


Combining ability and heterosis analysis in rice under aerobic condition.




Abstract:
	
	To study the heterosis and combining ability of rice under aerobic condition, an experiment was taken up at SCS college of Agriculture, Assam Agricultural University, Dhubri, Assam, India, with ten traditional upland genotypes and five HYVs of rice. Both additive and dominance gene effects were found to be important in the inheritance of seventeen traits in Line x Tester analysis. Based on General Combining Ability (GCA) estimate three genotypes each from line and tester were identified as good general combiner, while six crosses were identified with high specific combining ability (SCA) effect for increasing number of characters. Days to anthesis, days to maturity, plant height and height growth rate were found to have significant SCA and heterobeltiosis in favourable direction in higher number of crosses. Four crosses viz. Aus Jaria/ IR 36, Kasalath/IR 36, Dimrow/KMJ-13A-6-1-2 and Tamdao/IR36 recorded heterobeltiosis for maximum number of characters (4 each). Plant height, proline content, and the number of productive tillers were shown to be highly responsive to improvement based on genetic characteristics calculated from the Line x Tester experiment. In contrast, proline content, root shoot ratio, number of productive tillers, and grain yield were found to have significant genetic variability. 
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Introduction:
	Diminishing water resources in agriculture pose a great challenge for cultivating water demanding crops like rice.  Exploring new avenues for cultivation of such crops is the need of the hour. Aerobic rice- a term coined by the International Rice Research Institute (IRRI) describe a type of high-yielding input responsive rice capable of cultivating on unsaturated, puddle-free, non-flooded soil both in irrigated or rainfed ecosystem; is considered as an emerging strategy to address the problem of limiting water resource. Cultivation of aerobic rice is possible in areas with sufficient rainfall to bring the soil moisture content near to field capacity under rainfed condition; and in water deficit areas where irrigation is present but the water supply is insufficient for producing lowland rice.
	Availability of suitable cultivars is the determining factor in success in aerobic rice cultivation. Compared with lowland rice breeding, the aerobic rice breeding program is extremely small and the genetic basis is very narrow. The current ideotype of aerobic rice is that it should combine certain traits found in germplasm adapted to the irrigated environment with other traits found in upland germplasm (Okami et al., 2012). To combine these traits, breeders have to overcome the potential antagonisms between them. Discovery of the genes, pathways and regulatory networks underlying the above traits would greatly aid the breeding programme (Lafitte and Bennett, 2002). 
	The success of a plant breeding programme greatly depends on correct choice of parents for hybridization and the information on gene action involving different economic and drought tolerant traits. Combining ability analysis provides such information so as to frame the breeding programme effectively (Dwivedi and Pandey, 2012). Among the different methods adopted, the Line x Tester analysis has been recommended for early evaluation of parents, because of its simplicity in both experimentation and analysis (Dhillion, 1975). Combing ability analysis is extremely useful in studying the nature and magnitude of genotypic variability and to facilitate correct choice of parent in any breeding programme. The knowledge of gene effects operative in expression of adaptive traits help the plant breeder in making correct decision about breeding material and selection methods.
	In order to assess the combining ability and heterosis, ten indigenous rice genotype with putative drought tolerance ability were taken as lines along with five improved varieties as tester and an experiment was laid in Line x Tester design. 
Materials and methods:
	Ten traditional cultivars (both exotic and indigenous) with putative drought tolerance ability were used as line or female parents were crossed with five high yielding modern cultivars designated as tester or male parents during in 2018. In the following year, 50 F1 hybrids with their fifteen parents (10 lines and 5 testers) were raised in randomized block design with 2 replications under aerobic condition in a 3 m x 2 m plot with 25 cm x 15 cm spacing. The experiment was carried out at the experimental field of Sarat Chandra Sinha College of Agriculture, Assam Agricultural University, Dhubri, Assam, India. Data were recorded on 5 randomly sampled plants from each entry in each replication.  The plant characters studied were as follows - Plant height (PH), Height growth rates (HGR), Number of productive tillers (PT), Days to anthesis (DA), Days to maturity (DM), Harvest index (HI), Spikelet fertility (SF), Grain yield per plant (GY), Panicle harvest index (PHI), 100 grain weight (HGW), Relative water content (RWC), Root dry weight (RW), Shoot dry weight (SW), Root shoot ratio (RSR)¸ Root volume (RV), Proline content (Pro.) and Chlorophyll content (Chl.)
	Data recorded for plant traits were analyzed according to Analysis of variance (ANOVA) technique as outlined by Steel & Torrie (1980). Heterosis was estimated from mean values according to Fehr (1987). Combining ability analysis was done using line x tester method (Kempthorne, 1957).

Results and discussion:
	Analysis of variance (Table 1) in Line x Tester experiment revealed presence of considerable variability in the entries studied. There was significant differences due to interaction of line x tester for most of the characters indicated that both additive and non-additive genetic variance could be of importance, thereby opening the scope for exploitation of heterosis for these traits. These results corroborated the findings of Rahimi et al. (2010) and Jayasudha and Sharma (2009) where significant differences among parents vs. crosses were also found.
Table 1. Analysis of variance (ANOVA) for parents and F1s in Line x Tester experiment for the adaptive traits under aerobic condition
	Source 
	df
	Mean Sum of Squares
	
	
	
	
	
	
	
	

	
	
	PH
	HGR
	PT
	DA
	DM
	PHI
	SF
	GY
	HI
	HGW
	RWC
	RW
	SW
	RSR
	RV
	Pro.
	Chl.

	Replication
	1
	22.36
	0.00
	0.21
	0.93
	0.19
	0.007
	12.74
	0.53
	0.0103**
	0.038
	25.94
	79.67
	171.58
	0.121**
	39.88
	12.31
	0.08*

	Entries
	64
	440.44**
	0.04**
	29.30**
	79.91**
	157.77**
	0.004*
	85.71**
	7.57**
	0.007**
	0.057**
	33.80**
	124.20**
	311.32**
	0.034**
	522.34
	739.44**
	0.11**

	Parents
	14
	840.66**
	0.08**
	31.17**
	142.06**
	242.85**
	0.004
	76.21**
	8.84**
	0.0053**
	0.071**
	37.47**
	153.03**
	215.91**
	0.026*
	543.06
	1995.12**
	0.21**

	Lines (L)
	9
	530.93**
	0.05**
	27.32**
	160.01**
	286.83**
	0.003
	71.61**
	2.76
	0.0028
	0.062**
	21.53
	165.74**
	228.59**
	0.032**
	545.38
	2235.34**
	0.08**

	Testers (T)
	4
	757.29**
	0.04**
	15.50**
	135.35**
	190.10**
	0.005
	63.35*
	15.04**
	0.0081*
	0.073**
	77.73**
	141.01**
	232.84**
	0.011
	673.40
	1354.90**
	0.33**

	Linesvs. Testers
	1
	3961.75*
	0.46**
	128.48**
	7.35
	58.02*
	0.000
	169.01**
	38.72**
	0.0161**
	0.147**
	19.83
	86.74
	34.01
	0.030
	0.82
	2394.02
	0.83**

	Hybrids
	49
	315.05**
	0.03**
	29.36**
	62.78**
	127.38**
	0.004*
	82.73**
	6.91*
	0.007**
	0.054**
	31.97**
	101.84**
	338.11**
	0.028**
	174.10
	391.05
	0.08**

	Lines  in hybrids
	9
	1093.11**
	0.08**
	93.48**
	112.52**
	207.61**
	0.003
	57.42*
	7.24
	0.0159*
	0.143**
	32.98*
	202.49**
	858.70**
	0.094**
	305.57
	976.42*
	0.04*

	Testers  in hybrids 
	4
	503.70**
	0.02**
	28.87**
	175.89**
	391.78**
	0.025**
	513.52**
	29.83**
	0.024**
	0.100**
	103.44**
	537.61**
	1492.06**
	0.010
	680.26
	1388.47**
	0.68**

	L X T
	36
	99.58**
	0.01**
	13.39**
	37.78**
	77.94**
	0.002
	41.20*
	4.28
	0.0022
	0.027**
	23.78*
	28.26
	79.74*
	0.013
	84.99
	133.89
	0.03

	Parents vs Crosses
	1
	981.50**
	0.26**
	0.01**
	49.19**
	455.61**
	0.025**
	364.32**
	22.5**
	0.0315
	0.000
	71.82*
	815.80**
	334.68**
	0.455**
	17295.74
	230.92**
	0.03

	Error 
	64
	15.71
	0.00
	4.10
	5.85
	6.74
	0.003
	22.61
	3.16
	0.0016
	0.013
	14.94
	33.93
	43.97
	0.013
	122.58
	53.92
	0.02


*p<0.5 ; **p<0.010

	GCA estimations revealed (Table 2) that all of the lines and testers in the study were determined to be good combiners for most of the traits, with the exception of panicle harvest index and root shoot ratio, respectively. It was inferred that variety Dehangi (1.34) was a good combiner for grain yield, whereas Tamdao (-1.40) was a poor combiner for that character. Among the lines Banglami, Nagina-22, and Tamdao were identified as good general combiners based on their overall GCA effects in desirable and undesirable directions. Out of all the 5 testers, only Gopinath was identified as good general combiner for improvement of grain yield. However, Luit and IR-36 were also observed to be good general combiners for other characters.  These identified good general combiners might be extensively used in future rice breeding programme. However, it is likely that desirable segregants with fixable epistatic gene effects might arise from cross combinations involving good combiner with predominance of additive gene effects and relatively poor combiner.  Such observations were reported by Sala et al (2016) and Damodar Raju et al. (2014). Population improvement i.e. mass selection with concurrent random mating in early segregating generation (Redden and Jensen 1974) could be perspective breeding procedure for yield improvement in rice.
Table 2. Estimate of general combining ability (GCA) of parents in Line x Tester experiment
	
	 Genotype 
	DA
	DM
	PH 
	HGR
	PT
	PHI
	SF
	GY
	HI
	HGW
	RWC
	Pro.
	Chl.
	RW
	SW
	RSR
	RV

	Lines
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Nagina-22 
	3.0**
	2.51**
	11.5**
	0.08*
	0.2
	-0.005
	-2.37
	0.34
	-0.07*
	-0.01
	-1.02
	16.93**
	-0.09
	2.10
	20.36**
	-0.11**
	9.41**

	2
	Inglongkiri
	-0.64
	-3.99**
	4.8**
	0.09**
	0.4
	0.027
	0.43
	0.20
	0.02
	-0.15**
	-0.62
	8.13**
	0.03
	-4.70*
	-4.04
	-0.05
	0.51

	3
	AusJaria
	0.46
	0.21
	8.7 **
	0.08**
	2.0**
	-0.005
	-2.07
	-0.50
	-0.02
	-0.12**
	0.14
	-5.17 *
	0.04
	-1.73
	0.63
	-0.05
	-1.49

	4
	Banglami
	-2.24**
	-3.59**
	-1.24
	0.04*
	3.5**
	0.018
	2.93
	0.58
	-0.04*
	0.002
	-0.11
	-7.57**
	0.09*
	4.88*
	9.74 **
	-0.02
	8.51*

	5
	Kasalath
	0.66
	-0.49
	-11.0**
	-0.10*
	2.4**
	-0.003
	2.43
	-1.28*
	-0.03*
	-0.13**
	3.09*
	-12.6**
	0.02
	4.12*
	-0.56
	0.06
	1.91

	6
	Dimrow
	4.16**
	7.21**
	2.7 *
	-0.05*
	-5.7 **
	-0.006
	-3.67*
	-0.09
	-0.01
	-0.067
	-1.33
	0.73
	-0.12**
	-2.62
	1.71
	-0.07
	-5.19

	7
	Tamdeo
	-5.14**
	-6.99**
	-23.9**
	-0.16*
	-1.9**
	-0.032
	0.13
	-1.40*
	0.02
	0.20**
	0.33
	-2.37
	-0.002
	4.61*
	-10.07**
	0.21**
	0.01

	8
	Koimurali
	-2.84**
	-0.09
	-1.4
	-0.01
	2.8**
	0.005
	3.13*
	0.24
	0.02
	0.09*
	2.10
	-5.07*
	0.05
	-6.36**
	-4.17
	-0.08*
	-7.49*

	9
	Guni
	-2.64**
	-1.69*
	6.1**
	0.08*
	-4.3**
	0.009
	-1.77
	0.58
	0.07*
	0.12**
	0.84
	-7.07**
	-0.05
	-4.82*
	-10.81**
	0.02
	-4.79

	10
	Dehangi
	5.26**
	6.91**
	3.7**
	-0.04*
	0.61
	-0.007
	0.83
	1.34*
	0.04*
	0.071
	-3.42**
	14.13**
	0.03
	4.56*
	-2.79
	0.10*
	-1.39

	
	Tester
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Luit
	-0.34
	0.46
	0.7
	0.004
	-0.55
	0.027*
	3.18**
	0.45
	-0.004
	-0.01
	1.45
	13.93**
	0.07*
	-0.97
	1.96
	-0.03
	-3.69

	2
	IR-36
	-1.64**
	-4.04**
	-0.1
	0.05*
	0.78
	-0.018
	-0.37
	-0.67
	-0.06*
	0.09**
	0.94
	-1.77
	0.10**
	7.0**
	10.54 **
	0.02
	8.46**

	3
	KMJ-13A-6-1-2
	-3.89**
	-4.94**
	-8.4**
	-0.03*
	-1.64**
	-0.05**
	-8.57**
	-1.55**
	0.03*
	-0.009
	-3.50**
	-8.32**
	-0.20**
	-7.23**
	-12.93**
	-0.01
	-6.59*

	4
	Gopinath
	3.01**
	3.5**
	3.5**
	-0.006
	1.47**
	0.011
	1.78
	1.71**
	0.04**
	-0.10**
	2.11*
	-0.52
	0.21**
	-0.83
	-2.63
	0.008
	-0.79

	5
	Sahabhagi
	2.86**
	5.01**
	4.3**
	-0.02
	-0.06
	0.03**
	3.98 **
	0.051
	-0.01
	0.027
	-0.99
	-3.32 *
	-0.18**
	2.05
	3.06*
	0.018
	2.61

	
	Std. Error of
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	GCA(Line)
	0.77
	0.82
	1.25
	0.02
	0.64
	0.02
	1.50
	0.601
	0.013
	0.04
	1.22
	2.32
	0.04
	1.84
	2.10
	0.04
	3.50

	
	GCA(Tester)
	0.54
	0.58
	0.89
	0.01
	0.45
	0.01
	1.06
	0.425
	0.009
	0.03
	0.86
	1.64
	0.03
	1.30
	1.48
	0.03
	2.48

	
	Gi- Gj(Line)
	1.08
	1.16
	1.77
	0.02
	0.91
	0.02
	2.13
	0.8499
	0.018
	0.05
	1.73
	3.28
	0.06
	2.61
	2.97
	0.05
	4.95

	
	Gi -Gj(Tester)
	0.77
	0.82
	1.25
	0.02
	0.64
	0.02
	1.50
	0.601
	0.0127
	0.04
	1.22
	2.32
	0.04
	1.84
	2.10
	0.04
	3.50


*p<0.5 ; **p<0.01
	Significant desirable SCA effects (Table 3) were recorded in nearly 50% (26 out of 50) of cross combinations suggesting potentiality in improvement of characters. Nagina 22 x Sahabhagi, Aus Jaria x Luit, Banglami x IR-36, Guni x Luit and Guni x Gopinath exhibited significant favorable SCA effects for increased number of characters, indicating importance of these cross combinations in future breeding programme exploiting heterosis. Amongst all the crosses Banglami x IR-36 exhibited high SCA for most of the characters indicating the role of additive x additive gene effects. The best cross combination was observed to vary from character to character. Similar results were reported earlier by Veeresha et al. (2013).
	Significant SCA effects even for many yield components were not associated with significant SCA effect for grain yield.  Similarly, good general combiners for yield components among parents did not exhibit high GCA effect for grain yield. This could be due to yield component compensation and negative correlations, which arise in response to competition between developmentally flexible yield components or component complementation between the two parents. This result is in complete agreement with Hariprasanna et al. (2006).
	Based on the SCA estimates, none of the cross combinations exhibited significant SCA in desirable direction for all the studied characters indicating that no specific combination was desirable for all traits. These results are in complete agreement with the findings of Tiwari et al. (2011) and Prajapati and Mistry (2014).
[image: ]	The proportional contribution of lines, testers and their interaction to the total variance (Figure 1) indicated a predominant line influence for traits. Lines played an important role towards number of number of productive tillers (58.47), height growth rate (54.9), 100 grain weight (48.42), proline content (45.86), harvest index (41.23) shoot weight (46.65) and root shoot ratio (62.4). Results corroborated with the Rashid et al. (2007) and Rahman (2016). Lines being used as female could be a pointer towards predominant maternal influence for these traits (Showkat et al., 2015). Contribution of interaction of line and tester was found to be higher than both individual line and tester for five number of characters (days to anthesis, days to maturity, harvest index and relative water content) indicating higher estimates of SCA variance effects. The proportional contribution of line and tester interaction was highest in relative water content (54.64) followed by grain yield (45.49) and days to maturity (44.95) indicating preponderance of non-additive gene action. Showkat et al. (2015) also reported similar findings for effective tillers and grain yield. 
	Commercial exploitation of hybrid vigor is feasible only if the vigor is in excess of better parent. The estimates of better parent heterosis (heterobeltiosis) are presented in Table 3. The degree of heterosis was found to vary with crosses and characters. Alam et al. (2004), Singh and Babu (2012) also observed the varying degree of heterosis for yield and its related traits in upland rice. 
	Estimation of heterobelteiosis (table 3) revealed that 42 crosses exhibited significant heterobelteiosis in favourable direction for one or more characters. Similarly 11 characters registered positive heterobelteiosis for one or more crosses. Five crosses (Aus Jaria x IR 36; Kasalth x  IR 36; Dimrow x KMJ-13A-6-1-2; Tamdao x IR36 and Dehangi x KMJ-13A-6-1-2) exhibited favorable heterobeltiosis for maximum number (4 each) of characters.  Fourteen crosses were detected to have favourable heterobeltiosis for 3 numbers of characters each. Two crosses (Banglami x Luit and Dehangi x Luit) recorded significant positive heterosis with maximum number of characters (3 each). Favorable heterobelteiosis was recorded for days to maturity in highest number of crosses (37) followed by days to anthesis (26), plant height (14) and height growth rate (8). 
	One cross (Dehangi x Luit) was observed to be have positive average heterosis for the highest number of characters (6), followed by Nagina 22 x Gopinath, Tamdao x Gopinath and Koimurali x Sahabhagi with 5 characters each. Total 8 crosses recorded heterosis for 4 characters.

	Conclusion: 
	Success of plant breeding programme for developing aerobic rice varieties largely depends on knowledge of genetic variability and nature of gene action involved. The investigation succeeded in assessing the genetic variability in the material tested and also identified few promising genotypes and crosses. Genotypes like Banglami, Nagina 22, and Tamdao were identified with their outstanding combining ability to be included as parents in future breeding programme. Characters like number of productive tillers and spikelet fertility could effectively be exploited as indirect selection indices for bringing about desired genetic improvement in aerobic rice. Favourable heterosis was observed in various adaptive characters in number of cross combination like Aus Jaria x IR 36, Kasalath x IR 36, Dimrow x KMJ-13A-6-1-2 and Tamdao x IR 36 and offered scope for exploiting heterosis breeding. 
	



	
Table  3 .Estimate of specific combining ability (SCA) and Heterosis estimation over better parent of hybrids in Line x Tester experiment

	RV
	-6.91
	-35.95*
	10.94
	-26.85*
	4.49
	-24.84
	1.69
	-25.31
	-10.21
	-32.03*
	10.49
	-5.74
	-3.16
	-48.15*
	0.39
	-34.56*
	-4.41
	-43.83*
	-3.31
	-29.58
	0.99
	-50.27*
	2.84
	-44.44*
	-3.61
	-58.38*
	-8.41
	-57.30*
	8.19
	-35.68*
	4.49
	-16.78
	0.84
	-37.04*
	Continue…

	
	RSR
	-0.025
	-27.66
	0.07
	-11.19
	0.03
	-11.38
	-0.04
	-21.29
	-0.03
	-18.79
	0.007
	23.1
	0.13
	10.56
	0.03
	20.82
	-0.04
	5.02
	-0.12
	-7.86
	0.06
	40.28
	0.03
	-6.1
	0.002
	14
	-0.07
	-0.25
	-0.03
	18.3
	0.01
	35.07
	0.04
	1.91
	

	
	SW
	6.21
	7.74
	-7.57
	1.4
	-8.16
	-27.94*
	3.35
	-1.34
	6.16
	9.02
	-0.08
	-5.99
	-5
	-16.41
	-2.23
	-27.99*
	-0.88
	-7.31
	8.18
	-7.38
	1.35
	-11.03
	-2.03
	-6
	4.94
	-26.79*
	-6.83
	-28.83*
	2.58
	-8.67
	4.28
	1.36
	-8.78
	-4.63
	

	
	RW
	-0.6
	-21.22
	1.09
	-0.6
	0.21
	-35.31*
	-1.19
	-22.36
	0.49
	-10.65
	0.43
	13.95
	4.49
	-8.99
	1.2
	-1.22
	-2.6
	-3.87
	-3.53
	-14.49
	4.28
	35.71
	0.33
	-11.93
	2.43
	0.88
	-6.64
	-10.45
	-0.4
	7.3
	2.4
	50.04*
	-1.95
	-1.26
	

	
	Chl.
	-0.2*
	-44.59*
	0.03
	-28.01*
	0.17
	-7.08
	0.07
	-17.82*
	-0.07
	-5.51
	0.05
	-24.86*
	-0.07
	-27.73*
	-0.007
	-12.08
	0.1
	-9.2
	-0.08
	-15.55
	-0.08
	-31.08*
	0.15
	-14.29
	0.03
	-7.92
	-0.29
	-30.75*
	0.18
	13.33
	0.05
	-21.35*
	0.18
	-9.52
	

	
	Pro.
	22.47*
	-11.89
	-11.83*
	-55.95*
	4.22
	-47.58*
	-15.08*
	-57.71*
	0.22
	-46.70*
	2.77
	-14.37
	-0.03
	-27.40*
	6.52
	-27.40 *
	-8.78
	-37.67*
	-0.48
	-30.14*
	-11.93*
	-47.90*
	-3.23
	-44.70*
	7.32
	-38.64*
	1.52
	-35.61*
	6.32
	-32.58*
	-1.03
	-37.72*
	2.17
	-9.2
	

	
	RWC
	-5.18
	-8.54
	4.67
	2.07
	0.08
	-8.19
	-1.89
	-8.39
	2.32
	-7.52
	-0.97
	-5.36
	-4.3
	-9.58*
	1.13
	-8.53
	2.24
	-3.47
	1.87
	-7.58
	-5.28
	-6.54
	1.09
	0.19
	0.55
	-5.53
	4.98
	0.33
	-1.34
	-10.22*
	3.3
	3.6
	-0.68
	-1.58
	

	
	HGW
	-0.026
	-15.05*
	0.023
	-7.05
	0.025
	-10.24
	-0.031
	-3.45
	0.009
	6.28
	0.019
	-20.25*
	0.005
	-18.70*
	-0.011
	-9.2
	0.014
	-9.09
	-0.027
	3.55
	-0.026
	-15.81*
	0.037
	-10.14*
	-0.015
	-14.68*
	0.038
	-9.67
	-0.034
	2.07
	0.014
	-4.86
	0.044
	-11.81*
	

	
	HI
	-1.11
	-39.53*
	-1.39
	-11.86
	1.16
	-3.18
	-0.58
	-41.88*
	1.92
	-14.5
	1.26
	7.33
	-0.76
	-8.28
	-1.75
	15.54
	0.3
	-5.04
	0.94
	-2.37
	-1.3
	-21.11
	1.63
	23.45
	0.93
	0.94
	0.12
	-7.98
	-1.38
	-11.04
	1.78
	-14.49
	0.12
	15.9
	

	
	GY
	-0.126
	-12.4
	0.095
	-6.24
	-0.108
	5.28
	0.032
	-14.36
	0.108
	6.76
	-0.105
	0.67
	-0.05
	-1.16
	0.057
	-14.25
	-0.045
	-10.61
	0.143
	-0.03
	-0.032
	-18.36
	0.131
	15.96
	-0.094
	10.47
	-0.087
	-15.05
	0.083
	-18.27
	0.171*
	5.94
	-0.034
	12.83
	

	
	SF
	-1.88
	-14.21*
	-3.33
	-16.14*
	0.87
	-20.71*
	-0.48
	-15.14*
	4.82
	-2.82
	1.32
	-7.65
	-6.13
	-14.04*
	2.57
	-13.45*
	5.72
	-5.41
	-3.48
	-9.04
	-9.68*
	-22.40*
	-3.63
	-10.37
	5.07
	-7.5
	5.72
	-8.11
	2.52
	-5.08
	4.32
	-1.64
	2.37
	3.05
	

	
	PHI
	-0.012
	-2.85
	-0.032
	-18.26*
	0.03
	-7.18
	0.002
	-3.03
	0.012
	-1.51
	0.03
	6.32
	-0.034
	-15.11*
	-0.033
	-10.55
	0.033
	4.83
	0.004
	1.28
	0.026
	2.09
	0.027
	-11.97*
	-0.014
	-11
	-0.025
	-4.59
	-0.015
	-4.65
	0.042
	-0.5
	-0.047
	-17.50*
	

	
	PT
	-3.32*
	-42.83*
	-4.10*
	-31.44*
	1.07
	-17.9
	1.86
	-3.16
	4.49*
	42.23*
	-2.37
	-37.44*
	3.4*
	8.51
	-2.28
	-33.76*
	1.16
	-5.34
	0.09
	14.19
	3.32*
	-4.93
	1.69
	7.73
	1.21
	-7.93
	-2.5
	-15.53
	-3.72
	-23.30*
	1.21
	-7.85
	1.43
	13.92
	

	
	HGR
	0.008
	4.59
	-0.04
	4.27
	0.04
	4.63
	-0.05
	-0.49
	0.04
	5.24
	0.043
	2.41
	-0.11*
	-6.13
	-0.05
	-6.74
	0.08*
	4.71
	0.03
	0
	0.18*
	29.21*
	-0.09*
	9.07*
	-0.1*
	1.59
	-0.03
	9.87*
	0.03
	13.88*
	-0.13*
	-20.22*
	0.10*
	-0.61
	

	
	PH
	-7.03*
	-9.20*
	13.2 *
	4.41
	-3.7
	-13.18*
	0.93
	-1.64
	-3.37
	-4.09
	10.8*
	-0.21
	1.9
	-7.64*
	-2.66
	-16.10*
	-4.5
	-9.06*
	-4.7
	-8.60*
	4.3
	-1.56
	-4.58
	-8.43*
	-4.61
	-14.30*
	4.5
	0.6
	0.4
	-1.74
	0.1
	-0.04
	-0.61
	-1.23
	

	
	DM
	-6.46*
	-12.93*
	13.54*
	-5.28*
	-5.56*
	-16.81*
	4.49*
	-0.86
	-6.01*
	-8.62*
	4.54*
	-2.76
	10.04*
	-13.41*
	1.94
	-10.14*
	-10.01*
	-17.90*
	-6.51*
	-13.91*
	-10.66*
	-23.48*
	3.34
	-15.79*
	4.74*
	-15.38*
	5.29*
	-8.10*
	-2.71
	-13.36*
	10.64*
	13.13*
	-7.86*
	-27.64*
	

	
	DA
	-2.86
	-0.67
	7.44*
	-4.05
	-3.81*
	-6.71*
	4.29*
	1.81
	-5.06*
	0
	0.74
	-5.73
	6.54*
	-9.25*
	1.29
	-9.55*
	-5.61*
	-14.46*
	-2.96
	-6.37*
	-7.36*
	-22.99*
	1.44
	-14.37*
	4.19*
	-13.79*
	4.79*
	-5.17
	-3.06
	-14.37*
	6.84*
	11.35*
	-4.86*
	-24.28*
	

	
	Cross
	1x 1
	1 x2
	1 x3
	1 x4
	1 x5
	2 x 1
	2 x 2
	2 x 3
	2 x 4
	2 x 5
	3 x 1
	3 x 2
	3 x 3
	3 x 4
	3 x 5
	4 x 1
	4 x 2
	




	Table  3 .Estimate of specific combining ability (SCA) and Heterosis estimation over better parent of hybrids in Line x Tester experiment

	RV
	-8.61
	-39.16*
	1.09
	-27.16
	2.19
	-11.19
	1.59
	-49.24*
	7.44
	-37.0*
	1.9
	-51.78*
	0.69
	-47.21*
	-11.71
	-56.35*
	-6.31
	-42.62*
	5.54
	-45.37*
	2.09
	-40.44*
	-0.71
	-46.30*
	-0.61
	-33.80*
	-3.01
	-44.94*
	-3.66
	-49.07*
	-2.61
	-48.10*
	4.59
	-33.33*
	Continue..

	
	RSR
	-0.13
	-9.91
	0.02
	28.55
	0.05
	47.04
	-0.01
	2.39
	0.03
	13.56
	0.004
	9.77
	0.05
	21.36
	-0.07
	1.25
	0.012
	20.14
	0.04
	-9.01
	0.08
	27.88
	-0.05
	0
	-0.08
	0.64
	0.005
	23.73
	-0.1
	13.83
	-0.04
	20.7
	0.04
	36.75
	

	
	SW
	4.25
	-18.59*
	6.57
	-1.71
	-6.32
	-11.35
	8.24
	10.93
	1.45
	-2.88
	1.51
	-23.60*
	-3.87
	-15.73
	-7.33
	-24.01*
	-10.42*
	-27.33*
	7.46
	8.41
	-1.94
	-36.10*
	-3.38
	-23.96*
	8.28
	-0.21
	-5.13
	-24.06*
	0.77
	-16.76
	3.6
	-29.09*
	2.29
	-13.31
	

	
	RW
	-5.4
	-7.93
	4.04
	57.35*
	0.89
	35.5
	3.66
	14.91
	3.08
	9.3
	-0.2
	-16.68
	0.27
	4.76
	-6.82
	-8.31
	-4.45
	1.12
	5.31
	-1.84
	4.17
	24.55
	-3.79
	-0.02
	-1.24
	1.12
	-1.43
	0.86
	-4.32
	-7.74
	-1.62
	-19.36
	3.29
	16.02
	

	
	Chl.
	-0.11
	-14.58
	-1
	-16.95*
	-0.03
	-0.89
	0.06
	-25.14*
	-0.02
	-25.21*
	-0.09
	-19.58
	0.07
	-11.78
	-0.01
	1.92
	-0.21*
	-47.30*
	0.08
	-27.17*
	0.07
	-17.92
	0.06
	-20.11*
	-0.002
	-13.49
	0.13
	-22.43*
	-0.15
	-33.61*
	0.02
	-14.92
	0.01
	-16.09*
	

	
	Pro.
	0.22
	-28.74
	-5.58
	-24.14
	4.22
	-8.05
	2.57
	-39.52*
	9.27
	56.60*
	3.82
	34.09
	-11.98*
	-12.24
	-3.68
	-8.47
	-6.33
	-34.13*
	8.87
	-2.68
	-6.58
	-41.96*
	6.12
	-5.36
	-2.08
	-25
	-5.73
	-37.13*
	-2.53
	-8.05
	-3.48
	-25.29
	10.22
	24.14
	

	
	RWC
	-0.7
	-6.72
	-2.19
	-7.73
	0.27
	-8.74*
	2.27
	5.99
	-2.71
	-0.33
	2.57
	0.63
	-4.88
	-7.18
	2.76
	-2.59
	3.14
	-4.87
	-3.87
	-12.95*
	-3.1
	-16.90*
	2.24
	-5.11
	1.6
	-9.14*
	0.48
	8.3
	1.79
	4.24
	0.45
	2.13
	1.42
	-3.33
	

	
	HGW
	0.002
	-11.58*
	-0.053
	-16.13*
	-0.006
	-16.28*
	-0.029
	-16.13*
	0.011
	-18.25*
	-0.024
	-9.51
	-0.004
	-3.74
	0.047
	-7.84
	0.017
	-9.59
	-0.013
	-11.16*
	0.006
	-7.84
	0.028
	-7.51
	-0.039
	0.27
	-0.028
	-3.03
	-0.007
	-1.79
	-0.015
	6.93
	0.006
	11.08
	

	
	HI
	1.8
	-0.56
	-1.73
	-39.50*
	-1.97
	-7.79
	0.03
	-25.4
	0.52
	2.1
	-0.5
	-5.43
	-1.11
	-22.27
	1.06
	20.35
	-1.6
	-2.5
	0.39
	1.89
	0.3
	12.36
	0.89
	-8.12
	0.01
	-9.09
	-2.47
	-8.59
	0.35
	-8.04
	-0.24
	14.98
	0.79
	-6.58
	

	
	GY
	0.009
	22.27
	-0.007
	-19.01
	-0.139
	-15.36
	-0.028
	-15.15
	-0.057
	2.13
	0.031
	-6.65
	0.134
	-25.33*
	-0.08
	-8.21
	0.056
	-17.69
	0.051
	9.93
	0.001
	6.35
	-0.099
	-9.06
	-0.009
	-7.33
	-0.061
	-30.50*
	0.012
	-1.49
	0.058
	-12.14
	0.082
	-16.28
	

	
	SF
	-1.93
	-10
	-5.78
	-15.14*
	1.02
	-1.13
	-0.68
	-7.65
	-2.63
	-11.73*
	3.07
	-14.53*
	3.22
	-5.95
	-2.98
	-7.26
	5.92
	-7.1
	-1.53
	-15.43*
	-2.83
	-26.29*
	-4.18
	-20.54*
	2.62
	-6.78
	-1.38
	-10.93*
	3.67
	0
	4.87
	-8.43
	-4.98
	-17.30*
	

	
	PHI
	0.001
	-13.79*
	0.008
	-6
	-0.004
	-4.95
	-0.003
	-1.19
	0.031
	-11.27
	-0.005
	-10.69
	-0.012
	-4
	-0.011
	-3.95
	-0.012
	-5.6
	0.007
	-14.14*
	-0.019
	-15.52*
	-0.002
	-6.35
	0.026
	-0.63
	-0.049
	-15.18*
	0.019
	-15.76*
	0.019
	-16.41*
	0.027
	-8.43
	

	
	PT
	-0.2
	-7.67
	-1.61
	-4.13
	-0.83
	28.38*
	1.72
	-10.54
	2.39
	13.14
	0.61
	-9.21
	-3.30*
	-17.72
	-1.42
	4.22
	0.21
	-53.36*
	-1.67
	-49.23*
	-1.1
	-59.08*
	1.04
	-35.68
	1.52
	-17.57
	1.08
	-32.29*
	1.95
	-10.82
	1.12
	-28.13*
	-1.59
	-29.85*
	

	
	HGR
	0.034
	-10.97*
	0.064
	-7.23
	-0.08*
	-17.99*
	-0.10*
	0.45
	0.08*
	22.41*
	0.021
	9.45
	-0.009
	8.64
	0.01
	2.97
	-0.05
	2.19
	-0.09*
	2.37
	0.09*
	11.86*
	0.01
	6.98
	0.03
	7.81
	-0.06
	3.7
	0.08*
	29.44*
	-0.18*
	-6.42
	0.09*
	14.79*
	

	
	PH
	5.5
	-2.94
	2.61
	4.26
	-7.6*
	-3.3
	-5.46
	-5.63
	6.37*
	3.94
	-3.11
	-11.40*
	-0.45
	1.17
	2.65
	-1.19
	0.42
	-2.61
	-12.4*
	-12.92*
	4.62
	-6.25*
	1.88
	0.64
	5.48
	3.98
	-10.98*
	-3.05
	0.55
	-8.41*
	-12.68*
	-9.36*
	9.03*
	1.89
	

	
	DM
	1.54
	-5.34*
	-3.91*
	-12.23*
	-0.41
	-8.26*
	4.54*
	-6.03*
	-1.46
	-19.92*
	-5.06*
	-18.97*
	0.49
	-6.90*
	1.49
	-4.74*
	4.84*
	-4.88*
	-3.16
	-15.04*
	-3.76*
	-16.26*
	0.29
	-6.10*
	1.79
	-3.66
	-5.46*
	-7.96*
	-6.46*
	-29.27*
	4.44*
	-5.83*
	0.99
	-10.92*
	

	
	DA
	2.39
	5.22
	-4.51*
	-15.06*
	0.14
	0
	1.94
	-2.55
	-3.26
	-19.08*
	-4.01*
	-14.65*
	4.09*
	-1.2
	1.24
	0.64
	6.44*
	-6.11*
	-1.76
	-16.67*
	-2.01
	-19.44*
	-1.91
	-11.67*
	-0.76
	-10.56*
	-3.26
	-7.09*
	-2.96
	-25.43*
	4.79*
	0
	-1.11
	-14.46*
	

	
	Cross
	4 x 3 
	4 x 4
	4 x 5
	5 x 1 
	5 x 2
	5 x 3
	5 x 4
	5 x 5
	6 x 1
	6 x 2
	6 x 3
	6 x 4
	6 x 5
	7 x 1
	7 x 2
	7 x 3
	7 x 4
	




	Table  3 .Estimate of specific combining ability (SCA) and Heterosis estimation over better parent of hybrids in Line x Tester experiment

	RV
	4.69
	-27.22
	-0.51
	-46.53*
	0.84
	-51.85*
	-3.61
	-54.86*
	-4.41
	-53.70*
	7.69
	-26.39
	1.79
	-43.87*
	-14.86
	-63.89*
	5.19
	-43.23*
	4.39
	-39.51*
	3.49
	-33.55*
	-2.61
	-57.50*
	-6.76
	-53.24*
	4.29
	-53.50*
	5.49
	-46.50*
	-0.41
	-49.00*
	Values in italics – heterosis estimates; Values in bold- SCA estimates

	
	RSR
	0.09
	48.88*
	-0.02
	6.76
	-0.04
	-25.66
	-0.03
	-1.98
	-0.04
	0.25
	0.13
	50.64
	-0.09
	15.63
	-0.08
	-14.38
	0.13
	61.09*
	-0.05
	21.45
	0.09
	66.49*
	0.05
	70.46*
	-0.11
	-4.37
	-0.08
	29.12
	0.18*
	96.69*
	-0.04
	52.71
	

	
	SW
	-1.53
	-29.13*
	0.45
	-5.36
	4.32
	-3.88
	-2.97
	-33.79*
	3.1
	-6.51
	-4.91
	-25.65*
	1.54
	-14.4
	7.14
	-9.09
	-0.83
	-27.48*
	4.42
	-7.54
	-12.27*
	-44.99*
	-6.44
	-14.32
	2.24
	-4.83
	1.81
	-23.31*
	-4.79
	-17.11
	7.17
	-7.05
	

	
	RW
	4.07
	27.45
	-1.4
	-2.04
	-2.31
	-29.84*
	-1.53
	-23.63
	0.16
	0.9
	5.07
	10.32
	-2.63
	-0.66
	-0.88
	-22.54
	4.16
	13.27
	0.82
	10.49
	-1.46
	-7.54
	-0.27
	51.02
	-4.84
	-9.3
	-3.45
	8.19
	5.62
	72.26*
	2.94
	41.52
	

	
	Chl.
	-0.01
	-16.13
	0.09
	-21.89*
	-0.04
	-24.65*
	0.04
	-21.68*
	-0.02
	-14.66
	-0.06
	-27.27*
	-0.02
	-32.97*
	-0.01
	-28.29*
	-0.13
	-27.92*
	0.11
	-12.93
	0.04
	-10.64
	0.14
	-20.54*
	-0.16
	-32.49*
	0.005
	-25.26*
	-0.02
	-16.38*
	0.04
	-21.75*
	

	
	Pro.
	1.52
	-2.3
	-4.53
	-38.92*
	-2.33
	41.51
	-2.28
	40.91
	5.42
	89.80*
	3.72
	42.37
	3.47
	-31.74*
	-3.33
	30.19
	-1.78
	34.09
	11.92*
	108.16*
	-10.28
	-11.86
	-1.73
	-29.81*
	2.97
	-40.38*
	-7.98
	-57.21*
	6.22
	-36.06*
	0.52
	-44.23*
	

	
	RWC
	-4.14
	-13.04*
	1.91
	6.97
	0.52
	4.73
	-0.73
	-1.98
	-6.32*
	-9.81*
	4.63
	-1.65
	-1.94
	-4.83
	5.08
	2.41
	-0.76
	-9.03*
	3.31
	-0.73
	-5.68*
	-14.16*
	2.28
	-3.36
	-1.61
	-8.34
	0.53
	-10.94*
	1.09
	-7.76
	-2.28
	-15.09*
	

	
	HGW
	0.044
	8.97
	0.051
	-1.99
	-0.03
	-15.20*
	0.007
	2.79
	-0.013
	0.4
	-0.016
	15.61*
	-0.004
	-3.59
	-0.063*
	3.76
	-0.001
	-8.59
	-0.001
	-3.6
	0.068*
	-10.08
	0.012
	-4.22
	-0.007
	-14.57*
	0.024
	2.54
	0.016
	3.12
	-0.045
	8.96
	

	
	HI
	1.57
	32.37
	3.37*
	19.86
	-0.73
	-22.63
	-1.51
	23.22
	0.41
	-11.76
	-1.54
	0.97
	1.02
	17.71
	-0.77
	-17.56
	-1.42
	38.58*
	1.52
	5.32
	-0.36
	50.19*
	-0.99
	11.27
	0.62
	2.37
	1.22
	35.02*
	-0.61
	0.42
	-0.24
	6.25
	

	
	GY
	-0.09
	-5.91
	0.075
	13.25
	-0.206*
	-9.87
	0.079
	-20.41
	-0.098
	-9.85
	0.149
	-14.82
	0.007
	1.46
	0.23*
	6.29
	-0.125
	0.62
	0.083
	-2.42
	-0.195*
	-5.55
	0.043
	-5.85
	-0.171*
	18.61
	0.093
	16.61
	0.005
	-9.41
	0.031
	-0.27
	

	
	SF
	-2.18
	-7.91
	3.62
	-2.19
	4.17
	5.49
	-1.13
	-8.75
	-5.98
	-15.14*
	-0.68
	-2.82
	-2.48
	-14.21*
	2.07
	-3.05
	-3.73
	-18.13*
	5.92
	-7.57
	-1.78
	-9.6
	0.92
	-7.65
	4.97
	1.19
	-6.83*
	-22.62*
	0.82
	-10.27
	0.12
	-4.52
	

	
	PHI
	-0.017
	-10.96
	0.018
	2.38
	-0.051
	-19.28*
	0.03
	-0.5
	-0.063
	-6.62
	0.065
	5.87
	-0.056
	-5.96
	0.062
	-6.66
	0.022
	-4.08
	-0.004
	0.49
	-0.025
	-4.12
	0.015
	0.54
	0.017
	-13.22*
	-0.031
	-11.36
	0.036
	3.92
	-0.037
	-7.43
	

	
	PT
	-2.56
	-36.10*
	0.79
	-12.78
	2.21
	5.71
	-1.42
	-23.10*
	-1.53
	-8.81
	-0.05
	-9.05
	-1.68
	-55.61*
	-3.36*
	-50.77*
	-1.49
	-53.96*
	3.91*
	-15
	2.63
	-0.68
	-1
	-30.49*
	-3.92*
	-28.35*
	2.5*
	-8.44
	2.59
	2.43
	-0.18
	13.51
	

	
	HGR
	0.07*
	3.21
	-0.01
	-8.64*
	0.02
	-3.33
	0.09*
	-3.06
	-0.05
	-12.36*
	-0.05
	-13.37*
	0.11*
	7.53
	0.05
	5.98
	0.01
	-2.63
	-0.11*
	-9.96*
	-0.07
	-7.49
	-0.003
	-2.12
	-0.007
	1.1
	0.04
	-1.19
	-0.01
	-3.77
	-0.02
	-5
	

	
	PH
	14.08*
	-2.33
	-2.66
	1.46
	-0.38
	2.72
	8.1*
	2.93
	-4.75
	2.09
	-0.3
	4.3
	2.17
	2.81
	0.4
	0.85
	8.62*
	0.85
	-7.77*
	-2.65
	-3.42
	1.31
	8.32*
	6.45*
	-3.65
	-3.43
	-0.03
	-6.99*
	-1.42
	1.1
	-3.22
	0.33
	

	
	DM
	6.49*
	-5.22*
	-1.86
	4.04
	-1.86
	-19.92*
	-0.96
	-4.37
	0.09
	-5.68*
	4.59*
	-0.87
	-7.26*
	-4.48
	-3.26
	-22.36*
	6.14*
	0.97
	2.19
	-5.24*
	2.19
	-4.35
	7.14*
	8.68*
	-2.86
	-15.04*
	-3.46
	-5.94*
	0.09
	0.44
	-0.91
	0.43
	

	
	DA
	2.54
	-0.67
	2.44
	4.26
	-1.26
	-20.81*
	-2.51
	-2.99
	-1.41
	-12.05*
	2.74
	2.67
	-5.26*
	-6.38
	-2.96
	-22.54*
	4.29*
	5.88
	0.39
	-9.64*
	3.54*
	4
	0.34
	1.27
	1.64
	-8.09*
	-4.61*
	-9.55*
	0.99
	0.6
	1.64
	7.01*
	

	
	Cross
	7 x 5 
	8 x 1 
	8 x 2
	8 x 3
	8 x 4
	8 x 5 
	9 x 1 
	9 x 2
	9 x 3
	9 x 4
	9 x 5 
	10 x 1 
	10 x 2
	10 x 3
	10 x 4
	10 x 5 
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Figure 1. Proportional contribution of Lines and Testers to the variance





