Assessment of genetic variability for morphological and nutritional traits in finger millet (Eleusine coracana (L.) Gaertn.)
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ABSTRACT

	Aims: To evaluate genetic variability parameters for twelve morphological and four nutraceutical traits in forty-five finger millet genotypes to identify traits with potential for crop improvement.

Study design: Randomised Complete Block Design (RCBD).

Place and Duration of Study: Hill Millet Research Station, NAU, Waghai, The Dangs, and Cotton Research Sub-Station, NAU, Achhalia, during summer 2024 and summer 2025.

Methodology: Forty-five diverse finger millet genotypes were evaluated with three replications. Days to 50% flowering and days to maturity were recorded on a plot basis, while plant height, productive tillers per plant, ear head length, fingers per panicle, finger width, weight of matured panicle per plant, 1000-seed weight, harvest index, fodder yield per plant and grain yield per plant were recorded from five randomly selected plants. Quality traits (protein, calcium, iron and crude fibre) were analysed using standard chemical and spectrophotometric methods. Analysis of variance and genetic parameters such as GCV, PCV, ECV, broad-sense heritability and genetic advance as a percentage of the mean were estimated.

Results: The study revealed significant genetic variability among the 45 finger millet genotypes for all sixteen traits. Environmental effects and genotype × environment interactions significantly influenced most agronomic traits, whereas nutritional traits remained relatively stable across environments. High heritability coupled with high genetic advance (as a percentage of the mean) was observed for ear head length (cm), finger width (cm), 1000-seed weight (g), protein content (%), calcium content (mg/100 g), iron content (mg/100 g) and crude fibre (%), indicating the predominance of additive gene action and the effectiveness of phenotypic selection for improving these traits. Moderate heritability along with high genetic advance as a percentage of the mean was recorded for grain yield per plant (g), harvest index (%) and weight of matured panicle per plant (g), suggesting good scope for improvement through selection.

Conclusion: The study revealed substantial genetic variability among the finger millet genotypes. Traits such as ear head length, finger width, 1000-seed weight, grain yield, protein, calcium, iron and crude fibre exhibited high potential for improvement through direct selection. These traits can be effectively utilised in developing high-yielding and nutritionally superior finger millet varieties.
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1. INTRODUCTION

Finger millet is known as a miracle crop and belongs to the genus Eleusine in the family Poaceae. Eleusine coracana (L.) Gaertn. has a chromosome number of 2n = 4x = 36 and is an allotetraploid. It is an important small millet crop within the cereal group and ranks fourth in the country after sorghum, pearl millet and foxtail millet. Globally, India, Ethiopia, Nepal, Uganda and Malawi account for 99.4% of the area and 99.6% of production. During the last decade, finger millet was grown on 28.1 lakh hectares and produced 38.3 lakh tonnes of grain, with a worldwide productivity of 1362 kg/ha. In 2022–23, India ranked first, with 11.63 lakh hectares under cultivation and 16.91 lakh tonnes of grain production, and a productivity of 1454 kg/ha, which was higher than the global productivity (Bhat et al., 2023). Karnataka is the leading state in acreage and production, followed by Uttarakhand, Tamil Nadu, Maharashtra and Odisha (Directorate of Economics and Statistics, 2023). In Gujarat, small millets occupy 39,460 hectares, of which finger millet covers 23,680 hectares, with an average productivity of 1640 kg/ha (Directorate of Agriculture, Gujarat State, 2023); finger millet cultivation is concentrated in the Dangs and Valsad districts of South Gujarat.

Millets are warm-season cereals known for their adaptability to drought-prone, hot and dry conditions. For instance, rice requires at least three times more water than finger millet (Mukherjee et al., 2025). Finger millet is also resistant to pests, reducing the need for pesticide applications and enhancing environmental sustainability. It is also considered a food-security crop because of its excellent nutritional quality and its ability to be stored without damage (Li & Siddique, 2020). Compared with major cereals, millet grains contain higher levels of minerals such as Ca, Fe, Mg and K (Saleh et al., 2013; Devi et al., 2014; Vinoth & Ravindhran, 2017). It also contains high levels of amino acids such as methionine, lysine and tryptophan, as well as polyphenols (Bhatt et al., 2011). The grain protein is rich in essential amino acids (Chandrasekara & Shahidi, 2011; Devi et al., 2014). Finger millet is a good source of protein, carbohydrates, fat, minerals and other vitamins, making it a valuable food for combating malnutrition in Asian and African countries. Furthermore, it contains high levels of amino acids (methionine, lysine and tryptophan) and fibre and is preferred by people with cardiovascular and constipation problems (Mirza & Marla, 2019).
Recent comparative evidence further supports the nutritional importance of finger millet, consistent with the present study's inclusion of protein, calcium, iron and crude fibre as nutraceutical traits (Tiwari et al., 2025).

Yield is regulated by many genes (polygenes) and is a complex quantitative trait. In a selection programme, selection based on yield alone is not effective. Therefore, selecting traits with high heritability that are interrelated with yield is effective. For this approach, genetic variability should be present within the crop population. Thus, understanding genetic variability within a population is essential for selection in any crop. The selection of parents with highly diverse backgrounds is an important criterion for the success of any hybridisation programme and for effective hybrid selection. Recent finger millet studies have similarly emphasised the usefulness of genetic variability, heritability, genetic advance and broader diversity assessment for identifying selection-relevant traits and breeding resources (Anand et al., 2024; Kayastha et al., 2024; Suthar et al., 2025; Wright & Devos, 2024). For the specific set of forty-five genotypes evaluated across the environments in this study, a combined assessment of morphological and nutraceutical variability together with selection-relevant genetic parameters was needed. Therefore, this study was conducted to examine variability in yield-contributing traits among forty-five finger millet genotypes by evaluating different genetic parameters viz., phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), environmental coefficient of variation (ECV), broad-sense heritability (h²) and genetic advance as a percentage of the mean (GAM).

2. material and methods

The present investigation was conducted using forty-five diverse finger millet genotypes evaluated at two locations, namely, the Hill Millet Research Station, NAU, Waghai, and the Cotton Research Sub-Station, NAU, Achhalia, during summer 2024 and summer 2025. The experiment was laid out in a Randomised Complete Block Design (RCBD) with three replications. Each genotype was sown at a spacing of 22.5 cm between rows and 7.5 cm between plants, following the recommended package of practices.

Observations were recorded for twelve morphological and four nutritional traits. Days to 50% flowering and days to maturity were recorded on a plot basis. Data on plant height (cm), productive tillers per plant, ear head length (cm), fingers per panicle, finger width (cm), weight of matured panicle per plant (g), harvest index (%), fodder yield per plant (g) and grain yield per plant (g) were recorded from five randomly selected plants in each replication. The 1000-seed weight (g) was determined from the bulk seed harvested from each plot.

The nutritional traits were estimated using standard analytical procedures. Protein content (%) was determined using the Micro-Kjeldahl distillation method (Association of Official Analytical Chemists [AOAC], 1990), whereas calcium (mg/100 g) and iron (mg/100 g) contents were estimated following the method described by Jackson (1967). Crude fibre content (%) was determined using the standard analytical procedure described by Yadilal et al. (2017).

The pooled analysis of variance was carried out according to the procedure described by Panse and Sukhatme (1978). Genetic variability parameters, including phenotypic, genotypic and environmental variances, were estimated following the method of Johnson et al. (1955a). The genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV) and environmental coefficient of variation (ECV) were calculated using the method proposed by Burton (1952). Broad-sense heritability (h²) and genetic advance as a percentage of the mean (GAM) were estimated according to the procedures suggested by Allard (1999) and Johnson et al. (1955b), respectively.

3. results and discussion
The pooled analysis of variance revealed significant differences among genotypes for all sixteen traits, indicating the presence of substantial genetic variability among the forty-five finger millet genotypes. Environmental effects and genotype × environment (G × E) interactions were highly significant for all agronomic and yield-related traits. In contrast, protein content, calcium content, iron content and crude fibre content showed non-significant environmental and G × E effects, indicating relatively stable expression across environments (Table 1).
Table 2 presents the variance components and genetic variability parameters, including GCV (%), PCV (%), h² (%) and GAM (%), for all sixteen traits studied. Phenotypic variance was higher than genotypic variance for all sixteen traits, indicating varying degrees of environmental influence on trait expression. Genotypic variance exceeded environmental variance for ear head length, finger width, 1000-seed weight, protein content, calcium content, iron content and crude fibre content, indicating that these traits were predominantly under genetic control. Environmental variance exceeded genotypic variance for days to 50% flowering, days to maturity, plant height, productive tillers per plant, fingers per panicle, weight of matured panicle per plant, harvest index, fodder yield per plant and grain yield per plant, suggesting greater environmental influence on these traits.
Low GCV and PCV were observed for days to 50% flowering and days to maturity, indicating limited genetic variability. Low GCV with moderate PCV was observed for plant height, whereas low GCV with high PCV was observed for fingers per panicle, indicating considerable environmental influence. Moderate GCV and moderate to high PCV were observed for productive tillers per plant, ear head length, finger width, weight of matured panicle per plant, 1000-seed weight, harvest index, fodder yield per plant, grain yield per plant, protein content, calcium content and crude fibre content, whereas iron content exhibited high GCV and PCV, indicating ample variability for selection.

Very high heritability was recorded for iron content (99.88%), followed by crude fibre content (99.49%), calcium content (99.39%), protein content (98.79%), 1000-seed weight (90.77%), ear head length (71.46%) and finger width (71.19%). Moderate heritability was observed for days to 50% flowering, harvest index, weight of matured panicle per plant, days to maturity, grain yield per plant and fodder yield per plant, whereas plant height, fingers per panicle and productive tillers per plant exhibited low heritability.

High genetic advance as a percentage of the mean (GAM) was observed for iron content, followed by protein content, calcium content, ear head length, crude fibre content, 1000-seed weight, grain yield per plant, weight of matured panicle per plant, finger width and harvest index. Moderate GAM was recorded for fodder yield per plant, whereas low GAM was observed for days to 50% flowering, plant height, productive tillers per plant, days to maturity and fingers per panicle.

High heritability coupled with high GAM was observed for ear head length, finger width, 1000-seed weight, protein content, calcium content, iron content and crude fibre content, indicating the predominance of additive gene action and the effectiveness of direct phenotypic selection. Similar findings were reported earlier by John (2006), Shet et al. (2010), Haradari et al. (2011), Priyadharshini et al. (2011), Ulaganathan and Nirmalakumari (2011), Lule et al. (2012), Karad and Patil (2013), Reddy et al. (2013), Suryanarayana et al. (2014), Kumari and Singh (2015), Mahanthesha et al. (2017), Keerthana et al. (2019), Anuradha et al. (2020), Udamala et al. (2020), Madhavilatha et al. (2021), Bharathi et al. (2022), Madhusri et al. (2022), Mahalle et al. (2024) and Patel et al. (2024) for various traits.

Grain yield per plant, harvest index and weight of matured panicle per plant exhibited moderate heritability with high GAM, suggesting that selection for these traits can also be effective despite moderate environmental influence. John (2006), Shet et al. (2010), Haradari et al. (2011), Priyadharshini et al. (2011), Ulaganathan and Nirmalakumari (2011), Lule et al. (2012), Karad and Patil (2013), Suryanarayana et al. (2014), Kumari and Singh (2015), Anuradha et al. (2020), Udamala et al. (2020), Madhavilatha et al. (2021), Bharathi et al. (2022), Madhusri et al. (2022) and Patel et al. (2024) also reported high heritability with high genetic advance.

Fodder yield per plant exhibited moderate heritability (35.64%) and moderate GAM (18.93%), indicating moderate genetic improvement through selection. Days to 50% flowering and days to maturity showed moderate heritability with low GAM, indicating a limited response to selection. Plant height, productive tillers per plant and fingers per panicle exhibited low heritability coupled with low GAM, suggesting greater environmental influence and the involvement of non-additive gene action.

Overall, ear head length, finger width, 1000-seed weight, grain yield per plant, harvest index, weight of matured panicle per plant, protein content, calcium content, iron content and crude fibre content were identified as the most promising traits for improvement through selection in the present breeding material.
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Table 1: Analysis of variance (mean sum of squares) for different characters under the study in finger millet.
	Source   of variation
	DF
	Mean sum of square

	
	
	Days to 50% flowering
	Days to maturity
	Plant height (cm)
	Productive tillers per plant
	Ear head length (cm)
	Fingers per panicle
	Finger width (cm)
	Weight of matured panicle per plant (g)

	Replications
	2
	7.17
	1.22
	25.13
	0.0025
	0.06
	0.13
	0.0018
	0.46

	Environments
	3
	773.95**
	1207.42**
	241.66**
	10.44**
	2.82**
	69.83**
	0.16**
	113.26**

	Genotypes
	44
	187.96**
	235.23**
	846.3**
	1.65**
	24.18**
	5.43**
	0.18**
	84.68**

	G × E
	132
	15.12**
	29.26**
	183.59**
	0.85**
	0.78**
	2.57**
	0.006**
	9.69**

	Pooled Error
	358
	3.05
	3.23
	21.01
	0.02
	0.14
	0.15
	0.0021
	1.87

	SEm±
	
	1.01
	1.04
	2.65
	0.07
	0.22
	0.22
	0.03
	0.79

	CD at 5%
	
	2.81
	2.89
	7.37
	0.19
	0.61
	0.61
	0.08
	2.20

	CV (%)
	
	2.54
	1.74
	4.04
	5.73
	4.81
	5.20
	4.54
	9.62

	

	Source   of variation
	DF
	Mean sum of square

	
	
	1000 Seed weight (g)
	Harvest index 
(%)

	Fodder yield per plant (g)
	Grain yield per plant (g)
	Protein content (%)
	Calcium content (mg/100g)
	Iron content (mg/100g)
	Crude fiber content (%)

	Replications
	2
	0.0009
	4.16
	0.04
	0.56
	0.039
	35.07
	0.0028
	0.0054

	Environments
	3
	0.041**
	76.24**
	95.65**
	16.89**
	0.0053
	16.82
	0.0006
	0.0027

	Genotypes
	44
	1.30**
	218.13**
	130.03**
	27.98**
	19.75**
	28376.21**
	11.42**
	7.08**

	G × E
	132
	0.011**
	20.48**
	17.01**
	3.52**
	0.0202
	14.61
	0.0011
	0.003

	Pooled Error
	358
	0.0014
	4.27
	1.51
	0.55
	0.0432
	41.06
	0.0039
	0.0087

	SEm±
	
	0.02
	1.19
	0.71
	0.43
	0.12
	3.70
	0.04
	0.05

	CD at 5%
	
	0.06
	3.31
	1.97
	1.20
	0.33
	10.29
	0.11
	0.14

	CV (%)
	
	1.63
	7.72
	6.17
	10.21
	2.97
	2.39
	2.03
	1.78



* P = .05, ** P < .01




Table 2: Descriptive statistics for all sixteen characters along with respective phenotypic, genotypic and environmental variances in finger millet
	[bookmark: _Hlk215346646]Sr.
No.
	Characters
	Variance
	(In %)

	
	
	Phenotypic
	Genotypic
	Environmental
	GCV
	PCV
	ECV
	h2 (bs)
	GAM

	1.
	Days to 50 % flowering
	29.52
	14.40
	15.12
	5.51
	7.88
	5.64
	48.79
	7.92

	2.
	Days to maturity
	46.43
	17.16
	29.26
	4.00
	6.58
	5.22
	36.97
	5.01

	3.
	Plant height (cm)
	238.82
	55.23
	183.59
	6.56
	13.64
	11.96
	23.12
	6.50

	4.
	[bookmark: _Hlk217867313]Productive tillers per plant
	0.92
	0.07
	0.85
	11.49
	42.74
	41.17
	7.22
	6.36

	5.
	[bookmark: _Hlk217867534]Ear head length (cm)
	2.73
	1.95
	0.78
	17.68
	20.91
	11.17
	71.46
	30.78

	6.
	[bookmark: _Hlk217867661]Fingers per panicle
	2.80
	0.24
	2.57
	6.55
	22.45
	21.47
	8.51
	3.93

	7.
	[bookmark: _Hlk217867702]Finger width (cm)
	0.021
	0.015
	0.006
	12.05
	14.28
	7.67
	71.19
	20.95

	8.
	[bookmark: _Hlk217868341]Weight of matured panicle per plant (g)
	15.94
	6.25
	9.69
	17.61
	28.12
	21.93
	39.21
	22.71

	9.
	[bookmark: _Hlk217868447]1000 Seed weight (g)
	0.12
	0.11
	0.011
	14.32
	15.03
	4.57
	90.77
	28.10

	10.
	[bookmark: _Hlk217869401]Harvest index (%) 
	36.95
	16.47
	20.48
	15.15
	22.70
	16.90
	44.58
	20.84

	11.
	[bookmark: _Hlk217869490]Fodder yield per plant (g)
	26.42
	9.42
	17.01
	15.40
	25.79
	20.69
	35.64
	18.93

	12.
	Grain yield per plant (g)
	5.56
	2.04
	3.52
	19.64
	32.44
	25.82
	36.66
	24.50

	13.
	Protein content (%)
	1.66
	1.64
	0.02
	18.31
	18.42
	2.03
	98.79
	37.48

	14.
	Calcium content (mg/100g)
	2378.08
	2363.47
	14.62
	18.13
	18.19
	1.43
	99.39
	37.24

	15.
	Iron content (mg/100g)
	0.95
	0.95
	0.0011
	31.70
	31.71
	1.08
	99.88
	65.26

	16.
	Crude fiber content (%)
	0.59
	0.59
	0.003
	14.66
	14.70
	1.05
	99.49
	30.12



GCV: Genotypic coefficient of variation, PCV: phenotypic coefficient of variation, ECV: Environmental coefficient of variation, 
h2 (bs): Heritability in broad sense, GAM: Genetic advance (% of mean), GA: Genetic advance





Fig 1: Bar graph representing GCV (%), PCV (%) and ECV (%) for sixteen characters in finger millet
	Dff: Days to 50 % flowering
	Ehl: Ear head length (cm)
	Tw: 1000 Seed weight (g)
	Pc: Protein content (%)

	Dm: Days to maturity
	Fp: Fingers per panicle,
	Hi: Harvest index (%)
	Cc: Calcium content (mg/100g)

	Ph: Plant height (cm)
	Fw: Finger width (cm)
	Fy: Fodder yield per plant (g)
	Ic: Iron content (mg/100g)

	Pt: Productive tillers per plant
	Pw: Weight of matured panicle per plant (g)
	Gy: Grain yield per plant (g)
	Cf: Crude fiber content (%)




Fig. 2: Bar graph representing heritability (broad sense) and genetic advance (% mean) for sixteen characters in finger millet
	Dff: Days to 50 % flowering
	Ehl: Ear head length (cm)
	Tw: 1000 Seed weight (g)
	Pc: Protein content (%)

	Dm: Days to maturity
	Fp: Fingers per panicle,
	Hi: Harvest index (%)
	Cc: Calcium content (mg/100g)

	Ph: Plant height (cm)
	Fw: Finger width (cm)
	Fy: Fodder yield per plant (g)
	Ic: Iron content (mg/100g)

	Pt: Productive tillers per plant
	Pw: Weight of matured panicle per plant (g)
	Gy: Grain yield per plant (g)
	Cf: Crude fiber content (%)



Conclusion

Findings from this study showed that significant genetic variability was present among the 45 finger millet genotypes. Phenotypic selection would be effective for ear head length (cm), finger width (cm), 1000-seed weight (g), protein content (%), calcium content (mg/100 g), iron content (mg/100 g) and crude fibre (%) because of the comparatively lower environmental influence on the expression of these traits. A combination of selective breeding and multi-location trials, coupled with phenotypic selection, would be effective for days to 50% flowering, days to maturity, plant height (cm), productive tillers per plant, fingers per panicle, weight of matured panicle per plant (g), harvest index (%), fodder yield per plant (g) and grain yield per plant (g).

Moderate GCV and PCV, coupled with moderate to high heritability and genetic advance, were found for traits such as ear head length (cm), finger width (cm), weight of matured panicle per plant (g), 1000-seed weight (g), harvest index (%), fodder yield per plant (g) and grain yield per plant (g). These traits can be improved by introducing new genetic material into the breeding programme to enhance genetic variability and by increasing the intensity of selection through choosing individuals with the highest phenotypic values for the target traits. This approach helps to concentrate favourable alleles and increase the frequency of desired genetic variants in subsequent generations.

Limitations of the study: 
The study evaluated 45 finger millet genotypes across two locations during summer 2024 and summer 2025. Although this multi-environment assessment captured variation across the tested conditions, the findings remain specific to the evaluated germplasm and environments. Several agronomic traits showed significant environmental and genotype × environment effects, which may reduce the consistency of selection responses across other production settings. Further multilocation and multiseason evaluation of the identified traits and genotypes would help confirm their stability and improve the wider applicability of the selection criteria.
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Importance of this manuscript

The manuscript is relevant to finger millet improvement as it evaluates genetic variability for both morphological and nutritional traits in 45 diverse genotypes. The study provides useful information on GCV, PCV, heritability and genetic advance, which can help breeders identify traits with good potential for selection. The inclusion of nutritional traits such as protein, calcium, iron and crude fibre adds value to the study from a nutritional improvement perspective. The findings may support the development of high-yielding and nutritionally superior finger millet varieties and can therefore be useful for breeders and researchers working on finger millet improvement.
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