



Evaluation of Heterosis Grain Yield in Pearl millet [Pennisetum glaucum (L.) R. Br.)] by Applying CMS-based Hybrids


Abstract
 The experiment was conducted in Pearl millet [Pennisetum glaucum (L.) R. Br.)] at Ketanbhai Patel Farm, Village Ishanpur Mota, Ta & Dist. Gandhinagar, Gujarat. To assess the extent of heterosis for ten characters including grain yield per plant. Six CMS lines were crossed with eight restorer lines as testers in line x tester mating design to obtained 48 F1 hybrids of Pearl millet. The analysis of variance for parents, hybrids and parents vs. hybrids revealed that mean sum of squares of parents were highly significant for all of the characters. Whereas, hybrids also differed highly significant for all the characters. Comparison of mean squares due to parents vs. hybrids was found significant for almost all the characters except seed setting. This indicate that considerable amount of genetic variability present among the parents and hybrids for all the characters studied. On the basis of per se performance, highest grain yield per plant was observed in the parent HTP-03/13 R (52.20 g) and hybrid 97111 A x ICMR 1203 (91.50 g). while parent H 77/833-2-202R (76.00 days) and hybrid 94555 A x HTP-03/13 R (75.00 days) for early maturity. Whereas, the parent, H 77/833-2-202R (4.57), hybrid 97111 A x H 77/833-2-202R (5.50) for number of effective tiller per plant. Based on heterotic effect, 97111 A x ICMR 1907 hybrid recorded significant heterosis in desired direction over standard check for earhead length, earhead girth, test weight, harvest index, seed setting and grain yield per plant. The second hybrid 97111 A x ICMR 1203 has recorded significant heterosis (in desired direction) over standard check for earhead length, earhead girth, test weight, harvest index, seed setting and grain yield per plant. The third hybrid 97111 A x ICMR 19555 has recorded significant standard heterosis for earhead length, earhead girth, test weight, harvest index, seed setting and grain yield per plant. The last hybrid 97111 A x ICMR 18777 has recorded significant standard heterosis for earhead length, earhead girth, test weight, harvest index and grain yield per plant. 
Keywords: Pearl millet, LxT mating design, Heterosis, grain yield




INTRODUCTION

“Pearl millet [Pennisetum glaucum (L.) R. Br.] is believed to have been domesticated in Sub-Saharan Africa some 4000 to 5000 yr ago” (Munson, 1975). “Archaeological evidence suggests that pearl millet was first domesticated at the southern edge of the Sahara Desert in West Africa around 2500 BC” (Manning et al., 2011). “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 (Pennisetum glaucum (L.) R. Br.) is one of the most cultivated cereals ranking after rice, wheat, maize, barley and sorghum in terms of area planted to these crops in the world”. (Khairwal et. al. 2007). “Pearl millet is a climate resilient crop and one of the most widely grown millets worldwide. Pearl millet (Pennisetum glaucum (L.) R. Br.) is cultivated in environments of low and erratic rainfall, high temperatures, and low soil fertility and is the main source of food and fodder for the farming communities in arid and semiarid tropics of sub- Saharan Africa and South Asia. Pearl millet [Pennisetum glaucum (L.) R. Br.] known by several names, such as bulrush millet, spiked millet, cattail millet, candle millet, bajra, is a climate resilient nutritious cereal” (Anuradha et al., 2017). 
Pearl millet is a highly cross-pollinated species, with outcrossing rates of more than 85%, because of its protogynous nature of flowering. Therefore, individual plants of natural populations mate randomly and are highly heterozygous and heterogeneous. Early breeding efforts in genetic improvement of pearl millet, which started as early as the 1930s, attempted to capitalize on such existing genetic variation within traditional landraces by subjecting them to simple mass selection (Athwal, 1961). “The greater urgency for population improvement programs started with the acquisition of a diverse range of germplasm from across the world in the 1970s with the establishment of the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)” (Gill, 1991; Witcombe, 1999). Eventually, “a large number of populations and trait-based composites of the broad genetic base were established, and a diverse range of elite breeding materials was developed” (Rai and Anand Kumar, 1994; Rai et al., 2006).
“Heterosis is a natural phenomenon whereby hybrid offsprings of genetically diverse individuals exhibit improved physical and functional features relative to their parents” (Coors and Pandey 1999). Heterosis has been studied in most eukaryotic organisms, including plants, animals, and fungi. When two homozygous inbred lines (true breeding line derived from recurrent inbreeding) with distinct genetic constitutions are hybridized together, the resultant hybrids have greater height, weight, fertility, robustness, and constitutional vigor than either of the parents and their self-pollinated counterparts. The maximum level of heterosis is monitored in the F1 derived from cross-pollination between diverse genotypes. This demonstrates the involvement of several alleles or genetic loci with diverse interactions at cellular and molecular levels. While the superiority of the progenies over their parents is progressively reduced in the successive generations developed from self-pollination. Heterosis has been exploited in many cereals, oilseeds, vegetables, fruits, pulses, etc., through the development of F1 hybrids globally. 
Exploitation of hybrid vigour has been recognized as an important tool for genetic improvement of yield and may serve as a major fruitful technique to break existing yield barriers. Evaluation of breeding material for general and specific combining ability as well as the extent of heterosis for seed yield and yield contributing characters are prerequisite in any breeding programme aimed for the development of improved genotypes or a hybrid.  Heterosis express the superiority of F1 hybrid over its mid parental value in terms of yield and other characters. 

MATERIALS AND METHODS
The present investigation was carried out to derive information on magnitude of  relative heterosis, heterobeltiosis, standard heterosis, general combining ability (GCA) of parental lines and specific combining ability (SCA) of hybrids in pearl millet [Pennisetum glaucum (L.) R. Br. )." The field experiment was conducted at Ketanbhai Patel Farm Village Ishanpur Mota, Ta & Dist. Gandhinagar, Gujarat. The experiments consist of six CMS lines and eight testers (restorer parent). These were obtained from the HAU, Hissar and ICRISAT, Hyderabad. Six CMS lines and eight male parents were used to produce 48 hybrids using line × tester mating design. The experiment was formed with 48 hybrids, 14 parents and one standard check (GHB 1129). The crosses were made at Ketanbhai Patel Farm Village Ishanpur Mota, Ta & Dist. Gandhinagar, Gujarat during kharif, 2023. At the same time CMS lines were maintained by cross with maintainer line and male parent were selfed to get sufficient seeds for conducting experiment. The seeds of all the crosses and their parental lines were harvested separately, cleaned and store properly in seed bag for sowing in next season.

	List 1
	:
	Particulars of parents used

	

	Sr. No.
	Lines (Females)
	Source
	Sr. No.
	Testers (Male)
	Source

	1
	94555 A
	H.A.U., Hissar
	1
	H 77/833-2-202R
	H.A.U., Hissar

	2
	97111 A
	H.A.U., Hissar
	2
	HTP – 03/13 R
	H.A.U., Hissar

	3
	 47 A
	H.A.U., Hissar
	3
	ICMR 06222
	ICRISAT, Hyderabad

	4
	 ICMA 14222
	ICRISAT, Hyderabad
	4
	ICMR 14222
	ICRISAT, Hyderabad

	5
	ICMA 15666
	ICRISAT, Hyderabad
	5
	ICMR 1203
	ICRISAT, Hyderabad

	6
	ICMA 21999
	ICRISAT, Hyderabad
	6
	ICMR 1907
	ICRISAT, Hyderabad

	
	
	
	7
	ICMR 19555
	ICRISAT, Hyderabad

	
	
	
	8
	ICMR 18777
	ICRISAT, Hyderabad

	[C]
	Standard check :

	1
	GHB 1129
	
	JAU, Junagadh



A set of 63 genotypes comprising of 14 parents (6 female and 8 male parents) and their 48 F1’s with a standard check GHB 1129 were grown in Randomized Block Design with two replications during summer 2024 and evaluated at Ketanbhai Patel Farm Village Ishanpur Mota, Ta & Dist. Gandhinagar, Gujarat. The experiment was sown on 10th March, 2024.  Each hybrids and parents represented single row having 4 meter length spaced at 45 cm between rows and 15 cm apart from plant to plant within row.
Five plants were randomly selected and tagged from each net plot of parents and F1s 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), Harvest Index (%) and Seed setting (%). Analysis of variance technique suggested by Snedecor and Cochran (1967) and reviewed by Panse and Sukhatme (1985) for Randomized Complete Block Design was followed to test the differences among the genotypes for the characters under study. Heterosis was estimated as per cent increase or decrease in the mean value of F1 hybrid over mid parent i.e., relative heterosis Kempthorne (1957), over better parent i.e., heterobeltiosis Koelreuter (1766) and Fonseca and Patterson (1968) and over standard check i.e., standard heterosis Meredith and Bridge (1972) for each character.  
RESULTS AND DISCUSSION
HETEROSIS
Heterosis was measured as percent increase or decrease of F1 over the mid parental value (relative heterosis), better parent (heterobeltiosis) and over standard check GHB 1129 (standard heterosis) for all the characters under study. The measures of heterosis over mid parent and better parent were relatively less practical value than standard heterosis. Therefore, it is important to measure heterosis in terms of superiority over the standard check (GHB 1129), in addition to that over better parent and mid parent. The analysis of heterosis indicated that the degree of heterosis varied from cross to cross for all the characters. The character-wise results on heterosis over mid parent (relative heterosis), better parent (heterobeltiosis) and over standard check (standard heterosis)
None of the hybrid showed significant standard heterosis over the check GHB 1129 in desirable direction for the Days to 50% flowering and Days to maturity. The results are in close agreement of Patel et al. (2016), Patel et al. (2019) and Suryawanshi et al. (2021), Sharma et. al. (2023). Out of forty eight hybrids, thirty five hybrids showed significant and positive heterosis over mid parental value, twenty seven hybrids showed significantly positive and desirable heterosis over better parent and thirteen hybrids showed significant and positive standard heterosis for Number of effective tiller per plant. The similar results were also reported by Patel et al. (2019), Suryawanshi et al. (2021) and Athoni et al. (2021). The estimates of heterosis revealed that thirty two hybrids showed significant positive heterosis over mid parental value and Twenty three hybrids showed significant positive heterobeltiosis for Earhead length. For Earhead length, significant and positive relative heterosis, heterobeltiosis and commercial heterosis was observed which indicated immense practical utility contributing towards higher seed yield. The similar results were also observed by Patel et al. (2019) and Suryawanshi et al. (2021).
The significant and positive relative heterosis and heterobeltiosis was manifested by twenty two hybrids and Forty six hybrids respectively over check hybrid GHB 1129 for the Earhead girth. The relative heterosis, heterobeltiosis and standard heterosis were found positive and significant for this trait. The present results are in close agreement with those of Patel et al. (2019) and Suryawanshi et al. (2021). For test weight, twenty six hybrids showed significant positive heterosis over mid parental value, Twenty one hybrids showed significant positive heterobeltiosis and Twenty four hybrid exhibited significant positive heterosis over standard check GHB 1129. Similar results were also observed by Wandhekar et al. (2025) and Patil et al. (2021) for this character.
[bookmark: _GoBack]The main aim of plant breeder is to evolve high yielding hybrids. The yield is the final out put that receive greatest importance. Out of forty eight hybrids, forty hybrids showed significant and positive relative heterosis and thirty nine hybrids showed significant and positive heterobeltiosis and forty one hybrids showed positive significant standard heterosis for grain yield per plant. The results obtained in present study are in accordance with the Bhasker et al. (2017, Patil et al. (2021) and Sharma et al. (2023). Heterosis is a phenomenon of immense practical value as its utilization lead to considerable yield improvement in several crop plants. The aim of heterosis in the present study was to spot out the best combination of parents giving high degree of useful heterosis. In present study, twenty eight hybrids showed positive and significant relative heterosis, twenty one hybrids showed significant and positive heterobeltiosis and thirty hybrids showed significant positive standard heterosis for harvest index. Similar results were also reported for Harvest index by Patil et al. (2021) and Sharma et al. (2023). Among all hybrids ten hybrids recorded significant and positive relative heterosis, seven hybrids recorded significant and positive heterobeltiosis and twenty six hybrids recorded significant and positive standard heterosis for seed setting. In case of seed setting significant and positive relative heterosis, heterobeltiosis and standard heterosis were recorded which is desirable. Similar results were also reported earlier by Sumathi and Revati (2017).
Heterosis over mid parent and over better parent have no consequence for any hybrid to be acceptable commercially; it must express significant level of superiority over the standard/best check. Such superiority is referred to as standard heterosis. In the present investigation standard heterosis was calculated over GHB 1129.
The relative heterosis, heterobeltiosis and standard heterosis for ten characters are presented in below table. The degree of heterosis varied from cross to cross for all the characters. Considerably high heterotic values in certain crosses and low in other crosses revealed that nature of genetic variance varied with the genetic architecture of parental material. Relative heterosis and heterobeltiosis are important as they provide an idea about the role of dominance and over-dominance type of genetic control.
In most of the characters variable number of crosses depicted in heterosis in both positive and negative direction, indicating that genes with negative as well as positive effect were dominant. Based on heterotic effect, hybrid 97111 A x ICMR 1203 has recorded significant heterosis in desired direction over standard check for earhead length, earhead girth, test weight, harvest index, seed setting and grain yield per plant. It also significant in desirable direction for plant height, The second hybrid 97111 A x ICMR 19555 has recorded significant standard heterosis for earhead length, earhead girth, test weight, harvest index, seed setting and grain yield per plant. The third hybrid 97111 A x ICMR 1907 hybrid recorded significant heterosis in desired direction over standard check for earhead length, earhead girth, test weight, harvest index, seed setting and grain yield per plant. 
The last hybrid 97111 A x ICMR 18777 has recorded significant standard heterosis for earhead length, earhead girth, test weight, harvest index and grain yield per plant. 



SUMMARY AND CONCLUSION
The analysis of variance for parents, hybrids and parents vs. hybrids revealed that mean sum of squares of parents were highly significant for all of the characters. Whereas, hybrids also differed highly significant for all the characters. Comparison of mean squares due to parents vs. hybrids was found significant for almost all the characters except seed setting. This indicate that considerable amount of genetic variability present among the parents and hybrids for all the characters studied. With respect to heterosis over mid parent, better parent and standard heterosis, out of forty eight hybrids, none of the hybrid exhibited significant standard heterosis in desired direction for days to 50% flowering and days to maturity. Accordingly heterosis, heterobeltiosis and standard heterosis for plant height (0,0,9), number of effective tiller per plant (35,27,13), earhead length (32,23,35), earhead girth (32,22,46), test weight (26,21,24), grain yield per plant (40,39,41), harvest index (28,21,30) and seed setting (10,7,13) respectively.
on the basis of present investigation, first hybrid 97111 A x ICMR 1203 was identified as best heterotic combination on the basis of per se performance and heterosis over standard check for grain yield per plant, plant height, test weight and harvest index. Second hybrid 97111 A x ICMR 19555 was identified as best heterotic combination on the basis of per se performance and heterosis over standard check  for grain yield per plant, earhead length, earhead girth, harvest index, test weight and seed setting. Whereas third hybrid 97111 A x ICMR 1907 was identified as best heterotic combination on the basis of per se performance, heterosis over standard check and standard heterosis for grain yield per plant, earhead length, ear head girth, test weight and harvest index.
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Table 1: Analysis of variance (Mean square) for parents and hybrids for seed yield and its component characters in pearl millet
	Source of variation
	d.f.
	Days to 50 % flowering
	Days to maturity
	Plant height
(cm)
	Number of effective tiller per plant
	Earhead length
(cm)
	Earhead girth
(mm)
	Test weight
(g)
	Grain yield per plant
(g)
	Harvest index
( %)
	Seed setting 
(%)

	Replication
	2
	0.58
	0.55
	1.11
	0.02
	0.22
	1.70
	0.83**
	10.87
	17.47
	31.91*

	Genotypes
	62
	11.28**
	11.28**
	1228.5**
	3.18**
	34.06**
	41.62**
	9.9**
	2018.8**
	806.59**
	32.88**

	Parents
	13
	3.62**
	3.62**
	613.93**
	1.63**
	27.30**
	39.92**
	12.02**
	406.46**
	874.52**
	28.29**

	Female
	5
	3.55*
	3.55*
	204.46**
	0.64**
	5.76
	24.76**
	17.21**
	437.38**
	676.77**
	20.72*

	Male
	7
	3.32*
	3.32*
	266.31**
	2.16**
	42.97**
	45.42**
	7.72**
	442.34**
	1031.49**
	37.60**

	Female vs. male
	1
	6.0*
	6.0*
	5094.60**
	2.87**
	25.25*
	77.23**
	16.21**
	0.66
	764.48**
	0.97

	Hybrid
	47
	13.21**
	13.21**
	589.14**
	3.09**
	21.82**
	34.70**
	9.36**
	1677.99**
	689.19**
	34.24**

	Parents vs. hybrids
	1
	22.14**
	22.17**
	40231.62**
	29.85**
	679.17**
	297.66**
	17.29**
	39314.11**
	6012.26**
	4.34

	Error
	122
	1.36
	1.36
	62.64
	0.02
	4.56
	0.75
	0.06
	8.78
	19.76
	7.41


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







	Table 2
	:   Estimates of heterosis in percentage in F1 hybrid over mid parent, better parent and         
    standard check GHB 1129 for days to 50% flowering and days to maturity in  pearl millet

	Sr. No.
	Hybrids
	Days to  50% flowering
	Days to maturity

	
	
	MP
	BP
	SC
	MP
	BP
	SC

	1
	47 A x H 77/833-2-202R
	-1.03
	0.00
	-1.38
	-0.65
	0.00
	-0.88

	2
	47 A x HTP-03/13 R
	-1.01
	0.00
	0.68
	-0.65
	0.00
	0.44

	3
	47 A x ICMR 06222
	1.03
	2.08
	0.68
	0.65
	1.32
	0.44

	4
	47 A x ICMR 14222
	5.69**
	7.48**
	8.22**
	3.64**
	4.76**
	5.22**

	5
	47 A x ICMR 1203
	-0.68
	0.00
	0.68
	-0.43
	0.00
	0.44

	6
	47 A x ICMR 1907
	-4.35*
	-2.72
	-2.07
	-2.78*
	-1.73
	-1.31

	7
	47 A x ICMR 19555
	-0.68
	-0.68
	-0.01
	-0.43
	-0.43
	-0.01

	8
	47 A x ICMR 18777
	-1.35
	-0.68
	-0.01
	-0.86
	-0.43
	-0.01

	9
	94555 A x H 77/833-2-202R
	-2.67
	1.39
	-0.01
	-1.71
	0.88
	-0.01

	10
	94555 A x HTP-03/13 R
	-7.84**
	-6.00**
	-3.44
	-5.06**
	-3.85**
	-2.18

	11
	94555 A x ICMR 06222
	0.00
	4.17*
	2.74
	0.00
	2.63*
	1.74

	12
	94555 A x ICMR 14222
	-6.49**
	-5.26**
	-1.38
	-4.20**
	-3.39*
	-0.88

	13
	94555 A x ICMR 1203
	-5.57**
	-3.36
	-1.38
	-3.59**
	-2.15
	-0.88

	14
	94555 A x ICMR 1907
	-6.49**
	-5.26**
	-1.38
	-4.20**
	-3.39*
	-0.88

	15
	94555 A x ICMR 19555
	-3.63
	-0.68
	-0.01
	-2.34
	-0.43
	-0.01

	16
	94555 A x ICMR 18777
	-2.30
	0.00
	2.05
	-1.48
	0.00
	1.30

	17
	ICMA 14222 x H 77/833-2-202R
	-0.68
	1.39
	-0.01
	-0.43
	0.88
	-0.01

	18
	ICMA 14222 x HTP-03/13 R
	1.33
	1.33
	4.11*
	0.85
	0.85
	2.61*

	19
	ICMA 14222 x ICMR 06222
	2.04
	4.17*
	2.74
	1.30
	2.63*
	1.74

	20
	ICMA 14222 x ICMR 14222
	-2.65
	-2.00
	0.68
	-1.70
	-1.28
	0.44

	21
	ICMA 14222 x ICMR 1203
	0.33
	0.67
	2.74
	0.21
	0.43
	1.74

	22
	ICMA 14222 x ICMR 1907
	-0.66
	0.00
	2.74
	-0.43
	0.00
	1.74

	23
	ICMA 14222 x ICMR 19555
	9.09**
	10.20**
	10.96**
	5.81**
	6.49**
	6.96**

	24
	ICMA 14222 x ICMR 18777
	0.33
	0.67
	2.74
	0.21
	0.43
	1.74

	25
	ICMA 15666 x H 77/833-2-202R
	3.75
	5.56**
	4.11*
	2.39
	3.51*
	2.61*

	26
	ICMA 15666 x HTP-03/13 R
	6.35**
	6.71**
	8.90**
	4.07**
	4.29**
	5.65**

	27
	ICMA 15666 x ICMR 06222
	6.48**
	8.33**
	6.85**
	4.12**
	5.26**
	4.35**

	28
	ICMA 15666 x ICMR 14222
	1.66
	2.68
	4.79*
	1.07
	1.72
	3.04*

	29
	ICMA 15666 x ICMR 1203
	4.70*
	4.70*
	6.85**
	3.00*
	3.00*
	4.35**

	30
	ICMA 15666 x ICMR 1907
	1.66
	2.68
	4.79*
	1.07
	1.72
	3.04*

	31
	ICMA 15666 x ICMR 19555
	7.43**
	8.16**
	8.90**
	4.74**
	5.19**
	5.65**

	32
	ICMA 15666 x ICMR 18777
	4.70*
	4.70*
	6.85**
	3.00*
	3.00*
	4.35**

	33
	ICMA 21999 x H 77/833-2-202R
	2.36
	5.56**
	4.11*
	1.51
	3.51*
	2.61*

	34
	ICMA 21999 x HTP-03/13 R
	-0.99
	0.00
	2.74
	-0.64
	0.00
	1.74

	35
	ICMA 21999 x ICMR 06222
	1.01
	4.17*
	2.74
	0.65
	2.63*
	1.74

	36
	ICMA 21999 x ICMR 14222
	-3.61
	-3.29
	0.68
	-2.33
	-2.12
	0.44

	37
	ICMA 21999 x ICMR 1203
	-0.66
	0.67
	2.74
	-0.43
	0.43
	1.74

	38
	ICMA 21999 x ICMR 1907
	2.30
	2.63
	6.85**
	1.48
	1.69
	4.35**

	39
	ICMA 21999 x ICMR 19555
	4.00*
	6.12**
	6.85**
	2.56*
	3.90**
	4.35**

	40
	ICMA 21999 x ICMR 18777
	7.28**
	8.72**
	10.96**
	4.68**
	5.58**
	6.96**

	41
	97111 A x H 77/833-2-202R
	8.53**
	10.42**
	8.90**
	5.42**
	6.58**
	5.65**

	42
	97111 A x HTP-03/13 R
	8.36**
	8.72**
	10.96**
	5.35**
	5.58**
	6.96**

	43
	97111 A x ICMR 06222
	12.63**
	14.58**
	13.01**
	8.03**
	9.21**
	8.26**

	44
	97111 A x ICMR 14222
	11.63**
	12.75**
	15.07**
	7.46**
	8.15**
	9.57**

	45
	97111 A x ICMR 1203
	2.68
	2.68
	4.79*
	1.72
	1.72
	3.04*

	46
	97111 A x ICMR 1907
	5.65**
	6.71**
	8.90**
	3.62**
	4.29**
	5.65**

	47
	97111 A x ICMR 19555
	1.35
	2.04
	2.74
	0.86
	1.30
	1.74

	48
	97111 A x ICMR 18777
	4.70*
	4.70*
	6.85**
	3.00
	3.00*
	4.35**

	Range
	-7.84 to 12.63
	-6.00 to 14.58
	-3.44 to 15.07
	-5.06 to 8.03
	-3.85 to 9.21
	-2.18 to 9.57

	Significant Heterosis
	20
	22
	22
	19
	22
	22

	No. of +ve significant
	15
	19
	22
	14
	19
	22

	No. of  -ve significant
	5
	3
	0
	5
	3
	0


* and** at 5 per cent and 1 per cent levels, respectively.




	Table 3
	:
	Estimates of heterosis in percentage in F1 hybrid over mid parent, better parent and standard check GHB 1129 for Plant height and Number of effective tillers in pearl millet

	Sr. No.
	Hybrids
	Plant height 
(cm)
	Number of effective 
tiller per plant

	
	
	MP
	BP
	SC
	MP
	BP
	SC

	1
	47 A x H 77/833-2-202R
	33.83**
	34.16**
	1.88
	54.07**
	17.52**
	21.15**

	2
	47 A x HTP-03/13 R
	32.99**
	35.23**
	2.69
	80.56**
	80.56**
	-2.19

	3
	47 A x ICMR 06222
	37.60**
	46.57**
	11.30**
	48.86**
	25.96**
	-1.43

	4
	47 A x ICMR 14222
	27.42**
	29.73**
	-1.49
	80.95**
	77.33**
	0.08

	5
	47 A x ICMR 1203
	12.14*
	20.35**
	-8.62*
	-3.50
	-4.17
	-48.09**

	6
	47 A x ICMR 1907
	13.50**
	26.81**
	-3.71
	18.60**
	2.00
	-23.26**

	7
	47 A x ICMR 19555
	26.46**
	32.23**
	0.41
	3.96
	-19.23**
	-21.00**

	8
	47 A x ICMR 18777
	37.45**
	38.32**
	5.04
	15.43**
	-1.94
	-24.01**

	9
	94555 A x H 77/833-2-202R
	34.42**
	38.46**
	-0.35
	44.80**
	16.79**
	20.40**

	10
	94555 A x HTP-03/13 R
	41.38**
	47.79**
	6.37
	25.64**
	16.67**
	-26.27**

	11
	94555 A x ICMR 06222
	36.44**
	49.58**
	7.67
	-22.34**
	-29.81**
	-45.08**

	12
	94555 A x ICMR 14222
	43.51**
	50.21**
	8.12
	28.30**
	21.43**
	-23.26**

	13
	94555 A x ICMR 1203
	26.11**
	39.32**
	0.28
	31.61**
	21.43**
	-23.26**

	14
	94555 A x ICMR 1907
	26.47**
	45.60**
	4.80
	77.17**
	63.00**
	22.65**

	15
	94555 A x ICMR 19555
	35.50**
	45.75**
	4.91
	48.60**
	22.31**
	19.64**

	16
	94555 A x ICMR 18777
	52.41**
	57.63**
	13.45**
	5.88
	-3.88
	-25.51**

	17
	ICMA 14222 x H 77/833-2-202R
	36.56**
	48.46**
	-3.54
	-0.48
	-24.09**
	-21.75**

	18
	ICMA 14222 x HTP-03/13 R
	45.33**
	60.45**
	4.26
	44.44**
	44.44**
	-21.75**

	19
	ICMA 14222 x ICMR 06222
	-0.30
	15.70**
	-24.82**
	15.91**
	-1.92
	-23.26**

	20
	ICMA 14222 x ICMR 14222
	37.80**
	52.34**
	-1.02
	2.04
	0.00
	-43.57**

	21
	ICMA 14222 x ICMR 1203
	34.37**
	57.20**
	2.16
	-3.50
	-4.17
	-48.09**

	22
	ICMA 14222 x ICMR 1907
	39.44**
	70.32**
	10.68*
	52.33**
	31.00**
	-1.43

	23
	ICMA 14222 x ICMR 19555
	45.76**
	65.82**
	7.75
	61.39**
	25.38**
	22.65**

	24
	ICMA 14222 x ICMR 18777
	42.96**
	56.08**
	1.42
	86.29**
	58.25**
	22.65**

	25
	ICMA 15666 x H 77/833-2-202R
	60.64**
	77.37**
	12.01**
	7.56*
	-6.57*
	-3.69

	26
	ICMA 15666 x HTP-03/13 R
	36.42**
	53.00**
	-3.39
	86.13**
	59.41**
	21.15**

	27
	ICMA 15666 x ICMR 06222
	35.31**
	59.61**
	0.80
	27.80**
	25.96**
	-1.43

	28
	ICMA 15666 x ICMR 14222
	56.08**
	75.29**
	10.70*
	18.18**
	2.97
	-21.75**

	29
	ICMA 15666 x ICMR 1203
	30.82**
	55.59**
	-1.75
	86.05**
	58.42**
	20.40**

	30
	ICMA 15666 x ICMR 1907
	22.09**
	51.67**
	-4.23
	30.35**
	29.70**
	-1.43

	31
	ICMA 15666 x ICMR 19555
	32.02**
	52.62**
	-3.62
	-11.69**
	-21.54**
	-23.26**

	32
	ICMA 15666 x ICMR 18777
	8.16
	19.94**
	-24.26**
	54.90**
	53.40**
	18.89**

	33
	ICMA 21999 x H 77/833-2-202R
	28.35**
	42.17**
	-10.75*
	-3.85
	-27.01**
	-24.76**

	34
	ICMA 21999 x HTP-03/13 R
	28.21**
	44.26**
	-9.43*
	44.06**
	43.06**
	-22.50**

	35
	ICMA 21999 x ICMR 06222
	25.30**
	48.30**
	-6.89
	50.86**
	26.92**
	-0.68

	36
	ICMA 21999 x ICMR 14222
	21.62**
	37.02**
	-13.98**
	-1.37
	-4.00
	-45.83**

	37
	ICMA 21999 x ICMR 1203
	23.59**
	47.48**
	-7.41
	5.63
	5.63
	-43.57**

	38
	ICMA 21999 x ICMR 1907
	14.04**
	42.17**
	-10.75*
	54.39**
	32.00**
	-0.68

	39
	ICMA 21999 x ICMR 19555
	29.92**
	50.70**
	-5.39
	-3.48
	-25.38**
	-27.02**

	40
	ICMA 21999 x ICMR 18777
	47.58**
	64.18**
	3.08
	86.21**
	57.28**
	21.90**

	41
	97111 A x H 77/833-2-202R
	30.33**
	36.31**
	-4.74
	39.83**
	20.44**
	24.16**

	42
	97111 A x HTP-03/13 R
	42.12**
	50.88**
	5.45
	84.80**
	59.60**
	18.89**

	43
	97111 A x ICMR 06222
	51.85**
	69.17**
	18.23**
	62.56**
	58.65**
	24.16**

	44
	97111 A x ICMR 14222
	20.03**
	27.59**
	-10.83*
	16.09**
	2.02
	-24.01**

	45
	97111 A x ICMR 1203
	5.49
	18.45**
	-17.23**
	22.35**
	5.05
	-21.75**

	46
	97111 A x ICMR 1907
	22.45**
	43.36**
	0.20
	2.51
	2.00
	-23.26**

	47
	97111 A x ICMR 19555
	25.52**
	37.17**
	-4.14
	16.16**
	2.31
	0.08

	48
	97111 A x ICMR 18777
	26.30**
	32.65**
	-7.30
	29.70**
	27.18**
	-1.43

	Range 
	-0.30 to 60.64
	15.70 to 77.37
	-24.82 to 18.23
	-22.34 to 86.29
	-29.81 to 80.56
	-48.09 to 24.16

	Significant Heterosis
	45
	48
	15
	37
	34
	37

	No. of +ve significant 
	45
	48
	6
	35
	27
	13

	No. of  -ve significant
	0
	0
	9
	2
	7
	24


* and** at 5 per cent and 1 per cent levels, respectively.























	Table 4
	:
	Estimates of heterosis in percentage in F1 hybrid over mid parent, better parent and standard check GHB 1129 for Ear head length and Ear head girth in pearl millet

	Sr. No.
	Hybrids
	Ear head length (cm)
	Ear head girth (mm)

	
	
	MP
	BP
	SC
	MP
	BP
	SC

	1
	47 A x H 77/833-2-202R
	41.79**
	26.07*
	19.14*
	-10.87**
	-27.31**
	5.38

	2
	47 A x HTP-03/13 R
	35.03**
	29.38**
	22.27*
	-4.24
	-14.04**
	24.63**

	3
	47 A x ICMR 06222
	30.83**
	26.22**
	28.34**
	2.02
	-6.64**
	35.36**

	4
	47 A x ICMR 14222
	10.14
	-6.04
	25.76**
	17.08**
	1.09
	46.56**

	5
	47 A x ICMR 1203
	21.87*
	8.32
	31.65**
	-2.99
	-6.31**
	35.83**

	6
	47 A x ICMR 1907
	33.97**
	31.10**
	29.44**
	6.77*
	-8.16**
	33.15**

	7
	47 A x ICMR 19555
	46.48**
	38.04**
	47.46**
	5.08*
	4.40
	53.34**

	8
	47 A x ICMR 18777
	57.01**
	42.80**
	34.96**
	23.19**
	4.90*
	52.08**

	9
	94555 A x H 77/833-2-202R
	38.21**
	15.41
	26.68**
	0.45
	-11.55**
	6.33

	10
	94555 A x HTP-03/13 R
	20.60*
	7.87
	18.41
	9.04**
	6.82*
	28.42**

	11
	94555 A x ICMR 06222
	25.57**
	20.94*
	32.75**
	38.62**
	38.53**
	66.75**

	12
	94555 A x ICMR 14222
	28.75**
	17.17*
	56.84**
	30.49**
	22.44**
	47.19**

	13
	94555 A x ICMR 1203
	19.87*
	14.07
	38.63**
	1.24
	-4.32
	29.21**

	14
	94555 A x ICMR 1907
	33.86**
	27.14**
	39.55**
	19.24**
	11.42**
	33.94**

	15
	94555 A x ICMR 19555
	38.03**
	36.18**
	49.48**
	0.18
	-8.92**
	33.78**

	16
	94555 A x ICMR 18777
	76.03**
	50.08**
	64.74**
	6.68*
	-1.44
	18.48**

	17
	ICMA 14222 x H 77/833-2-202R
	24.54*
	1.74
	18.04
	7.35*
	-8.40**
	18.64**

	18
	ICMA 14222 x HTP-03/13 R
	38.11**
	20.60*
	39.92**
	40.59**
	32.89**
	72.11**

	19
	ICMA 14222 x ICMR 06222
	35.30**
	26.94**
	47.27**
	22.60**
	18.27**
	53.18**

	20
	ICMA 14222 x ICMR 14222
	20.97**
	12.91
	51.14**
	37.27**
	24.48**
	61.23**

	21
	ICMA 14222 x ICMR 1203
	10.99
	8.47
	31.83**
	14.73**
	12.38**
	51.76**

	22
	ICMA 14222 x ICMR 1907
	4.97
	-2.85
	12.71
	21.78**
	9.99**
	42.46**

	23
	ICMA 14222 x ICMR 19555
	-7.43
	-11.09
	3.15
	-15.41**
	-20.41**
	16.90**

	24
	ICMA 14222 x ICMR 18777
	27.38**
	6.18
	23.19*
	6.34*
	-4.99
	23.05**

	25
	ICMA 15666 x H 77/833-2-202R
	-2.96
	-19.87*
	-9.55
	35.71**
	19.37**
	43.88**

	26
	ICMA 15666 x HTP-03/13 R
	32.35**
	16.94*
	32.01**
	19.46**
	16.88**
	40.88**

	27
	ICMA 15666 x ICMR 06222
	15.68
	9.93
	24.11*
	-7.66**
	-7.72**
	11.22**

	28
	ICMA 15666 x ICMR 14222
	-4.47
	-11.95
	17.86
	23.04**
	15.31**
	38.99**

	29
	ICMA 15666 x ICMR 1203
	4.00
	0.30
	21.90*
	-12.59**
	-17.29**
	11.69**

	30
	ICMA 15666 x ICMR 1907
	35.71**
	27.20**
	43.60**
	28.47**
	19.90**
	44.51**

	31
	ICMA 15666 x ICMR 19555
	20.50*
	17.26*
	32.38**
	-9.73**
	-17.83**
	20.69**

	32
	ICMA 15666 x ICMR 18777
	15.94
	-2.28
	10.32
	21.28**
	11.91**
	34.88**

	33
	ICMA 21999 x H 77/833-2-202R
	24.43*
	2.95
	15.65
	17.72**
	7.56*
	18.95**

	34
	ICMA 21999 x HTP-03/13 R
	3.88
	-8.02
	3.33
	28.77**
	26.13**
	45.45**

	35
	ICMA 21999 x ICMR 06222
	29.55**
	23.40**
	38.63**
	37.84**
	32.24**
	59.18**

	36
	ICMA 21999 x ICMR 14222
	-6.05
	-13.60
	15.65
	18.92**
	16.12**
	28.42**

	37
	ICMA 21999 x ICMR 1203
	8.18
	4.08
	26.50**
	-1.99
	-10.86**
	20.37**

	38
	ICMA 21999 x ICMR 1907
	15.16
	8.18
	21.53*
	21.20**
	17.83**
	30.31**

	39
	ICMA 21999 x ICMR 19555
	6.71
	4.09
	16.94
	13.48**
	-0.54
	46.08**

	40
	ICMA 21999 x ICMR 18777
	39.34**
	17.68*
	32.20**
	26.80**
	21.83**
	34.73**

	41
	97111 A x H 77/833-2-202R
	24.82*
	5.53
	12.34
	25.47**
	2.99
	46.87**

	42
	97111 A x HTP-03/13 R
	30.48**
	18.31*
	25.95**
	14.98**
	3.98
	48.29**

	43
	97111 A x ICMR 06222
	11.13
	8.64
	15.65
	15.66**
	6.64**
	52.08**

	44
	97111 A x ICMR 14222
	15.07
	3.30
	38.27**
	0.13
	-12.94**
	24.16**

	45
	97111 A x ICMR 1203
	28.23**
	20.27*
	46.17**
	-19.89**
	-22.01**
	11.22**

	46
	97111 A x ICMR 1907
	48.39**
	43.01**
	52.24**
	1.92
	-11.73**
	25.89**

	47
	97111 A x ICMR 19555
	18.97*
	18.76*
	26.87**
	-19.89**
	-21.05**
	15.95**

	48
	97111 A x ICMR 18777
	46.80**
	26.77**
	34.96**
	10.19**
	-5.53*
	34.73**

	Range 
	-7.43 to 76.03
	-19.87 to 50.08
	-9.55 to 64.74
	-19.89 to 40.59
	-22.01 to 38.53
	5.38 to 72.11

	Significant Heterosis
	32
	24
	35
	39
	40
	46

	No. of +ve significant 
	32
	23
	35
	32
	22
	46

	No. of  -ve significant
	0
	1
	0
	7
	18
	0


* and** at 5 per cent and 1 per cent levels, respectively.




















	Table 5
	:
	Estimates of heterosis in percentage in F1 hybrid over mid parent, better parent and standard check GHB 1129 for Test Weight (gm) and Grain yield/plant(g)  in pearl millet

	Sr. No.
	Hybrids
	Test Weight (gm)
	Grain yield/plant (g)

	
	
	MP
	BP
	SC
	MP
	BP
	SC

	1
	47 A x H 77/833-2-202R
	-25.59**
	-40.76**
	-12.38**
	169.97**
	162.36**
	87.68**

	2
	47 A x HTP-03/13 R
	-38.87**
	-48.85**
	-24.36**
	35.73**
	-9.64
	84.05**

	3
	47 A x ICMR 06222
	-14.15**
	-40.22**
	-11.58**
	71.00**
	67.22**
	18.11

	4
	47 A x ICMR 14222
	-10.54**
	-32.39**
	0.00
	233.14**
	231.21**
	123.57**

	5
	47 A x ICMR 1203
	-21.03**
	-40.22**
	-11.58**
	213.40**
	207.02**
	116.04**

	6
	47 A x ICMR 1907
	-32.26**
	-40.49**
	-11.98**
	110.48**
	105.01**
	38.40**

	7
	47 A x ICMR 19555
	-31.85**
	-40.22**
	-11.58**
	186.39**
	149.22**
	127.24**

	8
	47 A x ICMR 18777
	-21.17**
	-40.22**
	-11.58**
	9.42
	9.21
	-25.99**

	9
	94555 A x H 77/833-2-202R
	-31.13**
	-35.27**
	-35.53**
	87.99**
	82.82**
	38.40**

	10
	94555 A x HTP-03/13 R
	0.40
	0.40
	0.00
	7.45
	-26.31**
	50.10**

	11
	94555 A x ICMR 06222
	56.71**
	24.05**
	23.56**
	241.69**
	230.24**
	149.99**

	12
	94555 A x ICMR 14222
	-13.21**
	-23.65**
	-23.96**
	33.88*
	25.95*
	-4.65

	13
	94555 A x ICMR 1203
	-13.86**
	-24.05**
	-24.36**
	309.44**
	295.02**
	199.03**

	14
	94555 A x ICMR 1907
	5.47*
	-0.36
	11.58**
	13.41
	4.64
	-20.80*

	15
	94555 A x ICMR 19555
	17.39**
	11.09**
	23.96**
	230.16**
	202.14**
	175.46**

	16
	94555 A x ICMR 18777
	-0.45
	-12.02**
	-12.38**
	269.17**
	249.83**
	164.81**

	17
	ICMA 14222 x H 77/833-2-202R
	50.91**
	41.46**
	23.96**
	306.51**
	297.64**
	184.44**

	18
	ICMA 14222 x HTP-03/13 R
	27.52**
	12.83**
	12.38**
	141.97**
	61.62**
	229.19**

	19
	ICMA 14222 x ICMR 06222
	84.59**
	62.24**
	24.36**
	369.78**
	362.43**
	226.58**

	20
	ICMA 14222 x ICMR 14222
	77.98**
	76.82**
	35.53**
	393.17**
	387.07**
	233.21**

	21
	ICMA 14222 x ICMR 1203
	15.29**
	14.84**
	-11.98**
	380.22**
	373.57**
	233.21**

	22
	ICMA 14222 x ICMR 1907
	19.15**
	0.36
	12.38**
	108.84**
	102.09**
	38.28**

	23
	ICMA 14222 x ICMR 19555
	18.98**
	0.36
	11.98**
	196.82**
	159.77**
	136.84**

	24
	ICMA 14222 x ICMR 18777
	14.47**
	14.32**
	-12.38**
	194.17**
	192.78**
	100.32**

	25
	ICMA 15666 x H 77/833-2-202R
	13.15**
	12.64**
	-0.40
	167.90**
	164.00**
	88.85**

	26
	ICMA 15666 x HTP-03/13 R
	13.16**
	6.81**
	6.39**
	4.10
	-30.20**
	42.18**

	27
	ICMA 15666 x ICMR 06222
	28.34**
	6.32*
	-5.99*
	362.40**
	358.56**
	223.84**

	28
	ICMA 15666 x ICMR 14222
	72.51**
	60.05**
	41.52**
	386.34**
	376.78**
	231.14**

	29
	ICMA 15666 x ICMR 1203
	58.50**
	47.40**
	30.34**
	374.98**
	371.90**
	232.04**

	30
	ICMA 15666 x ICMR 1907
	-18.53**
	-27.09**
	-18.37**
	163.35**
	153.00**
	75.74**

	31
	ICMA 15666 x ICMR 19555
	29.94**
	16.46**
	29.95**
	298.38**
	250.93**
	219.94**

	32
	ICMA 15666 x ICMR 18777
	-15.01**
	-20.77**
	-29.95**
	309.48**
	304.49**
	180.93**

	33
	ICMA 21999 x H 77/833-2-202R
	29.02**
	20.50**
	5.59*
	182.89**
	178.00**
	98.87**

	34
	ICMA 21999 x HTP-03/13 R
	-20.23**
	-29.66**
	-29.95**
	3.67
	-30.59**
	41.40**

	35
	ICMA 21999 x ICMR 06222
	3.87
	-8.40**
	-30.34**
	113.04**
	110.68**
	48.81**

	36
	ICMA 21999 x ICMR 14222
	39.21**
	38.85**
	5.59*
	-5.36
	-6.97
	-35.74**

	37
	ICMA 21999 x ICMR 1203
	55.12**
	55.12**
	17.97**
	364.18**
	359.89**
	223.61**

	38
	ICMA 21999 x ICMR 1907
	-13.16**
	-27.09**
	-18.37**
	202.25**
	191.15**
	101.10**

	39
	ICMA 21999 x ICMR 19555
	25.32**
	5.37*
	17.57**
	159.09**
	127.67**
	107.57**

	40
	ICMA 21999 x ICMR 18777
	54.71**
	54.31**
	17.97**
	85.17**
	83.43**
	26.69**

	41
	97111 A x H 77/833-2-202R
	0.38
	-14.45**
	6.39**
	141.24**
	67.21**
	209.68**

	42
	97111 A x HTP-03/13 R
	-26.74**
	-34.03**
	-17.97**
	-61.20**
	-62.96**
	-24.55*

	43
	97111 A x ICMR 06222
	-10.50**
	-34.35**
	-18.37**
	-47.74**
	-63.90**
	-33.13**

	44
	97111 A x ICMR 14222
	18.36**
	-4.82*
	18.37**
	155.76**
	73.95**
	222.17**

	45
	97111 A x ICMR 1203
	29.28**
	4.17*
	29.55**
	179.39**
	92.77**
	257.01**

	46
	97111 A x ICMR 1907
	-0.17
	-5.14**
	17.97**
	171.19**
	82.44**
	237.89**

	47
	97111 A x ICMR 19555
	19.97**
	13.80**
	41.52**
	154.12**
	89.61**
	251.16**

	48
	97111 A x ICMR 18777
	29.03**
	4.17*
	29.55**
	166.74**
	82.16**
	237.38**

	Range 
	-38.87 to 84.59
	-48.85 to 76.82
	-35.53 to 41.52
	-61.20 to 393.17
	-63.90 to 387.07
	-35.74 to 257.01

	Significant Heterosis
	43
	43
	45
	42
	44
	46

	No. of +ve significant 
	26
	21
	24
	40
	39
	41

	No. of  -ve significant
	17
	22
	21
	2
	5
	5


* and** at 5 per cent and 1 per cent levels, respectively.







	Table 6
	:
	Estimates of heterosis in percentage in F1 hybrid over mid parent, better parent and standard check GHB 1129 for Harvest index (%) and Seed set (%) in pearl millet

	   Sr. No.
	Hybrids
	Harvest index (%)
	Seed set (%)

	
	
	MP
	BP
	SC
	MP
	BP
	SC

	1
	47 A x H 77/833-2-202R
	56.73**
	12.91
	60.93**
	-0.19
	-1.12
	3.11

	2
	47 A x HTP-03/13 R
	1.76
	-8.13
	62.54**
	7.32**
	6.32*
	10.86**

	3
	47 A x ICMR 06222
	-22.82*
	-45.56**
	-22.41*
	-1.86
	-1.86
	2.33

	4
	47 A x ICMR 14222
	-25.94**
	-48.81**
	-27.05**
	0.19
	-0.37
	3.88

	5
	47 A x ICMR 1203
	31.94**
	-7.03
	32.52**
	2.06
	1.49
	5.82*

	6
	47 A x ICMR 1907
	-13.77
	-41.04**
	-15.97
	-2.82
	-4.09
	0.00

	7
	47 A x ICMR 19555
	5.06
	4.27
	50.88**
	1.25
	-2.41
	9.69**

	8
	47 A x ICMR 18777
	-13.05
	-31.16**
	-1.89
	-2.89
	-5.61*
	4.27

	9
	94555 A x H 77/833-2-202R
	41.17**
	1.66
	45.11**
	4.49
	3.33
	8.14**

	10
	94555 A x HTP-03/13 R
	-46.89**
	-52.02**
	-15.12
	6.37*
	5.19*
	10.08**

	11
	94555 A x ICMR 06222
	-4.41
	-32.60**
	-3.80
	-3.90
	-4.07
	0.39

	12
	94555 A x ICMR 14222
	1.45
	-29.91**
	0.05
	7.09**
	6.30*
	11.25**

	13
	94555 A x ICMR 1203
	53.43**
	8.07
	54.26**
	2.99
	2.22
	6.98**

	14
	94555 A x ICMR 1907
	9.12
	-25.42**
	6.46
	-1.50
	-2.96
	1.56

	15
	94555 A x ICMR 19555
	-18.37**
	-18.92**
	17.33
	0.36
	-3.10
	8.92**

	16
	94555 A x ICMR 18777
	56.73**
	24.02**
	77.03**
	-5.23
	-7.72**
	1.94

	17
	ICMA 14222 x H 77/833-2-202R
	79.67**
	59.04**
	29.72**
	5.38*
	3.79
	6.21*

	18
	ICMA 14222 x HTP-03/13 R
	12.33
	-17.94**
	45.19**
	6.15*
	4.55
	6.98**

	19
	ICMA 14222 x ICMR 06222
	144.52**
	110.03**
	71.31**
	2.10
	-0.37
	3.88

	20
	ICMA 14222 x ICMR 14222
	150.63**
	109.02**
	70.49**
	3.45
	1.50
	4.66

	21
	ICMA 14222 x ICMR 1203
	139.15**
	105.10**
	67.30**
	7.66**
	5.64*
	8.92**

	22
	ICMA 14222 x ICMR 1907
	44.09**
	18.31**
	-3.51
	5.41*
	4.20
	5.82*

	23
	ICMA 14222 x ICMR 19555
	50.85**
	17.94**
	70.66**
	-1.10
	-6.90**
	4.66

	24
	ICMA 14222 x ICMR 18777
	32.56**
	31.29**
	9.18
	-1.66
	-6.67**
	3.11

	25
	ICMA 15666 x H 77/833-2-202R
	136.23**
	113.64**
	65.97**
	7.32**
	6.32*
	10.86**

	26
	ICMA 15666 x HTP-03/13 R
	13.52
	-18.32**
	44.52**
	-4.69
	-5.58*
	-1.56

	27
	ICMA 15666 x ICMR 06222
	148.41**
	117.82**
	69.22**
	5.58*
	5.58*
	10.08**

	28
	ICMA 15666 x ICMR 14222
	151.10**
	113.61**
	65.94**
	-2.06
	-2.60
	1.56

	29
	ICMA 15666 x ICMR 1203
	46.61**
	28.35*
	-0.30
	3.55
	2.97
	7.37**

	30
	ICMA 15666 x ICMR 1907
	38.45**
	15.90
	-9.97
	7.72**
	6.32*
	10.86**

	31
	ICMA 15666 x ICMR 19555
	8.88
	-16.34*
	21.06*
	-7.69**
	-11.03**
	0.00

	32
	ICMA 15666 x ICMR 18777
	99.21**
	92.65**
	60.21**
	3.25
	0.35
	10.86**

	33
	ICMA 21999 x H 77/833-2-202R
	122.87**
	121.90**
	39.42**
	1.11
	-1.44
	6.21*

	34
	ICMA 21999 x HTP-03/13 R
	-6.36
	-36.70**
	12.00
	1.85
	-0.72
	6.98**

	35
	ICMA 21999 x ICMR 06222
	105.16**
	99.02**
	23.96*
	-4.20
	-5.76*
	1.56

	36
	ICMA 21999 x ICMR 14222
	-3.14
	-9.20
	-43.46**
	-5.15*
	-7.19**
	0.00

	37
	ICMA 21999 x ICMR 1203
	191.99**
	182.75**
	76.10**
	3.68
	1.44
	9.31**

	38
	ICMA 21999 x ICMR 1907
	196.95**
	173.34**
	70.24**
	-5.56*
	-8.27**
	-1.17

	39
	ICMA 21999 x ICMR 19555
	59.75**
	14.26*
	65.33**
	-9.51**
	-11.38**
	-0.39

	40
	ICMA 21999 x ICMR 18777
	-20.87
	-30.80**
	-42.46**
	-3.02
	-4.21
	5.82*

	41
	97111 A x H 77/833-2-202R
	64.34**
	17.86**
	70.51**
	2.03
	-0.36
	6.98**

	42
	97111 A x HTP-03/13 R
	-68.48**
	-71.35**
	-49.32**
	-6.47**
	-8.66**
	-1.94

	43
	97111 A x ICMR 06222
	-50.85**
	-65.48**
	-50.06**
	2.20
	0.72
	8.14**

	44
	97111 A x ICMR 14222
	75.73**
	20.96**
	74.99**
	-0.55
	-2.53
	4.66

	45
	97111 A x ICMR 1203
	64.11**
	15.14*
	66.58**
	3.13
	1.08
	8.53**

	46
	97111 A x ICMR 1907
	57.81**
	7.47
	55.48**
	1.30
	-1.44
	5.82*

	47
	97111 A x ICMR 19555
	10.93
	10.92
	60.50**
	-1.59
	-3.79
	8.14**

	48
	97111 A x ICMR 18777
	35.02**
	6.31
	53.80**
	-9.61**
	-10.88**
	-1.56

	Range 
	-68.48 to 196.95
	-71.35 to 182.75
	-50.06 to 77.03
	-9.61 to 7.72
	-11.38 to 6.32
	-1.94 to 11.25

	Significant Heterosis
	34
	36
	36
	16
	19
	26

	No. of +ve significant 
	28
	21
	30
	10
	7
	26

	No. of  -ve significant
	6
	15
	6
	6
	12
	0


* and** at 5 per cent and 1 per cent levels, respectively.



