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Combining ability analysis for grain yield and its attributing traits in Pearl millet [Pennisetum glaucum (L.) R. Br.)]

 

Abstract	Comment by MyHp: The study can be published with the support of comments and current literature carried out under very good field conditions.

The experimental material comprised of sixty genotypes consisting of five CMS lines and nine restorers as tester lines crossed in line × tester mating design. The resultant forty five hybrids along with their fourteen parents and standard check (GHB 1129) were evaluated in randomized block design at Ketanbhai Patel Farm Village Ishanpur Mota, Ta & Dist. Gandhinagar, Gujarat during, summer2024. The analysis of variance for combining ability revealed that the mean square observed due to female were significant for all the characters except seed setting. Whereas, mean square observed due to male were for significant for all the characters. The mean square due to line × tester interaction were significant for all the characters which indicate that experimental material possessed considerable variability and that gca and sca were involved in the genetic control of various traits. The ratio of σ2gca / σ2sca was less than unity for all the characters. This indicates that the non-additive component genetic variance was predominantly involved in the expression of yield. Among the parents, None of the parent was good general combiners for all the characters. Among females, The female 37 A was good combiner for grain yield per plant, number of effective tiller per plant, days to 50% flowering, days to maturity and plant height. ICMA 14222 was good combiner for grain yield per plant, test weight, days to 50% flowering and days to maturity. Among the male parent ICMR 17333 was good general combiner for grain yield per plant, seed setting, test weight, earhead girth, days to 50% flowering and days to maturity. The ICMR 11666 and ICMR 0911 expressed good general combining ability for grain yield per plant, earhead girth and earhead length. The top hybrid having high sca effect for yield ICMA 15666 x HBL-11 R exhibited significant sca effects in desired direction for grain yield per plant, days to 50% flowering, days to maturity and earhead length. The second hybrid ICMA 21999 x ICMR 09777 has significant sca effects in desired direction for  grain yield per plant, plant height, earhead length, earhead girth and test weight.
Keywords: Pearl millet, LxT mating design, GCA, SCA.




INTRODUCTION	Comment by MyHp: Authors should cite recent references between 2020-2025 from JCR journals (with impact factor)

Pearl millet, commonly known as bulrush millet (Pennisetum glaucum (L.) R. Br.), also classified as P. typhoides, P. americanum, or P. spicatum, is a cultivated, small-grain, tropical cereal grass. Vernacular names include: “bajra” (India), “gero” (Nigeria, Hausa language), “hegni” (Niger, Djerma language), “sanyo” (Mali), “dukhon” (Sudan, Arabic), and “mahangu” (Namibia). Pearl millet is quantitatively the most important millet, with world annual production ∼14 million tons (Mt). It is cultivated mainly in the semiarid tropics, almost exclusively by subsistence and small-scale commercial farmers.
Pearl millet is a diploid (2n = 2x = 14), warm-season C4 annual cereal crop grown in West Africa and on the Indian subcontinent for food and forage. Pearl millet accounts for more than half of the total worldwide production of all millets. It is the sixth most important cereal crop in the world, next to maize (Zea mays L.), rice (Oryza sativa L.), wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), and sorghum [Sorghum bicolor (L.) Moench]. It is the most drought tolerant of all domesticated cereals (Govindaraj et al. 2010). It is commonly grown in the hottest and driest regions where other cereals are likely to fail because of drought, high temperature stress, and poor soil conditions. Thus, it is a principal staple crop for >90 million people across the Sahel of Africa and the fringes of the Thar Desert in India (Gulia et al. 2007). 
Pearl millet is also grown as a forage and cover crop on some limited areas in the United States. It has been reported to provide good-quality, high-yielding summer grazing forage (Burton and Fortson, 1966). It has potential as a grain crop for drought-prone areas and poor soil conditions because of its good water and nutrient-use efficiency when compared with other crops, like sorghum or maize (Muchow 1988; Maman et al. 2006). Consumer preferences for gluten-free food products and the demand for millet flour by some African and Asian immigrant communities has been reported to enhance the market for pearl millet grain in the United States (Gulia et al. 2007).	
Pearl millet being a highly cross-pollinated crop with outcrossing rates being more than 85-% and displaying a high degree of heterosis for grain and Stover yields, attempts were made to exploit heterosis in the 1950s utilizing the protogynous nature of flowering of this crop. The usual method at that time for production of hybrid seeds was growing the parental lines in mixture and allowing them to cross-pollinate. The resultant seed contained approximately 40-% hybrid seed when the two parental lines had synchronous flowering at about same time. These chance hybrids thus produced out yielded local varieties by 10–15-%.  However, they could not become popular due to their limited yield advantage over OPVs, narrow range of adaptation and lack of seed production programmes.
The breeding methods of pearl millet are fundamentally those which are largely adapted for cross pollinated crops. Its genetic improvement has been carried out through conventional breeding procedures. For developing composites, synthetics and hybrids, methods of breeding like hybridization followed by selection is important. Use of cytoplasmic genetic male sterility and techniques of population improvement along with modern biotechnological techniques have provided a great scope for genetic up-gradation in this crop.
The combining ability studies provide useful information regarding the selection of suitable parents for effective hybridization programme and at the same time elucidates the nature and magnitude of gene action. Since, the nature of gene action varies with genetic architecture of population involved in hybridization, it is necessary to evaluate the parents for their combining ability.
The line × tester mating design developed by Kempthorne (1957) helps in evaluating the potential of new hybrids with their parents, analysis of polygenic inheritance, which estimates total genetic variance in two principal components, additive and non-additive. Thus, it helps in identifying superior parents and crosses, for the success of breeding programme.


MATERIAL AND METHODS	Comment by MyHp: Write the latitude and longitude of the trial area in international publications

The present investigation on “Genetic analysis in pearl millet (Pennisetum glaucum (L.) R. Br.) using Line X tester matting design” was carried out at Ketanbhai Patel Farm Village Ishanpur Mota, Ta & Dist. Gandhinagar, Gujarat. The experimental material consisted of five CMS lines as female parent and Nine restorer lines as male parent (Table 1). The parents crossed in line × tester mating design during Kharif season of 2023 at Ketanbhai Patel Farm Village Ishanpur Mota, Ta & Dist. Gandhinagar, Gujarat. The replication wise mean values were used for statistical analysis.

Table 1: List of parental lines and their source that selected for present investigation
	Sr. No.
	Lines (Females)
	Source
	Sr. No.
	Testers (Male)
	Source

	1
	7 A
	H.A.U., Hissar
	1
	HBL 11 R
	H.A.U., Hissar

	2
	37 A
	H.A.U., Hissar
	2
	AC 04/B R
	H.A.U., Hissar

	3
	ICMA 14222
	ICRISAT, Hyderabad
	3
	ICMR 09111
	ICRISAT, Hyderabad

	4
	ICMA 15666
	ICRISAT, Hyderabad
	4
	ICMR 09777
	ICRISAT, Hyderabad

	5
	ICMA 21999
	ICRISAT, Hyderabad
	5
	ICMR 11111
	ICRISAT, Hyderabad

	
	
	
	6
	ICMR 11666
	ICRISAT, Hyderabad

	
	
	
	7
	ICMR 17333
	ICRISAT, Hyderabad

	
	
	
	8
	ICMR 08222
	ICRISAT, Hyderabad

	
	
	
	9
	ICMR 12777
	ICRISAT, Hyderabad



A set of 60 genotypes comprising of fourteen parents and their 45 F1 hybrids along with standard check GHB-1129 were sown in Randomized Block Design (RBD) with three replications, during Summer 2024. Each entry sown in 4 m length row with 45 cm × 15 cm spacing. The recommended agronomical practices and plant protection measures were adopted as per requirement.
Five plants were randomly selected and tagged from each net plot of parents and F1’s in all the replications to record the periodical observations. Recording the various observations like, Days to 50 % flowering, Days to maturity, Plant height (cm), Number of effective tiller per plant, Earhead length (cm), Ear head girth (mm), Test weight (g), Grain yield per plant (g) and Seed setting (%).
The replication wise mean values of each entry for the various traits were analysed using Randomized Block Design (RBD) as suggested by Sukhatme and Ambe (1985). The averaged mean values of the different traits was subjected to statistical analysis to test the significance of variation for the experiment conducted under the RBD field design as per model of Panse and Sukhatme (1985). When the data were found significant for a given character in randomized block design, it was subjected to combining ability analysis according to the procedure given by Kempthorne (1957).	Comment by MyHp: ADD LATEST REFERENCES

RESULTS AND DISCUSSION	Comment by MyHp: The study is very nice. There is a lack of comments and literature made under field conditions.

COMBINING ABILITY
The analysis of variance for combining ability by partitioning the total genetic variance into general combining ability representing additive type of gene action and specific combining ability representing non additive type of gene action was carried out for nine characters and presented in table. It exhibited that the mean square observed due to female were significant for all the characters except seed setting. Whereas, mean square observed due to male were for significant for all the characters. The mean square due to line × tester interaction were significant for all the characters which indicate that experimental material possessed considerable variability and that gca and sca were involved in the genetic control of various traits.
The ratio of σ2gca / σ2sca was less than unity for all the characters. This indicates that the non-additive component genetic variance was predominantly involved in the expression of yield. This result close agreement to Ladumor et. at. (2018b) and Solanki     et. al. (2017).
Earliness being desirable characters for the days to 50% flowering and days to maturity. Out of 9 male parents, ICMR 09777 (-1.12) and ICMR 17333 (-0.65) were good general combining parents, as they recorded highly significant negative general combining ability effects. Same was found by Gavali et. at. (2018). Out of 45 crosses, ten crosses showed significant negative combining ability effects for this trait. A critical examination of general combing ability effects presented in table for plant height revealed that the male ICMR 0911 (-3.70), ICMR 11111 (-4.30) and the female 7 A (-9.26), 37 A (-7.90) and ICMA 21999 (-6.30) were found to be good combiner for plant height as they displayed negative significant general combining ability effects and thus possessed desirable genes for dwarfism. Among 45 hybrids, sixteen hybrids showed significant negative specific combining ability effects for this trait. The highest gca effects in the desired direction was recorded by males ICMR 09777 (0.45), HBL-11 R (0.37), ICMR 12777 (0.39) and female 37 A (0.0.97) and ICMA 14222 (0.51) good general combiner for number of effective tiller per plant, as they recorded significant positive general combining ability effects. Same result observed by Nandaniya et. al. (2016). The hybrid 37 A x AC 04/13 R (2.83) expressed highest value for number of effective tillers per plant followed by ICMA 14222 x HBL-11 R (2.04).
An estimates of general combining ability effects revealed that the male ICMR 0911 (2.80), ICMR 12777 (2.06), ICMR 08222 (2.03) and ICMR 11666 (1.09) are showed significant positive general combining ability and were found to be good general combiners for imparting long earhead length. Same result observed by Patel et. al. (2018). The result on sca effects indicated that eighteen hybrids exhibited significant positive specific combining ability effects. On the basis of specific combining ability effects, hybrids ICMA 14222 x ICMR 11111 (6.99) followed by ICMA 21999 x AC 04/13 R (4.99) for earhead length. A study of the estimates of general combining ability effects indicated that males ICMR 0911 (2.13), ICMR 11111 (1.06), ICMR 11666 (1.45), ICMR 17333 (1.20), ICMR 08222 (0.79) and females ICMA 15666 (3.45) and ICMA 21999 (2.37) showed significant positive general combining ability effect and hence were spotted out to be good combiners for earhead girth. The highest significant positive specific combining ability effects was exhibited by hybrid 7 A x ICMR 0911 (7.12) followed by 37 A x ICMR 12777 (4.52) for earhead girth. A critical examination on the gca effects revealed that among fourteen parents, Four males viz., ICMR 11666 (0.1.22), ICMR 12777 (1.10) and ICMR 17333 (0.45) exhibited highly significant general combining ability effect for test weight. Therefore, these were good combiner for this trait. Whereas, the female ICMA 14222 (0.1.43) exhibited highly significant positive general combining ability effects therefore which has more favorable genes for test weight. The highest significant positive specific combining ability effects was exhibited by hybrid 7 A x ICMR 08222 (2.40) followed by ICMA 21999 x ICMR 12777 (2.02) for test weight.	Comment by MyHp: It would be appropriate to define abbreviations in parentheses for a more understandable study.

The data revealed that only four male ICMR 0911 (16.99), HBL-11 R (5.83), ICMR 08222 (2.52), ICMR 17333 (2.09) and females ICMA 14222 (8.65) and 37 A (0.54) has expressed highly significant positive general combining ability effects and hence were good general combiners for increasing grain yield. Out of 45 hybrids, nineteen and twenty two hybrids registered significant positive and negative sca effects for grain yield per plant. Similar result found by Madane et. al. (2023) and Barathi et. al. (2020). The highest significant positive specific combining ability effects was exhibited by hybrid ICMA 15666 x HBL-11 R (30.66) followed by ICMA 21999 x ICMR 09777 (28.44) for grain yield per plant. Only two males viz., ICMR 0911 (2.65) and ICMR 17333 (1.65) exhibited highly significant general combining ability effect for seed setting per cent. Therefore, these were good combiner for this trait. Whereas, none of the females exhibited significant positive general combining ability effects. Out of 45 hybrids, ten crosses exhibited positive significant specific combining ability effects. The highest significant positive specific combining ability effects was exhibited by hybrid ICMA 14222 x AC 04/13 R (5.77) followed by 7 A x ICMR 12777 (5.53).
The female 37 A was good combiner for grain yield per plant, number of effective tiller per plant, days to 50% flowering, days to maturity and plant height. Among the female parents, ICMA 14222 was good combiner for grain yield per plant, test weight, days to 50% flowering and days to maturity. Among the male parent ICMR 17333 was good general combiner for grain yield per plant, seed setting, test weight, earhead girth, days to 50% flowering and days to maturity.
The ICMR 11666 expressed good general combining ability for grain yield per plant, test weight, earhead girth and earhead length. The ICMR 0911 was good combiner for grain yield per plant, earhead length, earhead girth, seed setting and plant height. It is here noted that among the fourteen parents only two parents ICMR 0911 and ICMR 17333 were good general combiner for seed set.
The top hybrid having high sca effect for yield ICMA 15666 x HBL-11 R exhibited significant sca effects in desired direction for grain yield per plant, days to 50% flowering, days to maturity and earhead length. This hybrid also recorded significant heterosis (in desired direction) over standard check for earhead length, earhead girth and grain yield per plant. The second ICMA 21999 x ICMR 09777 has significant sca effects in desired direction for  grain yield per plant, plant height, earhead length, earhead girth and test weight. This hybrid also recorded significant heterosis (in desired direction) over standard check for earhead length, earhead girth and grain yield per plant. 	Comment by MyHp: It would be appropriate to define abbreviations in parentheses for a more understandable study.

The third hybrid having high sca effect for yield ICMA 15666 x ICMR 11666 registered significant sca effects in desired direction for grain yield per plant, number of effective tiller per plant, earhead length and earhead girth. It is also recorded significant standard heterosis for earhead length, earhead girth and grain yield per plant. The last hybrid having high sca effect for yield 37 A x AC 04/13 R registered significant sca effects in desired direction for grain yield per plant, days to 50% flowering, days to maturity, plant height and number of effective tiller per plant. It is also recorded significant standard heterosis for plant height, number of effective tiller per plant and grain yield per plant.

SUMMARY AND CONCLUSION
Analysis of variance for experimental design revealed that mean squares due to genotypes were significant for all the characters, which revealed an existence of sufficient genetic variability present in the experimental material for all the character under study. The mean squares due to parents vs. hybrids were significant for all characters except for days to 50% flowering, days to maturity, number of effective tiller per plant and seed setting indicating that the presence of mean heterosis for all these characters. . Furthermore, the splitting of parents into females, were highly significant for   all   the characters except days to 50% flowering, days to maturity and seed setting. While in case of males were highly significant for all the characters. This indicated that existence of considerable amount of variability in females and males.
The estimate of variance due to gca and sca (σ2gca/σ2sca) revealed that non additive gene action were involved in the inheritance of all the characters  under study. Under such situation, genetic variability resulting from diverse parents exhibited high heterosis under such situation this indicated that heterosis breeding is rewarding. Analysis of variance for combining ability exhibited that the mean square observed due to female were significant for all the characters except seed setting. Whereas, mean square observed due to male were for significant for all the characters. The mean square due to line × tester interaction were significant for all the characters which indicate that experimental material possessed considerable variability and that gca and sca were involved in the genetic control of various traits.
	None of the parent was good general combiners for all the characters. Among females, The female 37 A was good combiner for grain yield per plant, number of effective tiller per plant, days to 50% flowering, days to maturity and plant height. ICMA 14222 was good combiner for grain yield per plant, test weight, days to 50% flowering and days to maturity. Among the male parent ICMR 17333 was good general combiner for grain yield per plant, seed setting, test weight, earhead girth, days to 50% flowering and days to maturity. The ICMR 11666 and ICMR 0911 expressed good general combining ability for grain yield per plant, earhead girth and earhead length. 
 The results of specific combining ability effects revealed that the crosses, ICMA 15666 x HBL-11 R, ICMA 21999 x ICMR 09777, ICMA 15666 x ICMR 11666  and 37 A x AC 04/13 R registered high significant positive specific combining ability effects for grain yield per plant. The top hybrid having high sca effect for yield ICMA 15666 x HBL-11 R exhibited significant sca effects in desired direction for grain yield per plant, days to 50% flowering, days to maturity and earhead length. The second hybrid ICMA 21999 x ICMR 09777 has significant sca effects in desired direction for  grain yield per plant, plant height, earhead length, earhead girth and test weight.
Even though the line 37 A and tester ICMR 11666 were identified as good combiner for some yield contributing traits. Hybrids ICMA 15666 x HBL-11 R, ICMA 21999 x ICMR 09777, ICMA 15666 x ICMR 11666  and 37 A x AC 04/13 R have good genetic architecture on the basis of SCA effects and are important to use that in further breeding programme to enhance the CGMS effectivity.
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Table 2 : Analysis of variance (Mean square) for combining ability, and estimates of components of variance for various characters  in pearl millet
	Source of variation
	d.f.
	Days to 50 % flowering	Comment by MyHp: Flowering (days)
The number of days to flowering should be given

	Days to maturity	Comment by MyHp: Maturity (days)
The number of days of maturation should be given

	Plant height
(cm)
	Number of effective tiller per plant
	Earhead length
(cm)
	Earhead girth
(mm)
	Test weight
(g)
	Grain yield per plant
(g)
	Seed setting 
(%)

	Replication
	2
	9.63**
	9.63**
	1867.20**
	1.54**
	0.20
	4.92
	0.43*
	78.36**
	54.58**

	Female
	4
	43.25**
	43.23**
	3694.27**
	16.83**
	117.80**
	246.79**
	19.03**
	720.79**
	3.58

	Male
	8
	7.26**
	7.26**
	103.31**
	3.00**
	67.11**
	45.44**
	10.40**
	1021.39**
	40.66**

	Female × males
	32
	10.22**
	10.22**
	723.82**
	5.51**
	32.32**
	25.25**
	6.60**
	793.75**
	47.16**

	Error
	88
	1.14
	1.14
	5.86
	0.26
	0.60
	1.67
	0.09
	0.23
	7.71

	σ2 Females
	1.22**
	1.22**
	110.02**
	0.42*
	3.17*
	8.21**
	0.46*
	-2.70
	-1.61

	σ2 Males
	-0.20
	-0.20
	-41.37
	-0.17
	2.32
	1.35
	0.25
	15.18
	-0.43

	σ2 gca
	0.72
	0.72
	55.98
	0.21
	2.86
	5.75*
	0.39
	3.68
	-1.19

	σ2 sca
	3.03**
	3.03**
	239.30**
	1.75**
	10.57**
	7.86**
	2.17**
	264.51**
	13.15**

	σ2 gca/ σ2 sca
	0.24
	0.24
	0.23
	0.12
	0.27
	0.73
	0.18
	0.01
	-0.09


* and** significant at P = 0.05 and P = 0.01 levels, respectively.








Table 3: Estimation of general combining ability(gca) effects of parents for various characters in pearl millet

	Lines
	Parents
	Days to 50 % flowering	Comment by MyHp: (days)

	Days to maturity	Comment by MyHp: (days)

	Plant height
(cm)
	Number of effective tiller per plant
	Earhead length
(cm)
	Earhead girth
(mm)
	Test weight
(g)
	Grain yield per plant
(g)
	Seed setting 
(%)

	
	 7  A
	0.27
	0.27
	-9.26**
	0.10
	0.35*
	-3.81**
	-0.46**
	-3.74**
	0.40

	
	37 A
	-1.21**
	-1.21**
	-7.90**
	0.97**
	-2.89**
	-2.12**
	-0.31**
	0.54**
	-0.23

	
	ICMA 14222
	-1.36**
	-1.36**
	5.23**
	0.51**
	-1.03**
	0.11
	1.43**
	8.65**
	0.36

	
	ICMA 15666
	0.75**
	0.75**
	18.23**
	-0.79**
	2.66**
	3.45**
	0.03
	-1.54**
	-0.41

	
	ICMA 21999
	1.56**
	1.56**
	-6.30**
	-0.80**
	0.91**
	2.37**
	-0.68**
	-3.91**
	-0.12

	S.Em. ±
	0.16
	0.16
	0.36
	0.08
	0.12
	0.19
	0.05
	0.07
	0.42

	Testers
	HBL-11 R
	0.41
	0.41
	-1.06
	0.37**
	-1.27**
	-1.57**
	-0.82**
	5.83**
	0.79

	
	AC 04/13 R
	0.41
	0.41
	2.88**
	-0.01
	-3.35**
	-2.69**
	-0.81**
	-7.45**
	-0.88

	
	ICMR 0911
	0.08
	0.08
	-3.70**
	-0.07
	2.80**
	2.13**
	0.14
	16.99**
	2.65**

	
	ICMR 09777
	-1.12**
	-1.12**
	-0.27
	0.45**
	-1.58**
	-2.17**
	-0.44**
	-8.79**
	-0.41

	
	ICMR 11111
	-0.39
	-0.39
	-4.30**
	-0.53**
	-1.77**
	1.06**
	0.18*
	-8.24**
	-1.68*

	
	ICMR 11666
	1.21**
	1.21**
	0.68
	-0.88**
	1.09**
	1.45**
	1.22**
	0.28*
	-0.01

	
	ICMR 17333
	-0.65*
	-0.65*
	1.77**
	0.13
	0.00
	1.20**
	0.45**
	2.09**
	1.65*

	
	ICMR 08222
	0.35
	0.35
	1.02
	0.16
	2.03**
	0.79**
	-1.03**
	2.52**
	0.59

	
	ICMR 12777
	-0.32
	-0.32
	2.98**
	0.39**
	2.06**
	-0.19
	1.10**
	-3.25**
	-2.68**

	S.Em. ±
	0.23
	0.23
	0.51
	0.11
	0.16
	0.27
	0.06
	0.10
	0.59


* and ** significant at P = 0.05 and P = 0.01 levels, respectively. * and ** significant at P = 0.05 and P = 0.01 levels, respectively

Table 4 : The estimates of specific combining ability (sca) for various characters in pearl millet
	Crosses
	Days to 50 % flowering	Comment by MyHp: (days)
	Days to maturity	Comment by MyHp: (days)

	Plant height
(cm)
	Number of effective tiller per plant
	Earhead length
(cm)
	Earhead girth
(mm)
	Test weight
(g)
	Grain yield per plant
(g)
	Seed setting 
(%)

	 7  A x HBL-11 R
	-0.27
	-0.27
	-6.18**
	0.12
	0.43
	0.18
	2.02**
	8.73**
	-6.60**

	 7  A x AC 04/13 R
	-0.27
	-0.27
	14.78**
	-0.10
	0.91*
	-1.14
	0.42*
	-3.59**
	1.73

	 7  A x ICMR 0911
	1.40*
	1.40*
	-25.24**
	-0.65*
	2.83**
	7.12**
	1.57**
	18.03**
	-3.80*

	 7  A x ICMR 09777
	0.27
	0.27
	11.20**
	-0.60*
	-5.89**
	-1.72*
	-1.98**
	-2.29**
	0.93

	 7  A x ICMR 11111
	-1.13
	-1.13
	17.20**
	-0.62*
	-4.20**
	-2.98**
	1.43**
	-1.84**
	4.53**

	 7  A x ICMR 11666
	-0.73
	-0.73
	-2.96*
	-0.20
	-2.32**
	-1.87*
	-1.92**
	-20.63**
	4.53**

	 7  A x ICMR 17333
	0.13
	0.13
	11.42**
	1.38**
	2.20**
	0.18
	-1.18**
	-12.51**
	-0.47

	 7  A x ICMR 08222
	-0.20
	-0.20
	10.60**
	-0.54
	3.27**
	0.69
	2.40**
	5.17**
	-6.40**

	 7  A x ICMR 12777
	0.80
	0.80
	-30.82**
	1.22**
	2.74**
	-0.46
	-2.76**
	8.93**
	5.53**

	37 A x HBL-11 R
	0.55
	0.55
	-9.20**
	-1.49**
	-0.39
	0.16
	0.84**
	-8.62**
	1.70

	37 A x AC 04/13 R
	-1.45*
	-1.45*
	-11.41**
	2.83**
	-5.04**
	-0.32
	-0.90**
	21.93**
	-0.64

	37 A x ICMR 0911
	-0.12
	-0.12
	-22.93**
	1.98**
	-1.09*
	-3.57**
	-1.78**
	0.08
	1.16

	37 A x ICMR 09777
	-0.25
	-0.25
	-1.43
	0.23
	2.06**
	1.00
	1.06**
	8.13**
	-1.10

	37 A x ICMR 11111
	0.01
	0.01
	0.91
	0.51
	0.04
	-0.27
	0.78**
	-16.45**
	-0.50

	37 A x ICMR 11666
	2.75**
	2.75**
	12.55**
	-0.94**
	2.06**
	-3.02**
	0.56**
	1.73**
	4.83**

	7 A x ICMR 17333
	0.28
	0.28
	5.63**
	-1.19**
	0.24
	-1.28
	1.47**
	11.52**
	-2.17

	37 A x ICMR 08222
	-1.72**
	-1.72**
	9.71**
	-2.38**
	4.55**
	2.80**
	-1.72**
	-7.08**
	-0.44

	37 A x ICMR 12777
	-0.05
	-0.05
	16.16**
	0.45
	-2.42**
	4.52**
	-0.32
	-11.24**
	-2.84

	ICMA 14222 x HBL-11 R
	0.36
	0.36
	3.31*
	2.04**
	-0.35
	1.22
	-1.00**
	-1.83**
	3.44*

	ICMA 14222 x AC 04/13 R
	-0.64
	-0.64
	-14.67**
	-0.88**
	-2.07**
	-2.69**
	-0.34
	-8.35**
	5.77**

	ICMA 14222 x ICMR 0911
	0.03
	0.03
	30.78**
	-1.73**
	-1.11*
	-2.64**
	-0.19
	-10.70**
	-3.43*

	ICMA 14222 x ICMR 09777
	0.90
	0.90
	-1.45
	1.99**
	2.00**
	1.53*
	1.62**
	-18.69**
	-3.70*

	ICMA 14222 x ICMR 11111
	0.50
	0.50
	-6.35**
	-0.23
	6.99**
	4.36**
	-1.16**
	16.57**
	-5.76**

	ICMA 14222 x ICMR 11666
	-0.44
	-0.44
	-27.41**
	-1.21**
	-2.53**
	2.24**
	1.09**
	6.38**
	0.24

	ICMA 14222 x ICMR 17333
	0.43
	0.43
	9.81**
	-0.73*
	1.39**
	2.45**
	0.73**
	14.40**
	2.90

	ICMA 14222 x ICMR 08222
	0.43
	0.43
	-2.65
	2.01**
	-2.37**
	-3.00**
	-1.06**
	-3.26**
	1.97

	ICMA 14222 x ICMR 12777
	-1.57*
	-1.57*
	8.63**
	-1.25**
	-1.94**
	-3.45**
	0.31
	5.47**
	-1.43

	ICMA 15666 x HBL-11 R
	-2.41**
	-2.41**
	6.00**
	-0.86**
	3.26**
	0.58
	-0.30
	30.66**
	0.21

	ICMA 15666 x AC 04/13 R
	-1.41*
	-1.41*
	-2.58
	-1.28**
	1.20**
	4.07**
	-0.44*
	-11.19**
	-3.45*

	ICMA 15666 x ICMR 0911
	-3.41**
	-3.41**
	13.91**
	-0.42
	-1.81**
	-0.85
	-1.29**
	-0.51
	3.68*

	ICMA 15666 x ICMR 09777
	-0.21
	-0.21
	-5.52**
	0.19
	-2.30**
	-2.88**
	0.46*
	-15.59**
	4.75**

	ICMA 15666 x ICMR 11111
	3.39**
	3.39**
	-11.02**
	-0.16
	-1.44**
	-0.65
	0.47**
	-0.47
	2.01

	ICMA 15666 x ICMR 11666
	0.79
	0.79
	8.62**
	0.92**
	2.10**
	1.60*
	-0.14
	23.91**
	-3.65*

	ICMA 15666 x ICMR 17333
	-1.68**
	-1.68**
	-2.26
	0.61*
	0.22
	-0.29
	-0.33
	-0.37
	-0.32

	ICMA 15666 x ICMR 08222
	2.65**
	2.65**
	-16.35**
	0.58
	-3.14**
	2.29**
	0.81**
	-21.13**
	1.41

	ICMA 15666 x ICMR 12777
	2.32**
	2.32**
	9.20**
	0.42
	1.90**
	-3.89**
	0.75**
	-5.30**
	-4.65**

	ICMA 21999 x HBL-11 R
	1.77**
	1.77**
	6.07**
	0.19
	-2.95**
	-2.13**
	-1.56**
	-28.94**
	1.25

	ICMA 21999 x AC 04/13 R
	3.77**
	3.77**
	13.89**
	-0.56
	4.99**
	0.09
	1.27**
	1.21**
	-3.41*

	ICMA 21999 x ICMR 0911
	2.10**
	2.10**
	3.47*
	0.82**
	1.18**
	-0.06
	1.69**
	-6.91**
	2.39

	ICMA 21999 x ICMR 09777
	-0.70
	-0.70
	-2.79*
	-1.80**
	4.13**
	2.07**
	-1.17**
	28.44**
	-0.88

	ICMA 21999 x ICMR 11111
	-2.76**
	-2.76**
	-0.73
	0.49
	-1.39**
	-0.46
	-1.52**
	2.19**
	-0.28

	ICMA 21999 x ICMR 11666
	-2.36**
	-2.36**
	9.19**
	1.44**
	0.69
	1.05
	0.40*
	-11.39**
	-5.95**

	ICMA 21999 x ICMR 17333
	0.84
	0.84
	-24.60**
	-0.08
	-4.05**
	-1.07
	-0.69**
	-13.04**
	0.05

	ICMA 21999 x ICMR 08222
	-1.16
	-1.16
	-1.32
	0.33
	-2.31**
	-2.79**
	-0.45*
	26.30**
	3.45*

	ICMA 21999 x ICMR 12777
	-1.50*
	-1.50*
	-3.17*
	-0.84**
	-0.28
	3.29**
	2.02**
	2.13**
	3.39*

	S.Em. ±
	0.45
	0.45
	1.03
	0.22
	0.33
	0.55
	0.13
	0.20
	1.18

	Range 
	-3.41 to 3.77
	-3.41 to 3.77
	-30.82 to 30.78
	-2.38 to 2.83
	-5.89 to 6.99
	-3.89 to 7.12
	-2.76 to 2.40
	-28.94 to 30.66
	-6.60 to 5.77

	No. of +ve significant 
	8
	8
	21
	11
	18
	12
	21
	19
	10

	No. of  -ve significant
	10
	10
	16
	16
	19
	13
	16
	22
	11


* and ** significant at P = 0.05 and P = 0.01 levels, respectively.






Table  5 : Summary table showing general combining ability effects of parents for various characters in pearl millet

	Sr. No.
	Parents
	Days to 50 % flowering (days)	Comment by MyHp: days
	Days to maturity (days)	Comment by MyHp: days
	Plant height
(cm)
	Number of effective tiller per plant
	Earhead length
(cm)
	Earhead girth
(mm)
	Test weight
(g)
	Grain yield per plant
(g)
	Seed setting 
(%)

	FEMALE PARENTS (Lines)

	1
	 7  A
	A
	A
	G
	A
	G
	P
	P
	P
	A

	2
	37 A
	G
	G
	G
	G
	P
	P
	P
	G
	A

	3
	ICMA 14222
	G
	G
	P
	G
	P
	A
	G
	G
	A

	4
	ICMA 15666
	P
	P
	P
	P
	G
	G
	A
	P
	A

	5
	ICMA 21999
	P
	P
	G
	P
	G
	G
	P
	P
	A

	MALE PARENTS(Testers)

	6
	HBL-11 R
	A
	A
	A
	G
	P
	P
	P
	G
	A

	7
	AC 04/13 R
	A
	A
	P
	A
	P
	P
	P
	P
	A

	8
	ICMR 0911
	A
	A
	G
	A
	G
	G
	A
	G
	G

	9
	ICMR 09777
	G
	G
	A
	G
	P
	P
	P
	P
	A

	1
	ICMR 11111
	A
	A
	G
	P
	P
	G
	G
	P
	P

	2
	ICMR 11666
	P
	P
	A
	P
	G
	G
	G
	G
	A

	3
	ICMR 17333
	G
	G
	P
	A
	A
	G
	G
	G
	G

	4
	ICMR 08222
	A
	A
	A
	A
	G
	G
	P
	G
	A

	5
	ICMR 12777
	A
	A
	P
	G
	G
	A
	P
	P
	P


G, A and P indicates good, average, and poor general combining ability, respectively.
A = Average parents having either positive or negative but non-significant gca effects.







