HETEROSIS STUDIES IN PEARL MILLET

ABSTRACT : Twenty one cross combinations were evaluated for relative heterosis and heterobeltiosis with three replications in a Randomized Block Design at research farm of Bajra Research Scheme, College of Agriculture, Dhule during kharif-2024. The core objective of this study was to identify superior crosses based on heterosis. The extent of heterosis differed among the various crosses for each of the traits examined. Notable magnitude of relative heterosis and heterobeltiosis was observed for plant height, 1000 grain weight, grain yield per plant and dry fodder yield per plant. The highest relative heterosis for grain yield was 65.50% and that of better parent heterosis was 60.68%. The heterosis observed for grain yield could be attributed to the heterosis expressed in its component traits, particularly, number of effective tillers per plant, earhead girth, 1000 grain weight. The crosses viz., DHLB-893B X DHLB-895B, DHLB-10B X DHLB-895B, DHLB-36B X DHLB-895B were promising for grain yield on the basis of mean performance and heterosis.
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INTRODUCTION:  Pearl millet [Pennisetum glaucum (L.) R. Br.], a climate-resilient and nutrient-rich cereal crop, holds significant importance in food and fodder systems across arid and semi-arid regions. Globally, pearl millet is predominantly cultivated in Africa and Asia, accounting for over 95% of the total area and production. The global area under pearl millet cultivation is approximately 28 million hectares, with an annual production of 29 million tonnes and an average productivity of 1.04 tonnes per hectare. India is the largest producer of pearl millet, contributing around 40% of the global area and 20% of the global production. In India, pearl millet is grown on approximately 7.5 million hectares, with a production of about 11 million tonnes and an average yield of 1.47 tonnes per hectare. The major pearl millet-growing states in India include Rajasthan, Maharashtra, Uttar Pradesh, Gujarat, and Haryana, with Rajasthan alone accounting for over 50% of the national area. (FAO, 2023). Systematic studies on heterosis expression and its genetic basis are crucial for advancing breeding strategies aimed at enhancing both productivity and resilience in pearl millet.
MATERIAL AND METHODS
The experimental material consisting seven maintainer lines viz., DHLB-10B, DHLB-14B, DHLB-23B, DHLB-28B, DHLB-36B, DHLB-893B and DHLB-895B were obtained from Bajra Research Scheme, Dhule. By using 7 X 7 half diallel mating design excluding reciprocals made the experimental material comprising of twenty-one crosses. These twenty-one crosses were planted in a plot of single row of 4 m length and having row to row spacing 50 cm and plant to plant distance of 15 cm and were assessed for heterosis with three replications by using Randomized Block Design during kharif-2024. The observations were recorded for days for 50 per cent flowering, days to maturity, plant height (cm), number of effective tillers per plant, earhead length (cm), earhead girth (cm), 1000 grain weight (g), grain yield per plant (g) and dry fodder yield per plant (g). Data were recorded on randomly selected five competitive plants from each genotype per replication for these nine characters. The mean values of all the traits were statistically analyzed using the analysis of variance technique given by Panse and Sukhatme (1995). Estimation of relative heterosis and heterobeltiosis as per Fonesca and Patterson (1968).  
RESULTS AND DISCUSSION
The analysis of variance indicated that the mean sum of squares due to genotypes were significant for all characters studied. This implies that there is ample amount of variability among the genotypes. The replications exhibited non-significance for all the nine characters that highlighted good homogeneity among replications. (Table 1).
Crosses DHLB-36B X DHLB-893B and DHLB-23B X DHLB-895B exhibited significant relative heterosis and heterobeltiosis  in desirable direction for days to 50% flowering (-7.14, -10.06) and (-5.26, -10.56), days to maturity (-5.10, -5.28) and (-5.82, -6.69), number of effective tillers per plant (18.11, 11.94) and (26.96, 10.61), 1000 grain weight (33.75, 29.49) and (30.08, 20.55), grain yield per plant (44.95, 36.50) and (35.39, 29.07) per cent respectively. Cross DHLB-10B X DHLB-14B also exhibited significant relative heterosis and heterobeltiosis in desirable direction for days to 50% flowering (-7.59, -8.50), number of effective tillers per plant, (32.73, 28.07), grain yield per plant (30.59, 20.91) along with plant height (36.48, 27.43), earhead length (42.62, 25.59) and dry fodder yield per plant (51.98, 42.91) per cent respectively. Similar results were reported by Singh et al. (2022), Rouamba et al. (2023), Barhate et al. (2023), and Gavali et al. (2024).
Cross DHLB-893B X DHLB-895B showed highest significant relative heterosis and heterobeltiosis for grain yield per plant (65.50, 6.68) with significant heterosis for days to 50% flowering (-5.63, -6.21), plant height (17.37, 17.06), number of effective tillers per plant (9.77, 8.96) and 1000 grain weight (19.91, 17.48) per cent respectively. The range of relative heterosis exhibited by crosses for grain yield varied between -7.67% to 65.50% and that of heterobeltiosis was recorded between -19.32% to 60.68%. Results were in agreement with  Singh et al. (2022), Barhate et al. (2023), and Gavali et al. (2024).
Cross combination  DHLB-36B X DHLB-895B exhibited significant relative heterosis and heterobeltiosis for days to maturity (-4.12, -4.83), number of effective tillers per plant (14.29, 9.09), earhead girth (11.36, 11.21), 1000 grain weight (24.05, 22.55) and grain yield per plant (48.83, 44.23) per cent respectively. The results were in accordance with Kushwah and Singh (1992), Chavan and Nerkar (1994), Singh et al. (2022), Barhate et al. (2023), and Gavali et al. (2024).
Most of the crosses have shown significant heterosis for grain yield which also exhibited notable heterosis for one or more yield contributing traits. That indicates the crosses are not only boosting overall grain yield but are also improving important yield related traits, suggesting good potential for developing high yielding varieties.
CONCLUSION
Therefore, the magnitude of mid parent and better parent heterosis varied considerably for traits studied. Yield is a complex trait influenced by several component characters and holds significant economic importance. Notably, a considerable magnitude of heterosis was observed for yield in crosses viz., DHLB-893B X DHLB-895B, DHLB-10B X DHLB-895B, DHLB-36B X DHLB-895B. These crosses exhibited considerable heterosis for number of effective tillers, earhead length, 1000 grain weight also. Hence these crosses could be exploited on commercial basis. 
Table 1: Partitioning of the variance for the different characters in 7 X 7 half diallel design in pearl millet
	
Sources
	
D.F.
	Days to 50% flowering
	Days to maturity
	Plant height (cm)
	No. of effective tillers/ plant
	Earhead length (cm)
	Earhead girth (cm)
	1000 grain weight(g)
	Grain yield / plant
	Dry fodder yield / plant(g)

	Replication
	2
	3.86
	2.94
	5.19
	0.01
	2.44
	0.03
	1.32
	19.25
	31.47

	Treatment
	27
	10.31**
	14.15**
	2983.71**
	0.14**
	40.20**
	2.65**
	7.47**
	187.91**
	1025.03**

	Parents
	6
	12.42**
	22.63**
	3781.07**
	0.14**
	104.21**
	2.66**
	3.71**
	75.17**
	2797.57**

	Crosses
	20
	7.14*
	9.41**
	1842.63**
	0.04**
	19.54**
	2.65**
	4.07**
	191.49**
	521.53**

	Parents vs
Crosses
	1
	61.01**
	58.09**
	21021.28**
	2.13**
	49.41**
	2.59*
	98.10**
	792.89**
	459.64**

	Error
	54
	3.28
	2.65
	46.69
	0.01
	1.83
	0.56
	0.71
	8.15
	8.19




	
Sr.
No.
	

Crosses
	Days to 50%  flowering
	Days to maturity
	Plant height (cm)

	
	
	MP (%)
	BP (%)
	MP (%)
	BP (%)
	MP (%)
	BP (%)

	1. 
	DHLB-10B X DHLB-14B
	-7.59**
	-8.50**
	-1.19
	-3.47*
	36.48**
	27.43**

	2. 
	DHLB-10B X DHLB-23B
	3.07
	0.67
	-1.37
	-4.55**
	46.55**
	34.55**

	3. 
	DHLB-10B X DHLB-28B
	-4.95
	-5.88*
	1.41
	0.80
	34.13**
	32.75**

	4. 
	DHLB-10B X DHLB-36B
	-5.69*
	-6.00*
	-4.69**
	-7.92**
	23.79**
	13.48**

	5. 
	DHLB-10B X DHLB-893B
	-5.50*
	-8.18**
	-1.37
	-4.55**
	3.83
	-18.31**

	6. 
	DHLB-10B X DHLB-895B
	-2.89
	-6.21*
	0.00
	-4.09**
	27.75**
	0.31

	7. 
	DHLB-14B X DHLB-23B
	0.00
	-3.27
	-1.72
	-2.65
	47.92**
	45.27**

	8. 
	DHLB-14B X DHLB-28B
	-7.84**
	-7.84**
	-2.95*
	-4.63**
	46.68**
	35.65**

	9. 
	DHLB-14B X DHLB-36B
	-3.97
	-5.23
	-3.05*
	-4.15**
	33.78**
	31.18**

	10. 
	DHLB-14B X DHLB-893B
	-5.13*
	-6.92*
	-2.87*
	-3.79*
	26.22**
	4.84

	11. 
	DHLB-14B X DHLB-895B
	-3.18
	-5.59*
	-1.89
	-3.72*
	26.92**
	5.20

	12. 
	DHLB-23B X DHLB-28B
	-1.35
	-4.58
	-0.39
	-3.03
	38.54**
	26.01**

	13. 
	DHLB-23B X DHLB-36B
	4.11
	2.01
	-1.32
	-1.51
	45.95**
	45.70**

	14. 
	DHLB-23B X DHLB-893B
	2.65
	-2.52
	-0.38
	-0.38
	10.15**
	-7.16*

	15. 
	DHLB-23B X DHLB-895B
	-5.26*
	-10.56**
	-5.82**
	-6.69**
	21.92**
	2.55

	16. 
	DHLB-28B X DHLB-36B
	-7.95**
	-9.15**
	-4.85**
	-7.55**
	-5.81
	-14.45**

	17. 
	DHLB-28B X DHLB-893B
	-2.56
	-4.40
	1.17
	-1.52
	25.79**
	-1.77

	18. 
	DHLB-28B X DHLB-895B
	-8.92**
	-11.18**
	-3.66**
	-7.06**
	12.19**
	-12.56**

	19. 
	DHLB-36B X DHLB-893B
	-7.14**
	-10.06**
	-5.10**
	-5.28**
	21.60**
	2.63

	20. 
	DHLB-36B X DHLB-895B
	-4.52
	-8.07**
	-4.12**
	-4.83**
	24.00**
	4.43

	21. 
	DHLB-893B X DHLB-895B
	-5.63*
	-6.21*
	-2.06
	-2.97
	17.37**
	17.06**

	                               CD at 5%                             2.57            2.96              2.31            2.66      
                               CD at 1%                            3.42             3.95              3.07            3.55      
	   9.68
   12.90
	    11.18
    14.89

	             Range (%)
	-8.92 to
4.11
	-11.18 to
2.01
	-5.82 to
1.41
	-7.92 to
0.80
	-5.81 to
47.92
	-18.31 to
45.70

	Number of significant cross combinations in desirable direction
	10
	14
	9
	14
	19
	10


Table 2: Estimates of relative heterosis/ over mid parent (MP) and heterobeltiosis/ over better parent (BP) for days to 50% flowering, days to maturity, plant height in pearl millet






Table 3: Estimates of relative heterosis/ over mid parent (MP) and heterobeltiosis/ over better parent (BP) for number of effective tillers per plant, earhead length and earhead girth in pearl millet
	
Sr.
No.
	

Crosses
	Number of effective tillers per plant
	
   Earhead length (cm)
	
     Earhead girth (cm)

	
	
	MP (%)
	BP (%)
	MP (%)
	BP (%)
	MP (%)
	BP (%)

	1. 
	DHLB-10B X DHLB-14B
	32.73**
	28.07**
	42.62**
	25.59**
	2.18
	-5.96

	2. 
	DHLB-10B X DHLB-23B
	37.74**
	28.07**
	7.19
	-18.02**
	-0.19
	-4.99

	3. 
	DHLB-10B X DHLB-28B
	14.29**
	9.68*
	34.00**
	23.83**
	3.14
	-7.07

	4. 
	DHLB-10B X DHLB-36B
	2.56
	0.00
	11.88*
	-12.98**
	-4.90
	-11.16*

	5. 
	DHLB-10B X DHLB-893B
	6.45
	-1.49
	6.11
	-22.29**
	-7.08
	-9.46*

	6. 
	DHLB-10B X DHLB-895B
	8.94*
	1.52
	27.37**
	-4.00
	4.76
	-2.01

	7. 
	DHLB-14B X DHLB-23B
	37.25**
	32.08**
	20.10**
	1.84
	7.09
	3.35

	8. 
	DHLB-14B X DHLB-28B
	30.43**
	20.97**
	39.99**
	32.81**
	8.33
	5.85

	9. 
	DHLB-14B X DHLB-36B
	23.89**
	16.67**
	0.78
	-12.83**
	-0.51
	-2.10

	10. 
	DHLB-14B X DHLB-893B
	20.00**
	7.46
	7.80
	-13.19**
	1.22
	-4.56

	11. 
	DHLB-14B X DHLB-895B
	17.65**
	6.06
	5.60
	-12.00**
	4.10
	2.31

	12. 
	DHLB-23B X DHLB-28B
	36.94**
	22.58**
	9.61*
	-10.97*
	12.94**
	6.59

	13. 
	DHLB-23B X DHLB-36B
	21.1**
	10.00*
	1.29
	-1.06
	6.67
	4.58

	14. 
	DHLB-23B X DHLB-893B
	15.52**
	0.00
	-10.70**
	-16.17**
	1.57
	-0.85

	15. 
	DHLB-23B X DHLB-895B
	26.96**
	10.61*
	1.37
	-0.76
	13.14**
	11.06

	16. 
	DHLB-28B X DHLB-36B
	11.48**
	9.68*
	-1.23
	-18.27**
	-18.6**
	-21.70**

	17. 
	DHLB-28B X DHLB-893B
	5.43
	1.49
	6.14
	-17.85**
	8.33
	-0.05

	18. 
	DHLB-28B X DHLB-895B
	12.50**
	9.09*
	21.22**
	-3.13
	7.63
	3.39

	19. 
	DHLB-36B X DHLB-893B
	18.11**
	11.94**
	-4.83
	-12.60**
	-0.09
	-4.33

	20. 
	DHLB-36B X DHLB-895B
	14.29**
	9.09*
	12.73**
	7.85
	11.36*
	11.21*

	21. 
	DHLB-893B X DHLB-895B
	9.77**
	8.96*
	3.90
	-0.47
	8.41*
	3.94

	                               CD at 5%                            0.15               0.18              1.92            2.21
                               CD at 1%                            0.20               0.24              2.55            2.95
	    1.06
    1.41
	     1.22
     1.63

	             Range (%)
	2.56 to 37.74
	-1.49 to 32.08
	-10.7 to
42.62
	-22.29 to
32.81
	-18.6 to
13.14
	-21.70 to
11.21

	Number of significant cross combinations in desirable direction
	18
	14
	9
	3
	4
	1




























Table 4: Estimates of relative heterosis/ over mid parent (MP) and heterobeltiosis/ over better parent (BP) for 1000 grain weight, grain yield per plant, dry fodder yield per plant in pearl millet
	
Sr.
No.
	

Crosses
	
1000 grain weight (g)
	
Grain yield/ plant (g)
	
Dry fodder yield / plant (g)

	
	
	MP (%)
	BP (%)
	MP (%)
	BP (%)
	MP (%)
	BP (%)

	1. 
	DHLB-10B X DHLB-14B
	5.29
	-1.62
	30.59**
	20.91**
	51.98**
	42.91**

	2. 
	DHLB-10B X DHLB-23B
	-1.69
	-3.97
	13.04
	-2.80
	58.00**
	45.04**

	3. 
	DHLB-10B X DHLB-28B
	11.33*
	10.66
	-3.55
	-11.69
	42.18**
	38.61**

	4. 
	DHLB-10B X DHLB-36B
	21.09**
	11.04
	0.71
	-7.03
	4.74
	-18.59**

	5. 
	DHLB-10B X DHLB-893B
	28.15**
	14.11*
	-7.67
	-19.32**
	-18.51**
	-44.94**

	6. 
	DHLB-10B X DHLB-895B
	19.57**
	8.44
	58.74**
	42.37**
	-0.03
	-32.12**

	7. 
	DHLB-14B X DHLB-23B
	37.98**
	31.83**
	16.51**
	7.48
	62.75**
	58.62**

	8. 
	DHLB-14B X DHLB-28B
	25.14**
	16.26**
	10.75
	-5.42
	56.78**
	51.07**

	9. 
	DHLB-14B X DHLB-36B
	17.07**
	14.74*
	-1.43
	-1.76
	17.40**
	-4.35

	10. 
	DHLB-14B X DHLB-893B
	22.60**
	16.41*
	18.82**
	11.55
	5.62*
	-26.12**

	11. 
	DHLB-14B X DHLB-895B
	49.00**
	44.31**
	13.87*
	10.00
	24.04**
	-12.77**

	12. 
	DHLB-23B X DHLB-28B
	23.40**
	19.82**
	11.35
	-11.03
	48.76**
	39.84**

	13. 
	DHLB-23B X DHLB-36B
	41.03**
	32.18**
	31.62**
	21.78**
	27.93**
	6.38

	14. 
	DHLB-23B X DHLB-893B
	20.98**
	10.02
	-2.00
	-3.83
	-13.62**
	-38.66**

	15. 
	DHLB-23B X DHLB-895B
	30.08**
	20.55**
	35.39**
	29.07**
	-2.83
	-30.61**

	16. 
	DHLB-28B X DHLB-36B
	12.17*
	2.29
	42.71**
	21.54**
	-21.57**
	-37.9**

	17. 
	DHLB-28B X DHLB-893B
	27.59**
	13.00*
	35.09**
	9.51
	-4.61
	-34.66**

	18. 
	DHLB-28B X DHLB-895B
	29.11**
	16.46**
	25.09**
	3.81
	-14.06**
	-40.83**

	19. 
	DHLB-36B X DHLB-893B
	33.75**
	29.49**
	44.95**
	36.5**
	-16.99**
	-32.19**

	20. 
	DHLB-36B X DHLB-895B
	24.05**
	22.55**
	48.83**
	44.23**
	2.72
	-15.47**

	21. 
	DHLB-893B X DHLB-895B
	19.91**
	17.48*
	65.50**
	60.68**
	-4.56*
	-5.44*

	                               CD at 5%                            1.19               1.38             4.04            4.67
                               CD at 1%                            1.59               1.83             5.39            6.22
	     4.05
     5.40
	    4.68
    6.23

	             Range (%)
	-1.69 to
49
	-3.97 to
44.31
	-7.67 to
65.50
	-19.32 to
60.68
	-18.51 to 62.75
	-44.94 to 58.62

	Number of significant cross combinations in desirable direction
	19
	14
	13
	8
	10
	6






Table 5: Top ranked cross combinations based on the heterosis for grain yield and its attributes in pearl millet
	Relative heterosis (MP)
	Heterobeltiosis (BP)

	Character
	Range
	Best cross combinations
	Sig. crosses in desirable direction
	Range
	Best cross combinations
	Sig. crosses in desirable direction

	Days to 50% flowering
	-8.92 to 4.11
	DHLB-28B X DHLB-895B
DHLB-28B X DHLB-36B
DHLB-14B X DHLB-28B
	10
	-11.18 to 2.01
	DHLB-28B X DHLB-895B
DHLB-23B X DHLB-895B
DHLB-36B X DHLB-893B
	14

	Days to maturity
	-5.82 to 1.41
	DHLB-23B X DHLB-895B
DHLB-36B X DHLB-893B
DHLB-28B X DHLB-36B
	09
	-7.92 to 0.80
	DHLB-10B X DHLB-36B
DHLB-28B X DHLB-36B
DHLB-28B X DHLB-895B
	14

	Plant height (cm)
	-5.81 to 47.92
	DHLB-14B X DHLB-23B
DHLB-14B X DHLB-28B
DHLB-10B X DHLB-23B
	19
	-18.31 to 45.70
	DHLB-23B X DHLB-36B
DHLB-14B X DHLB-23B
DHLB-14B X DHLB-28B
	10

	No. of effective tillers/ plant
	2.56 to 37.74
	DHLB-10B X DHLB-23B
DHLB-14B X DHLB-23B
DHLB-23B X DHLB-28B
	18
	-1.49 to 32.08
	DHLB-14B X DHLB-23B
DHLB-10B X DHLB-14B
DHLB-10B X DHLB-23B
	14

	Earhead length (cm)
	-10.7 to 42.62
	DHLB-10B X DHLB-14B
DHLB-14B X DHLB-28B
DHLB-10B X DHLB-895B
	09
	-22.29 to 32.81
	DHLB-14B X DHLB-28B
DHLB-10B X DHLB-14B
DHLB-10B X DHLB-28B
	03

	Earhead girth (cm)
	-18.6 to 13.14
	DHLB-23B X DHLB-895B
DHLB-23B X DHLB-28B
DHLB-36B X DHLB-895B
	04
	-21.70 to 11.21
	DHLB-36B X DHLB-895B
	01

	1000 grain weight (g)
	-1.69 to 49
	DHLB-14B X DHLB-895B
DHLB-23B X DHLB-36B
DHLB-14B X DHLB-23B
	19
	-3.97 to 44.31
	DHLB-14B X DHLB-895B
DHLB-23B X DHLB-36B
DHLB-14B X DHLB-23B
	14

	Grain yield/ plant (g)
	-7.67 to 65.50
	DHLB-893B X DHLB-895B
DHLB-10B X DHLB-895B
DHLB-36B X DHLB-895B
	13
	-19.32 to 60.68
	DHLB-893B X DHLB-895B
DHLB-36B X DHLB-895B
DHLB-10B X DHLB-895B
	08

	Dry fodder yield/ plant (g)
	-18.51 to 62.75
	DHLB-14B X DHLB-23B
DHLB-10B X DHLB-23B
DHLB-14B X DHLB-28B
	10
	-44.94 to 58.62
	DHLB-14B X DHLB-23B
DHLB-14B X DHLB-28B
DHLB-10B X DHLB-23B
	06



	Cross
	Mean Grain yield per plant (g)
	Heterosis % over
	Significant heterosis in desirable direction to other related characters

	
	MP
	BP
	

	DHLB-893B X DHLB-895B
	55.16
	65.5
	60.68
	DF, PH, ET, TGW, GY

	DHLB-10B X DHLB-895B
	46.03
	58.74
	42.37
	GY

	DHLB-36B X DHLB-893B
	46.86
	44.95
	36.5
	DF, DM, ET, TGW, GY

	DHLB-10B X DHLB-14B
	36.43
	30.59
	20.91
	DF, PH, ET, EL, GY, FY

	DHLB-28B X DHLB-36B
	36.86
	42.71
	21.54
	DF, DM, ET, GY

	DHLB-36B X DHLB-895B
	46.63
	48.83
	44.23
	DM, ET, EG, TGW, GY

	DHLB-23B X DHLB-36B
	43.43
	31.62
	21.78
	PH, ET, TGW, GY

	DHLB-28BX DHLB-893B
	37.60
	35.09
	9.51
	TGW

	DHLB-23B X DHLB-895B
	46.03
	35.39
	29.07
	DF, DM, ET, TGW, GY






Table 6: Best crosses having mean performance and significant heterosis for grain yield and their performance over other traits in pearl millet
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