 

Fodder weight (0.03 ± 2.71) and grain yield (0.09 ± 0.7) have shown low heritability compared to other traits (Table 3), 

which can be due to the complexity of the traits and are greatly influenced by environment. Thus lines selected based on 

their breeding value, per se mean and topcross progeny mean value would be a good resource for recombination breeding 

in finger millet 

CONCLUSIONS 

Thus lines selected for grain yield viz., 7-1, 4-1 and 17-6 and yield related traits based on their breeding value, per 

se mean and topcross progeny mean value would be good resource for recombination breeding in finger millet. 
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APPENDICES 

Table 1: Analysis of Variance of Nineteen Virescent Genotypes and their Corresponding  
Top Crosses for Yield and its Attributing Traits 

Source of Variation d.f. DF PT PHT FL FN FOW YLD 
Block 1 0 0.1 0.9 0.07 0.32 0.2* 0.2 
Entries 41 15.3*** 0.4 124.9* 0.72** 0.67* 415.9*** 22.6* 
Checks 3 76*** 0.2 274.3* 4.59*** 3.66** 582.5*** 41.1** 
Genotypes 37 10.4*** 0.4 92.2 0.41* 0.44* 387.1*** 20* 
Checks vs Genotypes 1 15.9***  0.2 887.8** 0.39* 0.04 981.3***  61* 
Error 3 0 0.1 11.3 0.02 0.04 0 1.4 

Abbreviations: d.f., degrees of freedom; DF, days to 50 % flowering; PT, productive tiller number per plant; 

PHT, plant height (cm); FL, finger length (cm); FN, finger number per ear; FOW, fodder weight per plant (g); YLD, grain 

yield per plant. 

Table 2: Breeding Values of Virescent Genotypes along with their Per Se Mean and Top Cross Progeny Mean 

 

Table 3: Genetic Parameters Representing Parent-Offspring Relationship of  
Nineteen Virescent Lines and its Topcrosses 

Genetic Parameter DF PT PHT FL FN FOW YLD 
rOP 0.335 0.310 0.811*** 0.563*** 0.433* 0.562*** 0.377* 
bOP 0.264 0.518 0.796 0.540 0.465 0.692 0.431 
bAP 0.139 0.532 0.056 0.836 0.498 0.031 0.089 
SE(bAP) 0.408 0.100 1.533 0.100 0.141 2.705 0.701 

                        *, *** significant at 0.05 and 0.001 level. 

Abbreviations: DF, days to 50 % flowering; PT, productive tiller number per plant; PHT, plant height (cm); FL, 

finger length (cm); FN, finger number per ear; FOW, fodder weight per plant (g); YLD, grain yield per plant. 


