
Genetic Analysis of Combining Ability in Pearl Millet (Pennisetum glaucum) for Enhanced Yield and Agronomic Traits


ABSTRACT: 
Pearl Millet [ Pennisetum glaucum (L.) R. Br.] is a highly cross-pollinated crop with protogynous flowering and a mainly wind-borne pollination mechanism. As a C4 plant, it demonstrates high photosynthetic efficiency, especially under high temperatures and light intensity. The present investigation was carried out at the Bajra Research Scheme, College of Agriculture, Dhule, Maharashtra, India. The experimental material required for this study was obtained by crossing seven assorted maintainer lines in a 7 X 7 half diallel mating design, excluding reciprocals, resulting in an experimental material comprising twenty-one crosses. These twenty-one crosses, along with their seven diverse parents, were assessed for combining ability with three replications by using a Randomised Block Design during kharif-2024. The ratio of 2GCA to 2SCA was assessed greater than one for earhead length and dry fodder yield per plant, indicating the presence of additive gene action, and for other traits under study revealed the presence of non-additive gene action. The inbreds DHLB-893B and DHLB-895B recorded as good general combiners for six characters each, and DHLB-23B turned out to be best for four characters, attaining high per se performance and showing consistent performance for grain yield and other yield contributing characters, which can be exploited in hybridisation programs for the purpose of generating a high degree of variability. Cross combinations DHLB-36B X DHLB-893B and DHLB-10B X DHLB-14B displayed significant SCA effects in a desirable direction for grain yield, along with five other characters contributing to yield. Cross combination DHLB-10B X DHLB-14B recorded as a specific combiner for grain yield (6.746) along with days to 50% flowering (-2.074), plant height (8.896), number of effective tillers per plant (0.267), earhead length (3.066) and dry fodder yield per plant (6.944). For grain yield, nine crosses were found as specific combiners, and the range of crosses varied between -6.587 (DHLB-10B X DHLB-893B) to 11.92 (DHLB-893B X DHLB-895B). The inclusion of such promising crosses in breeding programs may facilitate the generation of broad genetic variability, thereby providing a valuable resource for future genetic improvement in pearl millet.
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INTRODUCTION
Pearl Millet [ Pennisetum glaucum (L.) R. Br.] holds a significant position within the family Poaceae (Gramineae) and the genus Pennisetum, having a diploid chromosome number 14. It is a highly cross-pollinated crop with protogynous flowering and a mainly wind-borne pollination mechanism. Commonly known as bajra, bajri, cattail millet, spiked millet, and bulrush millet, this crop is highly cross-pollinated and features protogynous flowering with wind-borne pollination (Moghariya et al., 2024).

Modern C4 plants have particular significance on a regional level, providing hardy and resilient food crops in the arid and semiarid tropics due to their ability to withstand high temperatures and erratic rainfall patterns (Sanborn et al., 2021). As a C4 plant, it demonstrates high photosynthetic efficiency, especially under high temperatures and light intensity (Ganesh et al., 2022). It is a highly nutritious cereal with high levels of metabolised energy, protein (9-15%), fat (5%) and mineral matters (2-7%), crude fibre (1.70%), and carbohydrates (65-70%). (Pal et al., 1996). Pearl millet is grown in 36 countries across Africa, with India leading as the largest producer, followed by China, Niger and Nigeria. In India, it occupies an area of approximately 9.50 million hectares with production of some 13.50 million tonnes with an average productivity of 1420 kg/ha.  It is quantitatively the most important millet, with a world annual production of some 15-35 million tonnes (Mt) and the global area under pearl millet cultivation is estimated to be approximately 30 million hectares. In Maharashtra, the total area under pearl millet cultivation is reported to be 5.09 million hectares and the annual production of 6.61 million tonnes, with an average productivity of 1298 kg/ha. (Anonymous, 2023). Genetic diversification of hybrid parental lines remains strategically important to breed diverse, disease-resistant and drought-tolerant hybrids. Resistance to diseases, tolerance to drought, and high temperature and greater contents of iron and zinc are targeted in improving hybrid parental lines (Yadav et al., 2024).
MATERIALS AND METHODS
The experimental material, consisting of seven maintainer lines viz., DHLB-10B, DHLB-14B, DHLB-23B, DHLB-28B, DHLB-36B, DHLB-893B and DHLB-895B, was obtained from Bajra Research Scheme, Dhule, Maharashtra, India. By using a 7 X 7 half diallel mating design excluding reciprocals made the experimental material comprised twenty-one crosses. These twenty-one crosses, along with their seven diverse parents, were planted in a plot of a single row of 4 m length and having row-to-row spacing of 50 cm and plant-to-plant distance of 15 cm, and these twenty-eight genotypes were assessed with three replications by using Randomised 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). The mean values of all the traits were statistically analysed using the analysis of variance technique given by Panse and Sukhatme (1995). Combining ability analysis as per Griffing (1956). 
RESULTS AND DISCUSSION
The analysis of variance highlighted that the mean sum of squares for parents and their crosses was statistically significant across all the traits studied, indicating a sufficient amount of variability among the genotypes.
Combining ability confirmed a highly significant mean sum of squares resulting from GCA and SCA for all nine characters under study. All the traits except earhead length and dry fodder yield per plant have shown the presence of non-additive gene action, while earhead length and dry fodder yield per plant were governed by additive gene action. (Table No.1)
General combining ability effects
[bookmark: _Hlk203657404]Since both GCA and SCA are significant, the selection of good general combiners and heterosis breeding can be effective. Inbreds DHLB-23B, DHLB-36B, DHLB-893B and DHLB-895B were found as good general combiners for grain yield per plant. DHLB-893B and DHLB-895B recorded good general combining ability for five other yield contributing characters like plant height, effective tillers per plant, earhead length, earhead girth and fodder yield per plant. Parent DHLB-23B in particular excelled as a good general combiner for other traits like earhead length, earhead girth and 1000 grain weight and also showed the earliest flowering. The inclusion of such inbreds in breeding programs may induce extensive genetic variation to develop high-yielding, early maturing hybrids/ varieties/ populations of pearl millet. 
GCA effects of inbreds for different characters are presented in Table 2. Among the seven parents, inbred DHLB-10B (-1.524) was found to be a good general combiner for earliness in maturity was also a good general combiner for earhead girth. Similar reports were recorded by  Mainassara (2012), Dutta et al. (2021), Yadav et al. (2022) and Rasitha et al. (2024). Inbreds DHLB-895B (24.179) and DHLB-893B (19.242) were good general combiners for plant height as well as for number of effective tillers (0.072, 0.058), earhead length (2.704, 2.315),  earhead girth (0.305, 0.271), grain yield per plant (2.917, 5.036) and dry fodder yield per plant (13.315, 17.366) respectively. Inbreds DHLB-895B (2.704), DHLB-893B (2.315) and DHLB-23B (1.015) were considered as good general combiners for earhead length. For earhead girth, GCA effects ranged between -0.599 (DHLB-28B) to 0.463 (DHLB-10B). Inbreds DHLB-10B (0.463), DHLB-23B (0.387), DHLB-893B (0.305) and DHLB-895B (0.271) were found with good general combining ability for earhead girth. For 1000 grain weight, DHLB-28B (0.635) and DHLB-23B (0.508) performed as good general combiners. The GCA estimates for grain yield per plant ranged between -5.416 (DHLB-28B) to 5.036 (DHLB-895B). Inbreds DHLB-895B (5.036), DHLB-893B (2.917), DHLB-23B (1.943) and DHLB-36B (1.125) were considered as good general combiners. In case of dry fodder yield per plant, two inbreds DHLB-895B (17.366) and DHLB-893B (13.315) have exhibited significantly positive GCA effects and performed as good general combiners. These results were in accordance with Shanmuganathan et al. (2005), Mungra et al. (2014) and Yadav et al. (2022).
Specific combining ability effects
SCA estimates for all the characters are presented in Table 3. Cross combinations displaying significant negative SCA effects were considered as specific combiners for days to flowering and days to maturity. Four cross combinations, viz., DHLB-23B X DHLB-895B (-2.222), DHLB-28B X DHLB-895B (-2.148), DHLB-10B X DHLB-14B (-2.074) and DHLB-36B X DHLB-893B (-2.037) found as specific combiners for days to flowering. Crosses DHLB-23B X DHLB-895B (-3.491), DHLB-36B X DHLB-893B (-2.343), DHLB-10B X DHLB-36B (-2.194) and DHLB-28B X DHLB-36B (-2.157) were specific combiners for earliness in maturity. The results were in agreement with findings of Joshi et al. (2001), Shelke and Chavan (2007), Mainassara (2012), Dutta et al. (2021) and Yadav et al (2022). For other yield and yield contributing traits, significant positive effects are considered. Cross DHLB-893B X DHLB-895B (11.92) showed the highest SCA effect for grain yield. Cross DHLB-36B X DHLB-893B showed high SCA effects for grain yield (7.531) along with days to 50% flowering (-2.037), days to maturity (-2.343), plant height (15.115), number of effective tillers per plant (0.226), and 1000 grain weight (1.279). Cross combination DHLB-10B X DHLB-14B also recorded as a specific combiner for grain yield (6.746) along with days to 50% flowering (-2.074), plant height (8.896), number of effective tillers per plant (0.267), earhead length (3.066) and dry fodder yield per plant (6.944). For grain yield, nine crosses were found as specific combiners, and the range of crosses varied between -6.587 (DHLB-10B X DHLB-893B) to 11.92 (DHLB-893B X DHLB-895B). Similar results have also been reported by Yadav et al (2022), Barhate et al. (2023), Gavali et al. (2024) and Rasitha et al. (2024). DHLB-10B X DHLB-23B recorded the highest SCA effects for the number of effective tillers per plant (0.315); as a consequence of this, it also showed the highest SCA effects for dry fodder yield per plant (13.096). These results were in accordance with Shanmuganathan et al. (2005), Mungra et al. (2014) and Yadav et al. (2022).
CONCLUSION
The present study revealed the good general combining ability of inbreds DHLB-23B for four traits and DHLB-893B and DHLB-895B for six characters each, with grain yield per plant. This gives rise to the idea that the selection of these inbreds with high concentrations of genes of related traits as parents in future breeding programs will be of significant relevance to generate wide genetic variability. Cross combination DHLB-36B X DHLB-893B displayed significant SCA effects in a desirable direction for grain yield, along with five other characters. Cross DHLB-10B X DHLB-14B has shown significant SCA effects for days to 50 per cent flowering, plant height, number of effective tillers per plant, earhead length, grain yield and dry fodder yield per plant. The inclusion of such promising crosses in breeding programs may facilitate the generation of broad genetic variability, thereby providing a valuable resource for future genetic improvement 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 (g)
	Dry fodder yield/ plant (g)

	GCA
	6
	4.51**
	10.27**
	2560.36**
	0.03**
	43.75**
	1.87**
	1.78**
	129.70**
	1142.83**

	SCA
	21
	3.13**
	3.13**
	547.20**
	0.05**
	4.73**
	0.60**
	2.69**
	43.47**
	112.77**

	Error
	54
	1.09
	0.88
	15.56
	0.004
	0.61
	0.18
	0.23
	2.71
	2.73

	2GCA
	-
	0.38
	1.04
	282.75
	0.003
	4.79
	0.18
	0.17
	14.10
	126.67

	2SCA
	-
	2.03
	2.24
	531.63
	0.051
	4.11
	0.41
	2.45
	40.75
	110.04

	2GCA/ 2SCA
	-
	0.187
	0.46
	0.53
	0.056
	1.16
	0.45
	0.06
	0.34
	1.15


Table 1: Analysis of variance for combining ability
 
Table 2:  The estimates of general combining ability effects for different characters in pearl millet
	Sr. No.
	
     Parents 
	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 (g)
	Dry fodder yield/ plant (g)

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1
	DHLB-10B
	-0.45
	-1.524**
	-16.651**
	-0.068**
	-3.067**
	0.463**
	-0.018
	-3.923**
	-10.951**

	2
	DHLB-14B
	-0.19
	-0.153
	-0.036
	-0.013
	-1.107**
	-0.322*
	0.004
	-1.683**
	-2.547**

	3
	DHLB-23B
	-0.116
	0.921**
	1.016
	-0.061**
	1.015**
	0.387**
	0.508**
	1.943**
	-4.502**

	4
	DHLB-28B
	-0.524
	-1.228
	-20.536**
	0.043*
	-2.177**
	-0.599**
	0.635**
	-5.416**
	-11.629**

	5
	DHLB-36B
	-0.709*
	-0.079
	-7.214**
	-0.031
	0.316
	-0.504**
	-0.319*
	1.125*
	-1.052*

	6
	DHLB-893B
	1.032**
	0.958**
	19.242**
	0.058**
	2.315**
	0.305*
	-0.623**
	2.917**
	13.315**

	7
	DHLB-895B
	0.958**
	1.106**
	24.179**
	0.072**
	2.704**
	0.271*
	-0.187
	5.036**
	17.366**

	
	SE
	0.323
	0.290
	1.217
	0.019
	0.241
	0.133
	0.150
	0.508
	0.509

	
	CD at 5%
	0.647
	0.582
	2.441
	0.039
	0.484
	0.267
	0.301
	1.020
	1.022

	
	CD at 1%
	0.862
	0.775
	3.250
	0.052
	0.644
	0.356
	0.401
	1.358
	1.361


Table 3: The estimates of SCA effects for different characters in pearl millet.
	Sr. No.
	Genotypes
	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 (g)
	Dry fodder yield/ plant (g)

	1
	DHLB-10B X  DHLB-14B
	-2.074*
	-0.12
	8.896*
	0.267**
	3.066**
	0.256
	-0.796
	6.746**
	6.944**

	2
	DHLB-10B X DHLB-23B
	1.519
	-0.528
	23.078**
	0.315**
	-0.412
	-0.316
	-1.58**
	1.354
	13.096**

	3
	DHLB-10B X DHLB-28B
	-0.407
	1.62
	13.963**
	0.044
	1.613*
	0.377
	0.199
	-3.287*
	9.914**

	4
	DHLB-10B X DHLB-36B
	-1.222
	-2.194*
	4.341
	-0.148*
	0.534
	-0.295
	1.037*
	-4.294**
	-0.328

	5
	DHLB-10B X DHLB-893B
	-1.296
	-0.565
	-15.348**
	-0.037
	-0.062
	-0.864*
	1.708**
	-6.587**
	-11.001**

	6
	DHLB-10B X DHLB-895B
	0.444
	1.287
	16.215**
	-0.019
	2.469**
	0.22
	0.595
	9.628**
	-2.742

	7
	DHLB-14B X DHLB-23B
	0.259
	-0.231
	20.43**
	0.159**
	2.605**
	0.243
	1.938**
	2.78
	10.768**

	8
	DHLB-14B X DHLB-28B
	-1.667
	-1.417
	23.115**
	0.222**
	3.436**
	0.606
	0.854
	0.306
	11.086**

	9
	DHLB-14B X DHLB-36B
	-0.148
	-0.231
	10.859**
	0.13*
	-1.389
	-0.05
	-0.342
	-4.935**
	0.878

	10
	DHLB-14B X DHLB-893B
	-0.889
	-1.269
	12.137**
	0.107
	0.578
	-0.075
	0.136
	1.772
	0.625

	11
	DHLB-14B X DHLB-895B
	0.519
	0.25
	8.933*
	0.026
	-1.584*
	-0.251
	2.59**
	-3.08*
	9.067**

	12
	DHLB-23B X DHLB-28B
	-0.074
	0.509
	15.83**
	0.304**
	0.465
	0.933*
	0.78
	-0.087
	11.448**

	13
	DHLB-23B X DHLB-36B
	2.111*
	1.028
	28.807**
	0.044
	0.456
	0.581
	2.301**
	5.072**
	10.074**

	14
	DHLB-23B X DHLB-893B
	1.37
	0.657
	-11.715**
	-0.011
	-2.397**
	-0.288
	0.085
	-5.854**
	-10.766**

	15
	DHLB-23B X DHLB-895B
	-2.222*
	-3.491**
	2.815
	0.174**
	-0.766
	0.633
	0.846
	3.761*
	-7.614**

	16
	DHLB-28B X DHLB-36B
	-1.815
	-2.157*
	-28.307**
	0.007
	-1.619*
	-2.173**
	-0.51
	5.865**
	-12.669**

	17
	DHLB-28B X DHLB-893B
	0.778
	1.806*
	20.07**
	-0.081
	0.314
	0.805*
	1.088*
	4.806**
	0.615

	18
	DHLB-28B X DHLB-895B
	-2.148*
	-1.676
	-4.5
	0.037
	1.805*
	0.159
	1.069*
	-1.346
	-11.17**

	19
	DHLB-36B X DHLB-893B
	-2.037*
	-2.343**
	15.115**
	0.226**
	-0.678
	0.136
	1.279**
	7.531**
	-7.333**

	20
	DHLB-36B X DHLB-895B
	-0.296
	-0.824
	14.644**
	0.111
	2.186**
	1.024*
	0.153
	5.18**
	4.745**

	21
	DHLB-893B X DHLB-895B
	-1.037
	-0.194
	12.322**
	0.056
	0.4
	0.469
	-0.329
	11.92**
	2.726

	
	SE
	0.939
	0.844
	3.540
	0.056
	0.702
	0.388
	0.437
	1.48
	1.483

	
	CD at 5%
	1.884
	1.693
	7.099
	0.114
	1.408
	0.779
	0.876
	2.967
	2.973

	
	CD at 1%
	2.509
	2.255
	9.454
	0.149
	1.875
	1.037
	1.167
	3.951
	3.960



       Table 4: Best performing crosses based on SCA effects for grain yield and yield   contributing characters in pearl millet
	Character
	No. of crosses having significant SCA effect in the desirable direction
	Best performing crosses

	Days to 50% flowering
	4
	DHLB-23B X DHLB-895B,
DHLB-28B X DHLB-895B,
DHLB-10B X DHLB-14B

	Days to maturity
	4
	DHLB-23B X DHLB-895B,
DHLB-36B X DHLB-893B,
DHLB-10B X DHLB-36B

	Plant height (cm)
	15
	DHLB-23B X DHLB-36B,
DHLB-14B X DHLB-28B,
DHLB-10B X DHLB-23B

	No. of effective tillers/ plant
	8
	DHLB-10B X DHLB-23B,
DHLB-23B X DHLB-28B,
DHLB-10B X DHLB-14B

	Earhead length (cm)
	7
	DHLB-14B X DHLB-28B,
DHLB-10B X DHLB-14B,
DHLB-14B X DHLB-23B

	Earhead girth (cm)
	3
	DHLB-36B X DHLB-895B,
DHLB-23B X DHLB-28B,
DHLB-28B X DHLB-893B

	1000 grain weight (g)
	8
	DHLB-14B X DHLB-895B,
DHLB-23B X DHLB-36B,
DHLB-14B X DHLB-23B

	Grain yield/ plant (g)
	9
	DHLB-893B X DHLB-895B,
DHLB-10B X DHLB-895B,
DHLB-36B X DHLB-893B

	Dry fodder yield/ plant (g)
	9
	DHLB-10B X DHLB-23B,
DHLB-23B X DHLB-28B,
DHLB-14B X DHLB-28B


















Table 5: Cross combinations with significant SCA effects for grain yield and their performance for other traits in pearl millet
	Cross
	Mean Grain yield per plant (g)
	SCA effect
	GCA effect
	Significant SCA effects in desirable direction to related character

	
	
	
	P1
	P2
	

	DHLB-893B X DHLB-895B
	55.16
	11.92**
	G
	G
	PH, GY

	DHLB-10B X DHLB-895B
	46.03
	9.628**
	P
	G
	PH, EL, GY

	DHLB-36B X DHLB-893B
	46.86
	7.531**
	G
	G
	DF, DM, PH, ET, TGW GY

	DHLB-10B X DHLB-14B
	36.43
	6.746**
	P
	P
	DF, PH, ET, EL, GY, FY

	DHLB-28B X DHLB-36B
	36.86
	5.865**
	P
	G
	DM, GY

	DHLB-36B X DHLB-895B
	46.63
	5.18**
	G
	G
	PH, EL, EG, GY, FY

	DHLB-23B X DHLB-36B
	43.43
	5.072**
	G
	G
	PH, TGW, GY, FY

	DHLB-28B X DHLB-893B
	37.60
	4.806**
	P
	G
	PH, EG, TGW, GY

	DHLB-23B X DHLB-895B
	46.03
	3.761*
	G
	G
	DF, DM, ET, GY


G: Good, P: Poor, DF: Days to 50% flowering,  DM: Days to maturity, PH: Plant height (cm),  ET: Number of effective tillers per plant,  EL: Earhead length (cm), EG: Earhead girth (cm), TGW: 1000 grain weight (g), GY: Grain yield per plant (g), FY: Dry fodder yield per plant (g)
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