Genetic Variability, Heritability, and Association of Specific Leaf Area, Specific Leaf Weight, and Kernel Yield and Their Implications for Selection in Maize (Zea mays L.)


				     ABSTRACT 
The present study evaluated 45 single-cross hybrids developed from ten inbred lines over three seasons from 2016–17 to assess specific leaf area (SLA), specific leaf weight (SLW), and kernel yield, with the objectives of determining the potential of SLW as a selection criterion for high-yielding inbred lines and hybrids and characterizing the gene action governing these traits. An inverse relationship was observed between SLA and SLW in both inbred lines and hybrids. In general, inbred lines and hybrids with moderate SLW values exhibited higher kernel yield. Combining ability analysis revealed that both additive and non-additive gene actions were involved in the inheritance of SLA, SLW, and kernel yield, with non-additive effects predominating. The hybrids Heypool × PDM 1474, DFTY × Heypool, BML 7 × DFTY, BML 15 × PDM 1474, and BML 6 × PDM 1474 exhibited significant specific combining ability (SCA) effects for kernel yield along with moderate SCA effects for SLA and SLW. The inbred lines DFTY, Heypool, PDM 1452, and PDM 1474, which recorded moderate SLA and SLW values, also showed higher kernel yield, suggesting an association between moderate SLW and increased kernel yield in maize. Therefore, moderate SLA and SLW could serve as useful physiological selection criteria for improving kernel yield. Hybrids such as BML 15 × PDM 1474 and BML 7 × DFTY, with high per se performance and significant SCA effects for kernel yield, may be exploited in heterosis breeding and hybrid development. High-performing hybrids with non-significant SCA effects may be utilized in pedigree breeding or population improvement programmes for developing superior parental lines and hybrids.
 Keywords: Maize; Specific leaf area, Specific leaf weight, Combining ability analysis.
1.INTRODUCTION 
	Maize (Zea mays L.) is the third most important cereal crop after wheat and rice at global level. It is a C4 grain crop has high rate of photosynthetic activity resulting in high grain yield and biomass yield potential called. Because of its higher yield per hectare as compared to other cereals, maize has aptly been referred to as ‘Queen of Cereals’.  Leaf properties such as density, thickening, and chemical composition influence whole plant survival and metabolism. The amount of light absorbed by a leaf and the diffusion pathway of CO2 through its tissue depend on the thickness (Syvertsen et al. 1995). Leaf thickness is therefore often seen as a tool to screen cultivars for productivity (White and Montes, 2005). Thus, leaf thickness plays an important role in leaf and plant functioning. Leaf thickness can be measured either as specific leaf area (SLA) or specific leaf weight (SLW). Thicker genotypes have higher chlorophylls per unit area and hence greater photosynthetic capacity than thinner leaves. Low SLA species have higher values of dry matter content, high concentrates of cell wall and secondary compounds and greater leaf and root activity (Reich et al. 1999). Genotypes with high SLW (thick leaves) have leaves with a small surface area to volume   which is thought to be   an advantage in using water effectively. Significant and positive correlations of SLW with photosynthesis in rice were also reported (Luo,1979 and Liu Xi and Li Yong ,2016). Hence, SLW can be used as an indirect measure of several basic leaf processes. Grain yield and its components are controlled by multiple genes with complex actions, so understanding these helps breeders choose suitable breeding methods (Hallauer & Miranda, 1988). Combining ability analysis identifies inbreds useful for hybridization to produce better hybrids. Generally, general combining ability (GCA) reflects additive gene effects, while specific combining ability (SCA) involves non-allelic interactions (Jinks, 1954). The present study was carried out to identify the high yielding inbred lines and hybrids, nature of gene action governing kernel yield, SLA and SLW   and the relevance of SLW as a parameter in maize breeding.
2. MATERIALS AND METHODS
	The study was conducted involving 10 inbred lines along with 45 F1 hybrids at Agricultural Research Station, Perumallapalle, Chittoor District, Andhra Pradesh in three seasons viz., Rabi, 2016-17, Summer, 2016-17 and Kharif, 2017. All the F1 hybrids and 10 inbred lines were raised in separate but contiguous plots using Randomised Block Design with three replications. Each inbred line and F1hybrid was sown in one row of five meters length adopting a spacing of 75×20 cm in Kharif and 60×20 cm in Rabi and Summer between row to row and plant to plant, respectively. Seeds were sown by dibbling with the help of a wooden peg and marked ropes to maintain recommended inter and intra row spacing. Seeds were sown one-third down the right side of the ridge to aid irrigation and drainage.  All the recommended package of practices viz., like irrigation, weeding and plant protection measures for maize in Southern zone were followed in raising a healthy and successful crop. Farmyard Manure was applied at the rate of 25 t ha-1. Nitrogen was applied in four splits viz., at sowing, knee high stage (30-35 days), at flag leaf emergence (50-55 days) and at tasselling and silking stage (60-65 days). A fertilizer dose of 120:80:60 kg ha-1 of nitrogen, phosphorous and potassium during rabi and summer, 2016-17 and 100:80:60 kg ha-1 nitrogen, phosphorus and potassium during kharif, 2017 was applied.The entire P2O5, K2O and half dose of nitrogen were applied as basal dose and rest of the nitrogen was applied as top dressing in two equal splits i.e. one at knee high stage and the other at tasseling stage. 
Observations recorded 
Leaf area was measured on length × breadth basis. Length and breadth of the top, middle, bottom leaves of each plant were measured for calculating leaf area. 
SLA was calculated as the ratio of leaf area (LA) to leaf weight (LW) and expressed as cm2/g.

Specific Leaf Weight (SLW) was estimated as the ratio of leaf weight (LW) to the leaf area (LA) and expressed as mg/cm2.

Kernel yield per plant (g)
	Total cleaned kernels obtained after thorough drying and shelling of cobs was weighed with the help of an electronic balance and expressed in grams as kernel yield per plant.
Statistical analysis 
	Mean values of three replications were used for analysis of variance following Panse and Sukhatme(1985) model. Combining ability analysis for diallel mating design was performed according to Model I (fixed effect), Method-IV (set of F1’s without reciprocals) proposed by Griffing (1956) to detect relative importance of additive and non-additive gene effects. Significant tests for GCA and SCA effects were performed using t-test.
3.RESULTS AND DISCUSSION
3.1 Mean performance 
Specific Leaf Area (cm2 g-1)
	The inbreds viz., PDM 1428, PDM 1416, BML 7 and BML 15 in rabi; BML 2, BML 15, PDM 1416, BML 6 and PDM 1428 in summer; BML 15, PDM 1416, BML 2 and PDM 1428 in kharif and PDM 1428, BML 15, PDM 1416, BML 2 and BML 6 across seasons registered low SLA values compared to the respective inbreds season mean. Low SLA is desirable for higher yields. Four inbreds out of ten in rabi and kharif, seven in summer and six over seasons surpassed the respective mean values of inbreds (Table1).
	Among the 45 hybrids studied, 23 in rabi, 25 in summer, 18 in kharif and 23 over seasons registered significantly lower SLA values compared to the respective hybrid means of 87.70, 81.55, 85.83 and 85.03 cm2 g-1. Top five hybrids viz., PDM 1428 × PDM 1452, BML 6 × BML 7, BML 15 × PDM 1428, BML 2 × PDM 1416 and BML 2 × DFTY in rabi; PDM 1428 × PDM 1452, BML 6 × BML 7, BML 6 × PDM 1428, BML 2 × PDM 1416 and BML 6 × PDM 1416 in summer; BML 2 × PDM 1428, BML 2 × PDM 1416, BML 7 × BML 15, BML 2 × PDM 1452 and BML 2 × BML 7 in kharif and PDM 1428 × PDM 1452, BML 7 × PDM 1416, BML 6 × BML 7, BML 2 × PDM 1428 and BML 6 × PDM 1416 over seasons recorded significantly low SLA values ( desired direction) (Table1).Specific leaf area is a measure of leaf thickness and found higher in rabi followed by kharif season compared to summer season. The low SLA recorded in summer season in the present study may be due to unfavourable climatic conditions.
Specific Leaf Weight (mg cm-2)
	Four inbreds viz., PDM 1428, PDM 1416, BML 7 and BML 15 in rabi; six inbreds viz., BML 2, BML 15, PDM 1416, BML 6, PDM 1428 and BML 7 in summer; four inbreds viz., BML 15, PDM 1416, BML 2 and PDM 1428 in kharif and five inbreds viz., PDM 1428, BML 15, BML 2, BML 6 and PDM 1416 across seasons  recorded higher SLW values (desirable direction) when compared to respective inbreds mean .Among the hybrids, PDM 1428 × PDM 1452 in rabi, summer and over seasons and BML 2 × PDM 1428 in kharif recorded significantly higher SLW values compared to the respective general mean for this character (Table1). In general genotypes with lower SLA and or higher SLW are thicker, while higher SLA and lower SLW are thinner.
Kernel Yield Plant-1 (g)
	Three out of ten inbreds surpassed the mean inbreds value viz., Heypool (86.07 g), DFTY (83.27 g) and PDM 1474 (75.13 g) in rabi 2016-07. Twenty-three out of 45 hybrids exceeded the mean kernel yield of hybrids. The maximum kernel yield plant-1 was recorded by BML 7 × DFTY (146.70 g), BML 6 × PDM 1474 (145.83 g), Heypool × PDM 1474 (145.77 g) BML 15 × PDM 1452 (144.73 g) and BML 15 × Heypool (143.90 g) among the hybrids (Table1).The mean value of inbreds (60.66 g) and hybrids (105.18 g) was exceeded by six inbreds and twenty-two hybrids, respectively during summer. The inbreds Heypool (66.93 g), DFTY (66.47 g) and PDM 1452 (64.90 g) and the hybrids Heypool × PDM 1474 (129.23 g), DFTY × Heypool (129.03 g), BML 7 × DFTY (126.47 g), BML 15 × PDM 1474 (125.73 g) and BML 6 × PDM 1474 (122.93 g) recorded highest kernel yield plant-1 (Table1). During kharif. Four inbreds and 27 hybrids recorded higher kernel yield plant-1 than the general mean of the inbreds and hybrids, respectively. Among inbreds, Heypool (81.67 g), DFTY (80.80 g), PDM 1452 (74.20 g), PDM 1474 (73.27 g) and BML 2 (72.49 g) registered the highest kernel yield plant-1 (Table 2). Among the hybrids Heypool × PDM 1474 (142.57 g), BML 15 × PDM 1474 (141.53 g), BML 15 × PDM 1452 (139.80 g), DFTY × PDM 1474 (139.73 g) and DFTY × Heypool (138.93 g) have recorded highest kernel yield plant-1 (Table1).
The inbreds viz., DFTY (76.84 g), Heypool (78.22 g), PDM 1452 (71.31 g) and PDM 1474 (76.53 g) were found significantly superior for kernel yield plant-1 in pooled over seasons. Based on mean performance of hybrids for kernel yield plant-1 across the three seasons, the top performing hybrids were Heypool × PDM 1474 (139.19 g), BML 7 × DFTY (137.19 g), DFTY × Heypool (137.06 g), BML 15 × PDM 1474 (137.01 g) and BML 6 × PDM 1474 (133.63 g) (Table1).
Leaf area is important for crop light interception and therefore has a large influence on crop yield(Dwyer and Stewart ,1986).Leaf thickness is important for plant function and varies by species. Specific leaf area (SLA) is calculated as leaf area divided by dry mass, and multiplying SLA by leaf dry matter content (LDMC) estimates leaf thickness (Denis et al. 2005). Amanullah (2015) studied specific leaf area and specific leaf weight in small grain crops wheat, Rye,Barley and Oats and noted differences at various growth stages of growth and NPK source. Specific leaf area (SLA, the ratio of leaf area to leaf dry mass) and leaf dry matter content (LDMC, the ratio of leaf dry mass to fresh mass) reflect a fundamental trade-off in plant functioning between a rapid production of biomass (high SLA, low LDMC species) and an efficient conservation of nutrients (low SLA, high LDMC species( Poorter and Garnier ,1999). In the present study inbred lines such as BML 2, BML6, BML 15, PDM 1416 and PDM 1428 recorded low SLA and higher   SLW  confirming the earlier findings of inverse relationship between the two traits. (White and Montes, 2005). Negative relationships between leaf thickness and photosynthesis (Poorter,1990). None of these inbred lines registered higher kernel yield. The inbred lines viz; DFTY, Heypool and PDM 1452 and PDM 1474 with medium SLA and SLW have recorded higher kernel yield suggesting medium SLW is associated with higher kernel yield in maize. However, the cross combinations such as PDM 1428 x PDM 1452 involving Inbreds with low SLA coupled with and medium SLW resulted in low SLA and higher SLW. Poorter et al. (2009) also reported the wide variation for leaf weight. Inbred lines with medium   SLA and SLW   yielded high yielding hybrids such as Heypool x PDM 1474, DFT Y x Heypool, BML7 x DFTY, BML 15 x PDM 1474 and BML 6 x PDM 1474.Therefore, medium leaf are, and weight would be useful for higher kernel yields in maize.    
3.2 COMBINING ABILITY ANALYSIS
 Specific leaf area (cm2/g)
Mean sum of squares due to GCA and SCA in rabi (38.12** and 10.82**); summer (40.49** and 14.00**); kharif (41.62** and 13.04*) and pooled over seasons (33.75** and 10.39**) were significant suggesting that both additive and non-additive type of gene actions were involved for this character. Estimates of genetic components of variances revealed that σ2 SCA (5.17, 8.87, 5.17 and 4.15) were  greater in magnitude than to σ2 GCA (4.05, 4.42, 4.22 and 3.44) and σ2 GCA/σ2 SCA ratio was less than unity (0.78, 0.50, 0.82 and 0.83) in rabi, summer, kharif and pooled over seasons, respectively   revealed the predominant role of non-additive gene action for this character (Table ).Inbred  lines viz; PDM 1416 and PDM 1428  and  PDM 1428 x PDM 1452    single cross hybrids such as  registered higher gca and sca effects, respectively  for this trait . 
Specific leaf weight (mg/cm2)
Diallel analysis carried out over seasons indicated that mean sum of squares due to GCA (0.006**, 0.010**, 0.009** and 0.007**) and SCA (0.002**, 0.004**, 0.002** and 0.002*) were significant in rabi, summer, kharif and pooled over seasons, respectively for this character. Estimates of σ2 GCA (0.0006, 0.0011, 0.0009 and 0.0007), σ2 SCA (0.0010, 0.0030, 0.0010 and 0.0010) and σ2 GCA/σ2 SCA ratio (0.625, 0.375, 0.875 and 0.750) revealed that σ2 SCA was in greater magnitude and σ2 GCA/σ2 SCA ratio was less than unity. Based on the results obtained in present study, it is evident that both additive and non-additive type of gene actions was important for this character with predominant role of non-additive gene action (Table1). Higher gca and sca effects for this trait were registered by   inbred lines PDM 1416 and PDM 1428 and     hybrid PDM 1428 x PDM 1452 for specific leaf weight, respectively. 
Kernel Yield Plant-1 (g)
Estimates of genetic components of variances indicated that σ2 SCA (204.14, 226.04, 167.91 and 224.89) was greater in magnitude than σ2 GCA (150.01, 95.24, 125.23 and 148.03) in rabi, summer, kharif and pooled over seasons, respectively. The ratio of σ2 GCA/σ2 SCA was less than unity (0.73, 0.42, 0.75 and 0.66) in rabi, summer, kharif and pooled over seasons. Significant mean sum of squares due to GCA and SCA in all the three seasons and pooled over seasons for this character suggested that both the types of gene actions (additive and non-additive) are involved in controlling kernel yield plant-1. The greater magnitude σ2SCA than σ2GCA and the ratio of σ2GCA/σ2SCA was less than one indicated the predominance of non-additive gene action for kernel yield plant-1 (Table). Similar results were also reported by Sayoji Rao (1982), Joshi et al. (1998), Kayalvizhi (2002), Venugopal et al. (2002), Devi and Pradhan (2004), Alamnieatanaw et al. (2006), Appunu et al. (2006), Bidhendi et al. (2012), Spaner et al. (1996), Rezaei et al. (2005) Shukla et al. (2006), Farzana et al. (2007), Akbar et al. (2008), Uddin et al. (2008), Bello and Olaoye (2009), Singh and Shahi (2010), Zare et al. (2011), Haddadi et al. (2012), Amiruzzaman et al. (2013), Azad et al. (2014), Bikal and Deepika (2015), Kumar et al. (2016), Yuwono et al. (2017), Ivan et al. (2018), Singh et al. (2019) and Woldu et al. (2020) in maize.
3.3 Mean performance and general combining ability (gca) effects
	Selection of inbreds based either on per se performance or gca effects would be misleading as mean performance of inbreds was not always associate with high gca effects. Hence, both gca effects and per se performance are to be given due importance while selecting inbreds for use in breeding programmes. Consideration of both per se performance and gca effects would results in the selection of the best inbreds possessing desirable genes (Singh and Harisingh, 1985). In the present investigation, based on per se performance and gca effects inbreds PDM 1416 and PDM 1428 registered desired mean performance and good gca effects for specific leaf area and specific leaf weight whereas DFTY, Heypool and PDM 1474 recorded moderate mean values  and higher gca effects and may be utilized in the development of high yielding and early maturing varieties of hybrids and improvement of inbreds.
3.4 Mean performance and specific combining ability (sca) effects
Top five hybrids identified based on mean performance and specific combining ability effects across seasons for different characters are presented in Table. The inbred lines viz; Heypool, DFTY, PDM 1452 and PDM 1474 and three hybrids viz., BML 7 × DFTY, BML 15 × PDM 1452 and BML 15 × PDM 1474 registered significant and positive gca and sca effects, respectively along with high mean performance for kernel yield. Hence, theses may be utilized in heterosis breeding in development of high yielding hybrids.
5.0 CONCLUSIONS 
This study assessed 45 single cross maize hybrids from ten inbred lines over three seasons (2016–17) for SLA, SLW, and kernel yield to determine if SLW can guide selection of high-yielding lines and to analyse gene action. An inverse correlation was observed between SLA and SLW in both inbreds and hybrids, with moderate SLW linked to higher kernel yields. Both additive and non-additive gene actions influenced all traits, with non-additive effects being significant. Top hybrids such as Heypool x PDM 1474 and BML 15 x PDM 1474 exhibited strong specific combining ability (sca) for kernel yield and moderate sca for SLA and SLW. Inbreds like DFTY, Heypool, PDM 1452, and PDM 1474 with medium SLA/SLW also had higher yields, suggesting medium leaf size and weight favour kernel production. High-performing hybrids with significant sca may be leveraged for hybrid vigour, while those with non-significant sca effects are suitable for breeding superior lines and hybrids.
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Table 1: Mean performance of inbred lines for SLA  , SLW  and kernel yield over seasons
	S. No
	Inbred line
	Specific leaf area (cm2/g)
	Specific leaf weight (mg/cm2)
	Kernel yield per plant (g)

	
	
	RA 16-17
	SU 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	KH 17
	Pooled
	RA 16-17
	SU 16-17
	KH 17
	Pooled

	1
	BML 2
	81.45
	76.26
	74.45
	74.45
	74.45
	74.45
	1.28
	1.27
	12.23
	11.91
	13.47
	12.54

	2
	BML 6
	81.44
	77.83
	70.23
	70.23
	70.23
	70.23
	1.25
	1.26
	11.63
	11.82
	13.87
	12.44

	3
	BML 7
	80.56
	78.78
	73.80
	73.80
	73.80
	73.80
	1.25
	1.25
	12.20
	12.20
	13.80
	12.73

	4
	BML 15
	80.94
	77.09
	74.33
	74.33
	74.33
	74.33
	1.30
	1.28
	12.77
	12.07
	13.73
	12.86

	5
	DFTY
	82.53
	82.32
	83.27
	83.27
	83.27
	83.27
	1.23
	1.22
	13.90
	13.18
	14.83
	13.97

	6
	Heypool
	82.41
	83.60
	86.07
	86.07
	86.07
	86.07
	1.20
	1.20
	14.00
	13.47
	14.90
	14.12

	7
	PDM 1416
	80.27
	77.73
	69.07
	69.07
	69.07
	69.07
	1.29
	1.27
	11.40
	12.15
	13.67
	12.41

	8
	PDM 1428
	77.29
	78.39
	68.60
	68.60
	68.60
	68.60
	1.27
	1.28
	12.07
	11.93
	13.47
	12.49

	9
	PDM 1452
	82.66
	79.08
	74.83
	74.83
	74.83
	74.83
	1.25
	1.24
	13.33
	12.42
	14.27
	13.34

	10
	PDM 1474
	82.04
	81.03
	75.13
	75.13
	75.13
	75.13
	1.24
	1.23
	12.84
	12.43
	14.37
	13.21

	
	Mean
	81.16
	79.21
	74.98
	74.98
	74.98
	74.98
	1.26
	1.25
	12.64
	12.36
	14.04
	13.01

	
	SE(m)
	0.91
	0.62
	1.84
	1.84
	1.84
	1.84
	0.018
	0.018
	0.42
	0.22
	0.24
	0.30

	
	CD at 5%
	2.71
	1.85
	5.47
	5.47
	5.47
	5.47
	0.054
	0.054
	1.52
	0.66
	0.71
	0.91

	
	C.V. (%)
	1.94
	1.36
	4.25
	4.25
	4.25
	4.25
	2.51
	2.53
	5.76
	3.13
	2.94
	4.07

	
	Lowest
	77.29
	76.26
	68.60
	68.60
	68.60
	68.60
	1.20
	1.20
	11.40
	11.82
	13.47
	12.41

	
	Highest
	82.66
	83.60
	86.07
	86.07
	86.07
	86.07
	1.30
	1.28
	14.00
	13.47
	14.90
	14.12




Table 2 : Mean performance of single cross F1 hybrids for SLA  , SLW   and kernel yield over seasons

	S. No
	Hybrid (s)
	Specific leaf area (cm2/g)
	Specific leaf weight (mg/cm2)
	Kernel yield per plant (g)

	
	
	RA 16-17
	SU 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	KH 17
	Pooled
	RA 16-17
	SU 16-17
	KH 17
	Pooled

	1
	BML2×BML6
	87.37
	78.63
	135.50
	135.50
	135.50
	135.50
	1.18
	1.20
	17.12
	16.73
	17.90
	17.25

	2
	BML2×BML7
	89.46
	79.88
	142.73
	142.73
	142.73
	142.73
	1.21
	1.19
	18.40
	16.63
	17.53
	17.52

	3
	BML2×BML15
	87.10
	79.85
	124.77
	124.77
	124.77
	124.77
	1.21
	1.20
	17.13
	16.43
	17.57
	17.04

	4
	BML2×DFTY
	84.77
	83.17
	129.17
	129.17
	129.17
	129.17
	1.15
	1.18
	18.27
	17.27
	18.23
	17.92

	5
	BML2×Heypool
	90.46
	83.09
	143.88
	143.88
	143.88
	143.88
	1.14
	1.15
	18.94
	17.53
	18.83
	18.44

	6
	BML2×PDM1416
	84.68
	78.86
	127.50
	127.50
	127.50
	127.50
	1.23
	1.23
	17.57
	16.57
	18.53
	17.56

	7
	BML2×PDM1428
	86.33
	79.81
	116.13
	116.13
	116.13
	116.13
	1.24
	1.22
	17.13
	16.37
	17.63
	17.04

	8
	BML2×PDM1452
	87.20
	81.34
	128.57
	128.57
	128.57
	128.57
	1.16
	1.17
	16.80
	16.57
	18.10
	17.16

	9
	BML2×PDM1474
	88.57
	84.57
	131.33
	131.33
	131.33
	131.33
	1.14
	1.14
	18.92
	18.82
	19.23
	18.99

	10
	BML6×BML7
	84.05
	79.07
	120.43
	120.43
	120.43
	120.43
	1.21
	1.22
	17.13
	16.83
	17.53
	17.17

	11
	BML6×BML15
	88.35
	80.82
	114.87
	114.87
	114.87
	114.87
	1.20
	1.19
	17.07
	16.17
	17.73
	16.99

	12
	BML6×DFTY
	90.00
	83.15
	138.90
	138.90
	138.90
	138.90
	1.16
	1.16
	18.07
	18.03
	17.97
	18.02

	13
	BML6×Heypool
	88.99
	82.60
	126.03
	126.03
	126.03
	126.03
	1.15
	1.17
	18.03
	17.90
	18.37
	18.10

	14
	BML6×PDM1416
	86.71
	79.02
	137.57
	137.57
	137.57
	137.57
	1.21
	1.21
	18.33
	16.37
	18.70
	17.80

	15
	BML6×PDM1428
	85.80
	78.77
	122.30
	122.30
	122.30
	122.30
	1.21
	1.22
	16.93
	16.03
	17.37
	16.78

	16
	BML6×PDM1452
	85.88
	81.51
	137.53
	137.53
	137.53
	137.53
	1.17
	1.19
	17.18
	16.67
	17.17
	17.01

	17
	BML6×PDM1474
	88.58
	85.63
	145.83
	145.83
	145.83
	145.83
	1.14
	1.15
	19.43
	18.92
	19.19
	19.18

	18
	BML7×BML15
	88.03
	80.70
	135.10
	135.10
	135.10
	135.10
	1.22
	1.20
	16.97
	16.87
	17.17
	17.00

	19
	BML7×DFTY
	94.29
	84.47
	146.70
	146.70
	146.70
	146.70
	1.12
	1.11
	19.12
	18.98
	19.25
	19.12

	20
	BML7×Heypool
	89.00
	82.48
	134.43
	134.43
	134.43
	134.43
	1.16
	1.17
	17.87
	17.55
	18.57
	17.99

	21
	BML7×PDM1416
	86.60
	80.05
	107.80
	107.80
	107.80
	107.80
	1.20
	1.20
	17.20
	16.97
	17.30
	17.16

	22
	BML7×PDM1428
	87.36
	79.38
	120.62
	120.62
	120.62
	120.62
	1.21
	1.21
	16.67
	16.63
	17.57
	16.96

	23
	BML7×PDM1452
	86.69
	80.90
	136.07
	136.07
	136.07
	136.07
	1.15
	1.17
	17.30
	16.97
	17.17
	17.14

	24
	BML7×PDM1474
	89.18
	79.96
	122.07
	122.07
	122.07
	122.07
	1.14
	1.17
	17.22
	18.88
	17.03
	17.71

	25
	BML15×DFTY
	88.22
	81.74
	129.40
	129.40
	129.40
	129.40
	1.15
	1.17
	17.53
	17.53
	17.60
	17.56

	26
	BML15×Heypool
	89.64
	80.17
	143.90
	143.90
	143.90
	143.90
	1.15
	1.17
	18.40
	16.60
	17.50
	17.50

	27
	BML15×PDM1416
	85.05
	82.40
	110.47
	110.47
	110.47
	110.47
	1.20
	1.20
	16.00
	16.23
	17.80
	16.68

	28
	BML15×PDM1428
	84.55
	81.34
	87.79
	84.56
	1.18
	1.23
	1.14
	1.18
	111.03
	111.93
	120.80
	114.59

	29
	BML15×PDM1452
	92.13
	86.03
	90.07
	89.41
	1.09
	1.16
	1.11
	1.12
	128.83
	114.43
	136.37
	126.54

	30
	BML15×PDM1474
	93.00
	86.80
	92.29
	90.70
	1.10
	1.15
	1.08
	1.11
	143.40
	120.27
	135.37
	133.01

	31
	DFTY×Heypool
	90.38
	82.87
	87.03
	86.76
	1.14
	1.21
	1.15
	1.17
	138.17
	97.53
	139.73
	125.14

	32
	DFTY×PDM1416
	87.70
	82.75
	88.63
	86.36
	1.13
	1.21
	1.13
	1.16
	120.73
	96.75
	126.90
	114.79

	33
	DFTY×PDM1428
	87.92
	80.35
	86.16
	84.81
	1.14
	1.24
	1.16
	1.18
	124.13
	107.83
	121.40
	117.79

	34
	DFTY×PDM1452
	88.88
	81.25
	87.59
	85.91
	1.13
	1.23
	1.14
	1.17
	138.80
	104.97
	138.63
	127.47

	35
	DFTY×PDM1474
	89.71
	86.00
	88.07
	87.93
	1.12
	1.16
	1.14
	1.14
	145.77
	129.23
	142.57
	139.19

	36
	Heypool×PDM1416
	87.07
	83.09
	87.45
	85.87
	1.15
	1.20
	1.14
	1.17
	105.97
	97.67
	104.00
	102.54

	37
	Heypool×PDM1428
	86.93
	82.34
	86.54
	85.27
	1.15
	1.22
	1.16
	1.18
	114.53
	93.63
	113.43
	107.20

	38
	Heypool×PDM1452
	87.32
	84.07
	85.86
	85.75
	1.15
	1.19
	1.17
	1.17
	138.73
	99.53
	131.10
	123.12

	39
	Heypool×PDM1474
	88.25
	82.69
	86.88
	85.94
	1.13
	1.21
	1.15
	1.17
	114.07
	86.94
	105.87
	102.29

	40
	PDM1416×PDM1428
	85.15
	80.19
	85.53
	83.62
	1.17
	1.25
	1.17
	1.20
	133.67
	102.67
	129.33
	121.89

	41
	PDM1416×PDM1452
	86.07
	81.17
	85.74
	84.33
	1.16
	1.23
	1.17
	1.19
	142.40
	111.73
	130.70
	128.28

	42
	PDM1416×PDM1474
	85.00
	81.06
	84.93
	83.66
	1.18
	1.23
	1.18
	1.20
	129.90
	105.18
	126.60
	120.56

	43
	PDM1428×PDM1452
	82.50
	71.87
	86.78
	80.38
	1.21
	1.39
	1.20
	1.27
	103.81
	103.55
	105.43
	104.82

	44
	PDM1428×PDM1474
	86.55
	83.23
	83.05
	84.28
	1.16
	1.20
	1.16
	1.17
	105.32
	107.11
	107.36
	108.25

	45
	PDM1452×PDM1474
	89.24
	80.71
	87.68
	85.88
	1.12
	1.24
	1.14
	1.17
	110.74
	106.24
	111.68
	113.56

	
	Mean
	87.70
	81.55
	85.83
	85.03
	1.14
	1.23
	1.17
	1.18
	103.93
	86.94
	96.27
	98.77

	
	SE(m)
	1.40
	1.21
	1.62
	1.44
	0.018
	0.018
	0.018
	0.018
	146.70
	129.23
	142.57
	139.19

	
	CD at 5%
	3.95
	3.67
	4.55
	4.05
	1.622
	1.622
	1.622
	1.622
	
	
	
	

	
	C.V. (%)
	2.78
	2.78
	3.27
	2.93
	2.77
	2.57
	2.70
	2.69
	
	
	
	

	
	Lowest
	82.50
	71.87
	80.88
	80.38
	1.06
	1.15
	1.08
	1.11
	
	
	
	

	
	Highest
	94.29
	86.80
	92.29
	90.70
	1.21
	1.39
	1.24
	1.27
	
	
	
	





























Table 3 : ANOVA for combining ability in diallel analysis (Method IV) for  SLA, and SLW  and Kernel yield  in three seasons
	Source
	df 
	Mean sum of squares

	
	
	RA 16-17
	SU 16-17
	KH 17

	Specific leaf area (cm2/g)

	GCA
	9
	38.119
	40.495**
	41.620**

	SCA
	35
	10.824*
	14.005**
	13.039*

	Error
	88
	5.70
	5.13
	7.87

	Specific leaf weight (mg/cm2)

	GCA
	9
	0.006**
	0.010**
	0.009**

	SCA
	35
	0.002*
	0.004**
	0.002*

	Error
	88
	0.001
	0.001
	0.001

	Kernel yield per plant (g)

	GCA
	9
	1246.58**
	820.16**
	1,050.48**

	SCA
	35
	250.60**
	284.29**
	216.54**

	Error
	88
	46.46
	58.25
	48.63



*Significant at 5% level, **Significant at 1% level

Table 4 : Estimation of genetic components of variance for in diallel analysis (Method IV) over seasons for  SLA, and SLW  and Kernel yield  
	Genetic components
	RA 16-17
	SU 16-17
	KH 17
	Combined

	Specific leaf area (cm2/g)

	2 GCA
	4.053
	4.420
	4.218
	3.440

	2 SCA
	5.171
	8.872
	5.167
	4.153

	2GCA/2SCA
	0.783
	0.498
	0.816
	0.828

	Specific leaf weight (mg/cm2)

	2 GCA
	0.00063
	0.00113
	0.00088
	0.00075

	2 SCA
	0.00100
	0.00300
	0.00100
	0.00100

	2GCA/2SCA
	0.62500
	0.37500
	0.87500
	0.75000

	Kernel yield per plant (g)

	2 GCA
	
	
	
	

	2 SCA
	
	
	
	

	2GCA/2SCA
	
	
	
	


*Significant at 5% level, **Significant at 1% level


















Table 5 : ANOVA for combining ability in diallel analysis (Method IV) for  SLA, and SLW  and Kernel yield  over seasons
	S. No
	Character (s)
	GCA (D.F=9)
	SCA (D.F=35)
	Seasons (D.F=2)
	GCA × Seasons (D.F=18)
	SCA × Seasons (D.F=70)
	Error (D.F=270)

	1.
	Days to 50% tasseling
	10.564**
	2.829**
	112.585**
	1.524**
	1.009**
	0.514

	2.
	Days to 50% silking
	13.531**
	4.103**
	204.544**
	1.951**
	1.162*
	0.780

	3.
	Anthesis-silking interval
	0.597*
	0.316*
	16.201**
	0.233
	0.225
	0.267

	4.
	Days to maturity
	14.943**
	2.916**
	391.717**
	0.964*
	1.300*
	0.782

	5.
	Plant height (cm)
	377.451**
	158.942**
	6273.630**
	207.256**
	96.267*
	53.661

	6.
	SPAD chlorophyll meter readings
	13.195**
	3.341**
	9.144**
	1.551*
	0.895
	1.220

	7.
	Specific leaf area (cm2/g)
	33.754**
	10.387*
	447.500**
	3.163
	2.619
	6.234

	8.
	Specific leaf weight (mg/cm2)
	0.007**
	0.002*
	0.087**
	0.001
	0.001
	0.001

	9.
	Cob length (cm)
	4.636**
	2.973**
	9.541**
	0.239
	0.339
	0.564

	10.
	Cob girth (cm)
	2.389**
	0.793**
	37.855**
	0.147*
	0.140*
	0.108

	11.
	Number of kernel rows per cob
	2.508**
	0.620**
	2.209**
	0.063
	0.115
	0.284

	12.
	Number of kernels per row
	35.923**
	9.230**
	242.873**
	1.166
	1.624
	2.856

	13.
	100 kernel weight (g)
	12.451**
	4.405**
	339.163**
	0.737
	0.831
	0.761

	14.
	Harvest index (%)
	1.270**
	0.456**
	2.151**
	0.110
	0.138
	0.189

	15.
	Kernel yield per plant (g)
	1222.914**
	263.593**
	2204.578**
	34.719**
	31.403**
	38.705


*Significant at 5% level, **Significant at 1% level


 Table 6 : Estimates of general combing ability (gca) effects of inbred lines for  SLA, and SLW  and Kernel yield  over seasons
	S. No
	Inbred line
	Specific leaf area (cm2/g)
	Specific leaf weight (mg/cm2)
	Kernel yield per plant (g)

	
	
	RA 16-17
	SU 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	SU 16-17
	RA 16-17
	SU 16-17
	KH 17
	Pooled

	1
	BML 2
	-0.427
	-0.598
	1.311
	1.311
	1.311
	1.311
	-0.427
	-0.598
	0.189
	0.342**
	0.067
	0.199

	2
	BML 6
	-0.451
	-0.597
	1.234
	1.234
	1.234
	1.234
	-0.451
	-0.597
	-0.353**
	0.175
	-0.183
	-0.120

	3
	BML 7
	0.664
	-0.886**
	-0.393
	-0.393
	-0.393
	-0.393
	0.664
	-0.886**
	-0.173
	0.050
	0.025
	-0.032

	4
	BML 15
	0.841
	0.737
	-2.270
	-2.270
	-2.270
	-2.270
	0.841
	0.737
	0.591**
	-0.033
	0.358*
	0.306*

	5
	DFTY
	1.566**
	1.472**
	4.964**
	4.964**
	4.964**
	4.964**
	1.566**
	1.472**
	-0.130
	-0.200
	-0.058
	-0.130

	6
	Heypool
	1.089**
	1.18**
	6.473**
	6.473**
	6.473**
	6.473**
	1.089**
	1.18**
	-0.117
	-0.075
	-0.308*
	-0.167

	7
	PDM 1416
	-1.913**
	-0.672
	-11.845**
	-11.845**
	-11.845**
	-11.845**
	-1.913**
	-0.672
	-0.117
	0.008
	0.025
	-0.028

	8
	PDM 1428
	-2.031**
	-2.085**
	-12.430**
	-12.430**
	-12.430**
	-12.430**
	-2.031**
	-2.085**
	0.231*
	0.092
	0.067
	0.130

	9
	PDM 1452
	-0.429
	-0.637
	3.876**
	3.876**
	3.876**
	3.876**
	-0.429
	-0.637
	-0.089
	-0.158
	0.067
	-0.060

	10
	PDM 1474
	1.092*
	2.086**
	9.080**
	9.080**
	9.080**
	9.080**
	1.092*
	2.086**
	-0.033
	-0.200
	-0.058
	-0.097

	
	S.E(gi)
	0.462
	0.439
	1.320
	1.320
	1.320
	1.320
	0.462
	0.439
	0.097
	0.108
	0.133
	0.114








Table 7 :  Estimates of specific combing ability (sca) effects of F1 hybrids for SLA, and SLW  and Kernel yield  over seasons
	S. No
	Hybrid (s)
	Specific leaf area (cm2/g)
	Specific leaf weight (mg/cm2)
	Kernel yield per plant (g)

	
	
	RA 16-17
	SU 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	RA 16-17
	KH 17
	Pooled
	RA 16-17
	SU 16-17
	KH 17
	Pooled

	1
	BML2×BML6
	0.541
	-1.730
	3.057
	3.057
	3.057
	3.057
	-0.016
	0.002
	-0.584
	-0.066
	-0.127
	-0.259

	2
	BML2×BML7
	1.516
	-0.191
	11.917**
	11.917**
	11.917**
	11.917**
	0.011
	0.001
	0.877**
	-0.499
	-0.144
	0.078

	3
	BML2×BML15
	-1.021
	-1.841
	-4.173
	-4.173
	-4.173
	-4.173
	0.023
	0.023
	-0.499
	-0.243
	-0.350
	-0.364

	4
	BML2×DFTY
	-4.077**
	0.740
	-7.007*
	-7.007*
	-7.007*
	-7.007*
	-0.015
	0.011
	-0.226
	-0.345
	-0.477
	-0.350

	5
	BML2×Heypool
	2.097
	0.960
	6.194
	6.194
	6.194
	6.194
	-0.031
	-0.025
	0.494
	-0.029
	0.325
	0.263

	6
	BML2×PDM1416
	-0.688
	-1.426
	8.135*
	8.135*
	8.135*
	8.135*
	0.031
	0.023
	0.422
	0.152
	0.679**
	0.418

	7
	BML2×PDM1428
	1.081
	0.941
	-2.646
	-2.646
	-2.646
	-2.646
	0.031
	0.002
	-0.031
	0.084
	-0.104
	-0.017

	8
	BML2×PDM1452
	0.352
	1.020
	-6.519
	-6.519
	-6.519
	-6.519
	-0.017
	-0.017
	-0.954**
	-0.288
	-0.323
	-0.522

	9
	BML2×PDM1474
	0.198
	1.527
	-8.957*
	-8.957*
	-8.957*
	-8.957*
	-0.017
	-0.021
	0.502
	1.235*
	0.520
	0.752*

	10
	BML6×BML7
	-3.866**
	-1.002
	-10.313**
	-10.313**
	-10.313**
	-10.313**
	0.008
	0.025
	-0.268
	-0.391
	0.062
	-0.199

	11
	BML6×BML15
	0.253
	-0.869
	-13.996**
	-13.996**
	-13.996**
	-13.996**
	0.023
	0.009
	-0.444
	-0.602
	0.023
	-0.341

	12
	BML6×DFTY
	1.185
	0.723
	2.804
	2.804
	2.804
	2.804
	0.006
	-0.008
	-0.304
	0.329
	-0.538
	-0.171

	13
	BML6×Heypool
	0.649
	0.462
	-11.573**
	-11.573**
	-11.573**
	-11.573**
	-0.017
	-0.007
	-0.291
	0.246
	0.064
	0.006

	14
	BML6×PDM1416
	1.370
	-1.266
	18.279**
	18.279**
	18.279**
	18.279**
	0.008
	0.002
	1.311**
	-0.140
	1.052**
	0.741

	15
	BML6×PDM1428
	0.576
	-0.096
	3.597
	3.597
	3.597
	3.597
	0.012
	0.001
	-0.109
	-0.342
	-0.165
	-0.205

	16
	BML6×PDM1452
	-0.944
	1.192
	2.525
	2.525
	2.525
	2.525
	-0.007
	-0.003
	-0.449
	-0.281
	-1.050**
	-0.593

	17
	BML6×PDM1474
	0.236
	2.586*
	5.620
	5.620
	5.620
	5.620
	-0.017
	-0.020
	1.138**
	1.246*
	0.679*
	1.021**

	18
	BML7×BML15
	-1.182
	-0.700
	7.864*
	7.864*
	7.864*
	7.864*
	0.043*
	0.023
	-0.359
	-0.235
	-0.194
	-0.262

	19
	BML7×DFTY
	4.350**
	2.329*
	12.231**
	12.231**
	12.231**
	12.231**
	-0.040*
	-0.050**
	0.927**
	0.947*
	1.096**
	0.990*

	20
	BML7×Heypool
	-0.456
	0.635
	-1.546
	-1.546
	-1.546
	-1.546
	-0.007
	0.002
	-0.280
	-0.437
	0.615*
	-0.034

	21
	BML7×PDM1416
	0.145
	0.053
	-9.861**
	-9.861**
	-9.861**
	-9.861**
	0.005
	0.003
	0.356
	0.127
	0.002
	0.162

	22
	BML7×PDM1428
	1.024
	0.793
	3.541
	3.541
	3.541
	3.541
	0.009
	-0.004
	-0.198
	-0.075
	0.386
	0.038

	23
	BML7×PDM1452
	-1.249
	0.875
	2.685
	2.685
	2.685
	2.685
	-0.020
	-0.013
	-0.154
	-0.313
	-0.700*
	-0.389

	24
	BML7×PDM1474
	-0.282
	-2.791*
	-16.519**
	-16.519**
	-16.519**
	-16.519**
	-0.010
	0.013
	-0.901**
	0.877
	-1.124**
	-0.383

	25
	BML15×DFTY
	-1.884
	-2.025
	-3.193
	-3.193
	-3.193
	-3.193
	0.018
	0.022
	-0.769*
	-0.047
	-0.794*
	-0.537

	26
	BML15×Heypool
	0.003
	-3.296**
	9.797**
	9.797**
	9.797**
	9.797**
	0.005
	0.014
	0.144
	-0.931
	-0.691*
	-0.493

	27
	BML15×PDM1416
	-1.582
	0.789
	-5.318
	-5.318
	-5.318
	-5.318
	0.020
	0.009
	10.581**
	-1.950
	3.498
	10.581**

	28
	BML15×PDM1428
	-1.960
	1.136
	-11.266**
	-11.266**
	-11.266**
	-11.266**
	-0.040*
	-0.013
	4.963
	-6.998*
	-4.673
	4.963

	29
	BML15×PDM1452
	4.011**
	4.381**
	13.228**
	13.228**
	13.228**
	13.228**
	-0.042*
	-0.051**
	4.146
	12.870**
	7.806*
	4.146

	30
	BML15×PDM1474
	3.364**
	2.425*
	4.422**
	3.404**
	-0.031**
	-0.039*
	-0.049**
	-0.036*
	9.430*
	1.270
	5.120
	9.430*

	31
	DFTY×Heypool
	0.021
	-1.337
	-1.707
	-1.008
	0.020
	0.023
	0.028
	0.023
	-25.656**
	-3.254
	-11.562**
	-25.656**

	32
	DFTY×PDM1416
	0.346
	0.401
	2.225
	0.991
	-0.017
	-0.002
	-0.031
	-0.016
	-5.995
	-0.335
	-3.375
	-5.995

	33
	DFTY×PDM1428
	0.678
	-0.589
	-0.704
	-0.204
	-0.013
	0.008
	0.001
	-0.001
	1.775
	-1.534
	0.144
	1.775

	34
	DFTY×PDM1452
	0.036
	-1.134
	-0.768
	-0.621
	0.001
	0.017
	0.014
	0.011
	-1.641
	5.099
	0.670
	-1.641

	35
	DFTY×PDM1474
	-0.655
	0.893
	-1.274
	-0.345
	0.005
	-0.005
	0.021
	0.008
	10.273**
	0.141
	3.576
	10.273**

	36
	Heypool×PDM1416
	0.193
	1.030
	1.679
	0.968
	-0.012
	-0.016
	-0.024
	-0.016
	3.090
	-5.849
	-0.805
	3.090

	37
	Heypool×PDM1428
	0.172
	1.694
	0.316
	0.727
	-0.011
	-0.030
	-0.010
	-0.017
	-1.492
	-7.015*
	-5.301
	-1.492

	38
	Heypool×PDM1452
	-1.044
	1.979
	-1.851
	-0.306
	0.010
	-0.031
	0.028
	0.002
	-7.945*
	1.761
	1.805
	-7.945*

	39
	Heypool×PDM1474
	-1.634
	-2.127
	-1.818
	-1.859
	0.014
	0.031
	0.028
	0.025
	-11.499**
	-10.274**
	-9.684**
	-11.499**

	40
	PDM1416×PDM1428
	1.387
	1.395
	1.642
	1.475
	-0.015
	-0.024
	-0.032
	-0.024
	-8.129*
	4.295
	1.094
	-8.129*

	41
	PDM1416×PDM1452
	0.711
	0.930
	0.364
	0.668
	0.001
	-0.015
	-0.004
	-0.007
	0.389
	-4.939
	-1.668
	0.389

	42
	PDM1416×PDM1474
	-1.883
	-1.906
	-1.432
	-1.742
	0.027
	0.027
	0.026
	0.027
	3.886
	3.551
	3.168
	3.886

	43
	PDM1428×PDM1452
	-2.744*
	-6.956**
	0.945
	-2.917*
	0.047**
	0.118**
	0.030
	0.065**
	10.581**
	-1.950
	3.498
	10.581**

	44
	PDM1428×PDM1474
	-0.214
	1.681
	-3.771**
	-0.768
	0.004
	-0.027
	0.001
	-0.008
	4.963
	-6.998*
	-4.673
	4.963

	45
	PDM1452×PDM1474
	0.870
	-2.287*
	-0.638
	-0.684
	-0.005
	0.028
	0.018
	0.014
	4.146
	12.870**
	7.806*
	4.146

	
	S.E(Sij)
	1.215
	1.154
	1.429
	1.271
	0.016
	0.018
	0.019
	0.016
	9.430*
	1.270
	5.120
	9.430*





