Genetic Variability, Heritability, and Predicted Genetic Advance for Yield and Associated Traits in Diverse Maize (Zea mays L.) Inbred Lines: Implications for Economically Efficient Breeding Strategies

Abstract
This study investigated genetic parameters in 50 diverse maize inbred lines across 16 agronomic, morphological, and yield traits using a Randomized Complete Block Design with three replications. Analysis of variance confirmed highly significant genetic differences (P < 0.01) for all traits, indicating substantial exploitable genetic variability. Genotypic variance (GV) ranged from 0.28 (Anthesis-Silking Interval or ASI) to 1855.40 cm² (Leaf Area). Broad-sense heritability (H²) estimates were highest for ASI (0.96) and lowest for Days to Dry Husk and Grain Weight (0.20). Genotypic coefficients of variation (GCV) ranged from 1.02% (Days to Dry Husk) to 13.75% (ASI). Genetic advance as percentage of mean (GA%) varied from 0.95% (Days to Dry Husk) to 27.70% (ASI). Anthesis-Silking Interval (ASI) demonstrated exceptional selection potential (H² = 0.96, GA% = 27.70%), confirming strong additive gene control suitable for direct phenotypic selection, particularly for stress tolerance. Yield components including Grain Yield Per Plot (H² = 0.41, GA% = 11.28%), Grain Yield Per Plant (H² = 0.43, GA% = 12.09%), and Cob Weight Per Plant (H² = 0.43, GA% = 12.86%) showed moderate heritability combined with high genetic advance, suggesting effective selection despite partial environmental masking. Phenological traits exhibited low heritability (0.20-0.23) and minimal genetic advance (0.95-1.31%), suggesting limited improvement through direct selection and recommending heterosis exploitation instead. Economic analysis suggests prioritizing selection for ASI, Cob Weight Per Plant, and Kernel Rows Per Cob to maximize genetic gain. Expected gains of 11–28% per selection cycle translate to substantial economic returns 5–7 year breeding cycles at a commercial scale.
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Introduction
Effective maize breeding relies on a precise understanding of how genetic factors contribute to phenotypic expression, particularly concerning stability and predictability. The Phenotypic Variance (PV) observed for a trait is mathematically partitioned into Genotypic Variance (GV) and Environmental Variance (EV) (Begum et al. 2016; Banakara et al. 2024). The magnitude of EV is critical as it represents the non-heritable component of variation, which often masks true genetic potential, complicating selection. The Environmental Coefficient of Variation (ECV) standardizes this environmental noise relative to the Grand Mean, allowing for direct comparison of trait stability across different measurement scales (Damtie et al. 2021). To determine the utility of direct selection, two additional parameters are critical: Heritability (H), which quantifies the proportion of GV within PV, and Genetic Advance (GA), which predicts the absolute gain expected from selecting a specific fraction (e.g., the top 5%) of the population (Bartaula et al. 2019; Damtie et al. 2021). When high H is observed in conjunction with high GA as a Percentage of Mean (GA as % of Mean), the trait is confirmed to be governed by additive gene action, ensuring stable and transmissible gains.
The predicted response to selection, quantified by Genetic Advance (GA) and GA as % of Mean, determines the efficiency of a breeding program. The co-occurrence of high Heritability and high GA as % of Mean signifies the dominance of additive gene action, which is readily fixable through pedigree or mass selection (Falconer, 1989; Jilo et al. 2018)). In contrast, traits showing low Heritability combined with low GA as % of Mean are influenced primarily by non-additive gene actions (dominance and epistasis), requiring the exploitation of hybrid vigor (heterosis) for economically meaningful improvement. This study utilized 50 diverse maize inbred lines to estimate the Grand Mean, Genotypic Variance, Phenotypic Variance, Environmental Variance, Heritability, GCV, PCV, Env. Coefficient of Variance (ECV), Genetic Advance, and GA as % of Mean for 16 specific traits. The primary aim was to classify these traits based on their genetic parameters to inform and optimize economically efficient breeding strategies.
2. Materials and Methods
2.1. Experimental Material and Design
The experimental material comprised 50 diverse maize inbred lines sourced from multiple institutional and international breeding programs (Table 1). The germplasm included materials from The experimental material comprised 50 maize inbred lines obtained from diverse sources, including institutional breeding programs and international germplasm banks. Lines included materials from Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, BHU (which includes (HUZM series, 20 lines; CML series, 16 lines; specialized quality protein maize sources DMR QPM series, 2 lines and other elite breeding lines HKI, LTP, LM series, 12 lines). This diverse genetic base was deliberately assembled to ensure representation of varied genetic backgrounds, maturity groups, and adaptation patterns, maximizing the probability of detecting substantial genetic variability for the traits under investigation. The experiment was conducted during the Rabi season under a Randomized Complete Block Design (RCBD) with three replications to minimize experimental error and maximize precision of genetic parameter estimates. Each genotype was planted in three-row plots of 4.0 m length with inter-row spacing of 60 cm and intra-row (plant-to-plant) spacing of 20 cm.
2.2. Traits Measured
Data were collected on 16 quantitative traits, using their full names for analysis: Phenological Traits such as Days to Anthesis (DTA): Recorded when 50% of plants in a plot exhibited visible pollen shedding, Days to Silking (DS): Recorded when 50% of plants showed silk emergence, Days to Dry Husk (DDH): Recorded when 50% of plants exhibited physiologically mature, dry husks, Anthesis-Silking Interval (ASI): Calculated as DS minus DTA, indicating flowering synchrony and stress sensitivity; Morphological Traits included Leaf Area (LA, cm²): Measured on the ear leaf at silking stage using the formula: Length × Maximum Width × 0.75, Ear Height (EH, cm): Measured from ground level to the node bearing the primary ear Plant Height (PH, cm): Measured from ground level to the tip of the tassel, Cob and Kernel Traits such as Cob Length (CL, cm): Measured from base to tip of shelled cob, Cob Girth (CG, cm): Measured at the widest point of the cob  Kernel Rows Per Cob (KRPC): Counted on fully developed cobs, Kernels Per Row (KPR): Counted along the longest row, Grain Weight (GW, g): 100-grain weight at 15% moisture content,  Shelling Percentage (SP, %): Calculated as (grain weight / cob weight) × 100, Yield Traits comprised of Grain Yield Per Plant (GYPPL, g): Average grain weight per plant adjusted to 15% moisture, Cob Weight Per Plant (CWPPL, g): Average cob weight per plant including grains,  Grain Yield Per Plot (GYPP, kg): Total plot grain yield adjusted to 15% moisture and converted to kg. For phenological traits, observations were recorded on whole-plot basis when the specified threshold (50%) was reached. For morphological, cob, and yield traits, measurements were taken on five randomly selected competitive plants from the central row of each plot to minimize border effects.
2.3 Statistical Analysis
Statistical analysis was carried out using the mean values of all recorded traits to quantify the extent of variability present among the genotypes. The Analysis of Variance (ANOVA) was executed in R software (version 4.4.3) following a randomized complete block design (RCBD) framework, which enabled the evaluation of genotypic differences. The analytical approach adhered to the procedure outlined by Panse and Sukhatme (1985), Estimates of phenotypic and genotypic coefficients of variation were derived based on the method proposed by Burton and De Vane (1953). Broad-sense heritability (h²b), expected genetic advance (GA), and genetic advance expressed as a percentage of the mean (GAM) were also computed within the same analytical environment.
3. Results and Discussion 
3.1. Analysis of Variance and Trait Variability
The Analysis of Variance (ANOVA) demonstrated highly significant statistical differences (P-value less than 0.01) among the inbreds for all 16 traits studied (e.g., DTA P-value 0.0036; ASI P-value 1.1 x 10-16), confirming the presence of substantial genetic variability suitable for selection. Crucially, the "Replication" component was Non-Significant (NS) for all traits (e.g., DTA P-value 0.7050; ASI P-value 0.3458), confirming that the Environmental Variance (EV), calculated from the Residual Mean Square, is a reliable estimate of non-heritable effects, rather than localized experimental error (Table 3) supporting the findings of Hasan et al. (2025)
Variability Estimates (Genotypic Variance, Phenotypic Variance, and Coefficients): Leaf Area (LA) displayed the largest Environmental Variance (EV) (3955.42) and the highest Environmental Coefficient of Variation (ECV) (12.62%), confirming its high susceptibility to non-heritable environmental fluctuations. High ECV was also observed for Cob Weight Per Plant (CWPPL) (10.98%) and Grain Yield Per Plot (GYPP) (10.36%). Conversely, Anthesis Silking Interval (ASI) exhibited a minimal EV (0.01) and the lowest ECV (2.93%), signifying high environmental stability. The observed variation in this study corroborates the results reported by Jilo et al. (2018); Kandel et al. (2018)
LA also showed the highest Genotypic Variance (GV) (1855.40), followed by CWPPL (71.15) and Grain Yield Per Plant (GYPPL) (38.04). The highest Genotypic Coefficient of Variation (GCV) was recorded for ASI (13.75%), followed by yield components like CWPPL (9.53%) and GYPPL (8.94%). Traits with low GCV (e.g., Days to Dry Husk (DDH) 1.02%, Days to Anthesis (DTA) 1.32%) indicate a restricted genetic base, limiting potential genetic gains. The Phenotypic Coefficient of Variation (PCV) was consistently higher than the GCV for all traits, reinforcing the masking effect of Environmental Variance. This masking effect was most pronounced in LA, where the largest difference between PCV (15.30%) and GCV (8.64%) was observed which align closely with findings of Khan and Mahmud, (2021)
3.2. Heritability, Genetic Advance, and Gene Action Interpretation
The interpretation of Heritability (H), Genetic Advance (GA), and GA as % of Mean provides critical insight into the genetic control mechanisms, which directly influence the choice and efficiency of breeding strategies.
Additive Gene Action (High H, High GA): Anthesis Silking Interval (ASI) exhibited extremely high Heritability (0.96) and the highest GA as % of Mean (27.70%), with a raw Genetic Advance (GA) of 1.07. This outstanding correlation, combined with its minimal ECV, confirms control predominantly by additive genes, establishing ASI as the most reliable and efficient trait for direct phenotypic selection. Other traits also showing this strong additive correlation are Maturity Period (MP) and Leaf Width (LW) (Heritability 0.81 to 0.96, GA as % of Mean 17.77% to 27.70%). The pattern of high heritability coupled with high genetic advance observed here agrees with the conclusions drawn by Ogunniyan and Olakojo, (2014)
Mixed Gene Action (Moderate H, High GA): Yield components, including CWPPL (H 0.43, GA as % of Mean 12.86%) and GYPPL (H 0.43, GA as % of Mean 12.09%), show moderate Heritability but high GA, indicating sufficient additive variance for successful selection, provided the high Environmental Variance (EV) is managed. Kernels Per Row (KPR) (H 0.46, GA as % of Mean 11.66%) also exhibits this pattern. The correlation here is that improvement is possible due to sufficient Genotypic Variance (GV), but the high EV dictates that selection must be conducted meticulously in controlled or highly replicated environments to stabilize the genetic gains which supports earlier findings of Yadesa et al. (2022)
Non-Additive Gene Action (Low H, Low GA): Traits with low Heritability and low GA as % of Mean (below 5.00%) are primarily influenced by non-additive gene action (dominance and epistasis) and are poor targets for conventional direct selection. These include: DDH (H 0.20, GA as % of Mean 0.95%), Days to Silking (DS) (H 0.22, GA as % of Mean 1.19%), and DTA (H 0.23, GA as % of Mean 1.31%). Grain Weight (GW) (H 0.20, GA as % of Mean 4.40%) and Plant Height (PH) (H 0.2395) also fall into this low Heritability category. The minimal GA as % of Mean confirms that non-additive effects and environmental noise heavily mask genetic differences, rendering direct selection ineffective. Similar outcomes were reported by Wedwessen and Zeleke, (2020); Sravanti et al. (2017)
3.3. Specific Trait Analysis and Environmental Masking
Impact of EV on LA and Environmental Masking: Leaf Area (LA) provides the strongest example of environmental masking. Its raw Genetic Advance (GA) is the largest (50.14), driven by its enormous GV (1855.40). However, its low Heritability (0.32) is a result of being overwhelmed by the highest Environmental Variance (EV 3955.42), reducing its GA as % of Mean to only 10.06%. Selecting for LA directly is unreliable due to its high ECV (12.62%) which supports earlier findings of Roy et al. (2018); Magar et al. (2021)
Additive Traits and Economic Stability (ASI, CWPPL, GYPPL): The findings strongly support ASI as the most reliable trait for genetic improvement. Its high Heritability (0.9565) and low ECV (2.9334%) confirm its stability, translating economically into superior yield stability by ensuring kernel setting under environmental stress conditions. CWPPL and GYPPL, despite high EV (94.5541 and 50.2593, respectively) and high ECV (around 10.5%), show sufficient GV to produce high GA as % of Mean (12.8627% and 12.0929%). This structure confirms that direct selection is feasible and economically desirable for maximizing grain output, provided the selection process minimizes the impact of high EV through strict replication. The pattern of high heritability coupled with high genetic advance observed here agrees with the conclusions drawn by Pradhan et al. (2022); Sesay et al. (2016)
Environmental Stability Contrast: Traits with high Genotypic Variance and low Environmental Variance (e.g., ASI: Genotypic Variance 0.2799, Environmental Variance 0.0127) are environmentally stable. In contrast, traits where Environmental Variance exceeds Genotypic Variance (e.g., PH: Genotypic Variance 34.4692, Environmental Variance 109.4660) are environmentally sensitive and absolutely require multi-location testing. Similar outcomes were reported by Shrestha et al. (2023)
3.4. Ranking of Traits for Selection Efficiency
Traits are ranked based on the combination of expected genetic gain (GA as % of Mean) and selection reliability (Heritability):
1. Highest Efficiency: ASI (27.6994% GA, 0.9565 Heritability) – Offers maximum gain per cycle.
2. High Potential: CWPPL, KPR, GYPPL, GYPP (11–13% GA, 0.41–0.46 Heritability) – Significant gains, justifying intensive resource investment.
3. Moderate Efficiency: Cob Girth (CG, 9.0445% GA, 0.3638 Heritability), Cob Length (CL, 8.4925% GA, 0.3585 Heritability).
4. Low Efficiency: DTA, DS, DDH, GW, SP (GA as % of Mean less than 5%) – Poor targets for conventional selection.
Conclusion
The rigorous analysis of ANOVA, Grand Mean, Genotypic Variance (GV), Phenotypic Variance (PV), Environmental Variance (EV), Heritability (H), and Genetic Advance (GA) provides a robust framework for genetic improvement in maize. Anthesis Silking Interval (ASI) stands out as the most predictable trait due to its extremely high Heritability (0.96) and minimal Environmental Coefficient of Variation (2.93%). Core yield components (CWPPL, GYPPL) also show high potential for direct selection due to large raw Genetic Advance values, provided the high EV is mitigated through careful experimental design. Ultimately, a successful breeding program must integrate direct selection on additive traits (ASI, CWPPL) with targeted heterosis breeding to overcome the limitations imposed by low Heritability and non-additive gene control in crucial phenological traits (DTA, DS, DDH).
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Table 1. List of 50 Maize Inbred Lines Used in the Study
	S.No.
	Inbred Name
	S.No.
	Inbred Name

	I1
	HUZM-242
	I26
	HUZM-379

	I2
	HUZM-227
	I27
	HUZM-91-1

	I3
	HUZM-53
	I28
	CML*335-BB

	I4
	HUZM-20
	I29
	HUZM-350-1

	I5
	HUZM-70
	I30
	HUZM-2

	I6
	HUZM-79
	I31
	CML-163

	I7
	HUZM-597
	I32
	HUZM-152

	I8
	HUZM-582
	I33
	DMR QPM-58

	I9
	HUZM-246
	I34
	CML-576

	I10
	HUZM-185-2
	I35
	CML-394

	I11
	HUZM-77
	I36
	CML-203

	I12
	HUZM-187
	I37
	CML-499

	I13
	CML-558
	I38
	CML-172

	I14
	LTP-1
	I39
	CML-100

	I15
	HUZM-345
	I40
	CML-559

	I16
	HUZM-722
	I41
	CML-101

	I17
	HUZM-88
	I42
	CML-482

	I18
	HUZM-221
	I43
	CML-419

	I19
	DMR QPM-03-113
	I44
	CML-77

	I20
	HKI-C-323
	I45
	CML-498

	I21
	CML-4510
	I46
	CML-549

	I22
	HUZM-21
	I47
	CML-141

	I23
	HKI-191-12-5
	I48
	CML-451

	I24
	HKI-31-2
	I49
	LM-13

	I25
	HUZM-148
	I50
	LM-14









Table2. Mean Performance of Inbred Lines (I1–I50) for Agronomic and Yield Traits
	Inbred No.
	Inbred Lines
	Days to Anthesis (DTA)
	Days to Silking (DS)
	Days to Dry Husk (DDH)
	Anthesis Silking Interval (ASI)
	Leaf Area (cm)2(LA)
	Ear Height (cm) (EH)
	Plant Height (cm) (PH)
	Cob Length (cm) (CL)
	Cob Girth (cm) (CG)
	Kernel Rows Per Cob (KRPC)
	Kernels Per Row (KPR)
	Grain Weight (g) (GW)
	Shelling Percentage (SP)
	Grain Yield Per Plant (g) (GYPPL)
	Cob Weight Per Plant (g) (CWPPL)
	Grain Yield Per Plot (kg) (GYPP)

	I 1
	HUZM-242
	105
	110
	141
	5
	539.94
	70.06
	136.61
	11.74
	4.01
	11.76
	26.55
	21.65
	80.24
	60.71
	75.69
	0.91

	I 2
	HUZM-227
	104
	108
	137
	4
	427.55
	66.21
	125.18
	11.92
	4.53
	11.89
	23.54
	20.09
	76.24
	86.48
	113.42
	0.86

	I 3
	HUZM-53
	105
	109
	140
	4
	571.6
	67.96
	127.8
	12.16
	3.62
	12.74
	26.93
	21.43
	77.34
	78.91
	102.09
	0.83

	I 4
	HUZM-20
	104
	108
	138
	4
	469.66
	66.06
	126.11
	11.86
	3.44
	12.1
	24.49
	21.13
	75.25
	82.94
	110.2
	0.83

	I 5
	HUZM-70
	108
	113
	144
	4
	515.28
	63.65
	120.19
	11.72
	3.78
	11.98
	29.28
	20.57
	75.59
	77.25
	101.95
	0.88

	I 6
	HUZM-79
	107
	111
	141
	4
	506.16
	74
	139.77
	11.7
	4.32
	12.09
	24.91
	19.99
	80.2
	74.39
	92.84
	0.86

	I 7
	HUZM-597
	106
	110
	140
	4
	480.86
	69.88
	137.09
	11.52
	3.42
	14.06
	25.2
	21.48
	77.73
	77.17
	99.44
	0.9

	I 8
	HUZM-582
	108
	112
	142
	4
	526.38
	64.99
	121.77
	13.04
	4.36
	13.37
	24.13
	21.13
	76.62
	71.93
	93.66
	0.84

	I 9
	HUZM-246
	107
	111
	141
	4
	525.75
	56.42
	112.19
	11.34
	4.7
	12.07
	29.74
	21.25
	78.94
	81.14
	102.88
	0.81

	I 10
	HUZM-185-2
	108
	112
	143
	4
	538.23
	58.26
	115.2
	11.94
	3.66
	12.51
	26.82
	21.28
	79.85
	64.6
	80.95
	0.85

	I 11
	HUZM-77
	108
	112
	142
	3
	468.99
	59.87
	115.05
	12.38
	3.47
	12.12
	27.34
	18.37
	77.78
	68.16
	87.97
	0.67

	I 12
	HUZM-187
	107
	111
	141
	3
	489.02
	66.39
	134.86
	11.49
	3.76
	12.83
	21.98
	19.74
	77.53
	73.94
	95.49
	0.67

	I 13
	CML-558
	103
	107
	137
	4
	528.87
	63.06
	122.56
	11
	4.09
	11.24
	26.91
	19.32
	77.41
	62.14
	80.26
	0.63

	I 14
	LTP-1
	107
	110
	140
	4
	495.26
	61.81
	117.62
	10.82
	4.15
	11.89
	29.26
	21.25
	77.81
	68.52
	88
	0.84

	I 15
	HUZM-345
	111
	115
	144
	5
	546.76
	60.01
	120.73
	9.8
	3.47
	11.32
	20.19
	20.69
	80.32
	57.64
	71.78
	0.69

	I 16
	HUZM-722
	105
	110
	139
	5
	524.16
	58.02
	118.17
	12.18
	4.38
	11.58
	27.36
	19.32
	80.77
	67.13
	83.15
	0.71

	I 17
	HUZM-88
	109
	112
	142
	4
	488.88
	62.08
	121.7
	13.21
	3.52
	12.45
	28.83
	20.96
	76.32
	73.42
	96.38
	0.76

	I 18
	HUZM-221
	108
	111
	142
	4
	551.76
	58.35
	115.01
	10.19
	4.25
	11.24
	21.99
	23.72
	75.37
	75.67
	100.54
	0.69

	I 19
	DMR QPM-03-113
	109
	112
	143
	3
	484.45
	69.5
	137.63
	11.55
	4.29
	11.49
	29.33
	19.21
	80.36
	64.24
	80.33
	0.67

	I 20
	HKI-C-323
	108
	111
	143
	4
	605.72
	61.15
	120.57
	13.66
	4.43
	11.26
	23.81
	22.72
	76.87
	64.5
	83.87
	0.7

	I 21
	CML-4510
	107
	111
	142
	3
	379.59
	61.42
	125.08
	10.14
	4.51
	13.92
	25.59
	20.01
	78.49
	67.58
	86
	0.71

	I 22
	HUZM-21
	106
	110
	140
	4
	444.1
	60.26
	120.14
	9.81
	4.29
	11.97
	26.17
	18.64
	76.54
	73.27
	96.39
	0.63

	I 23
	HKI-191-12-5
	107
	110
	142
	4
	439.34
	64.59
	128.61
	13.15
	4.28
	12.61
	24.39
	20.31
	75.26
	72.39
	95.91
	0.71

	I 24
	HKI-31-2
	107
	112
	143
	4
	476.95
	60.35
	122.87
	10.85
	4.43
	13.25
	24.43
	20.97
	77.25
	68.51
	88.89
	0.67

	I 25
	HUZM-148
	104
	108
	139
	4
	539.65
	65.88
	132.27
	10.33
	3.81
	10.68
	22.23
	22.95
	75.43
	59.24
	78.62
	0.75

	I 26
	HUZM-379
	108
	111
	142
	3
	454.22
	60.1
	119.71
	10.88
	4.62
	12.87
	27.75
	21.63
	79.64
	72.66
	91.36
	0.73

	I 27
	HUZM-91-1
	105
	109
	139
	4
	463
	67.42
	137
	11.55
	4.13
	11.48
	26.82
	19.91
	75.72
	61.68
	81.53
	0.61

	I 28
	CML*335-BB
	108
	112
	143
	4
	539.57
	56.53
	113.85
	12.68
	4.34
	12.12
	26.66
	18.04
	77.08
	59.27
	76.94
	0.67

	I 29
	HUZM-350-1
	107
	111
	141
	4
	477.48
	67.21
	132.85
	10.45
	3.31
	14.28
	28.56
	18.37
	71.59
	77.88
	108.78
	0.69

	I 30
	HUZM-2
	106
	109
	141
	3
	537.89
	57.86
	118.1
	11.65
	4.08
	11.92
	22
	22.59
	78.34
	66.98
	85.66
	0.74

	I 31
	CML-163
	109
	112
	143
	3
	555.39
	57.52
	118.54
	12.58
	4.32
	13.25
	25.2
	23.54
	76.56
	67.62
	88.8
	0.79

	I 32
	HUZM-152
	108
	112
	143
	4
	439.8
	72.11
	144.84
	10.56
	3.68
	11.73
	26.01
	23.42
	80.3
	82.13
	102.25
	0.77

	I 33
	DMR QPM-58
	107
	110
	140
	3
	408.93
	61.13
	124.45
	12
	4.46
	11.97
	27.91
	19.64
	78.48
	68.54
	87.57
	0.69

	I 34
	CML-576
	105
	109
	139
	4
	504.59
	55.14
	111.77
	12.29
	4.04
	13.03
	26.9
	21.75
	78.25
	64.78
	82.6
	0.62

	I 35
	CML-394
	104
	107
	136
	3
	532.92
	58.39
	117.98
	11.87
	4.21
	11.94
	28.49
	18.64
	76.97
	60.61
	78.75
	0.71

	I 36
	CML-203
	112
	116
	146
	3
	447.54
	67.95
	133.62
	10.26
	4
	12.49
	21.77
	18.59
	79.22
	69.28
	87.59
	0.66

	I 37
	CML-499
	106
	110
	141
	4
	526.9
	60.49
	120.64
	11.56
	3.58
	11.72
	25.27
	19.77
	81.93
	59.94
	73.24
	0.7

	I 38
	CML-172
	107
	110
	141
	3
	519.35
	65.74
	133.81
	10.87
	4.27
	12.01
	25.11
	20.64
	82.95
	74.47
	89.85
	0.81

	I 39
	CML-100
	106
	110
	140
	5
	525.33
	61.26
	122.88
	9.87
	3.78
	12.43
	28.85
	22.96
	75.93
	61.57
	81.13
	0.68

	I 40
	CML-559
	106
	111
	141
	4
	643.56
	68.35
	134.44
	10.42
	4.35
	10.26
	27.05
	21.04
	76.26
	60.29
	78.96
	0.74

	I 41
	CML-101
	108
	111
	141
	3
	585.37
	62.15
	125.27
	10.86
	4.45
	11.84
	24.49
	19.4
	77.33
	71.66
	92.88
	0.78

	I 42
	CML-482
	107
	110
	140
	3
	442.65
	68.6
	136.7
	11.04
	3.55
	10.51
	25.16
	22.01
	74.7
	58.21
	78.04
	0.7

	I 43
	CML-419
	109
	113
	144
	3
	492.47
	58.69
	119.46
	10.22
	3.87
	10.62
	22.5
	18.27
	74.98
	59.38
	79.12
	0.69

	I 44
	CML-77
	107
	111
	142
	4
	445.87
	65.1
	128.46
	10.9
	3.62
	12.14
	30.36
	19.61
	81.06
	69.77
	86.4
	0.65

	I 45
	CML-498
	106
	110
	140
	4
	480.16
	61.63
	122.12
	11.04
	4.04
	13.36
	21.73
	21.7
	82.5
	67.75
	82.2
	0.78

	I 46
	CML-549
	107
	110
	141
	3
	407.75
	64.9
	130.59
	11.55
	4.42
	9.97
	30.6
	19.83
	78.31
	61.92
	79.23
	0.79

	I 47
	CML-141
	111
	115
	146
	5
	465.08
	68.27
	137.84
	13.07
	3.89
	11.35
	24.73
	20.27
	78.48
	77.95
	99.4
	0.69

	I 48
	CML-451
	111
	115
	144
	3
	477.4
	64.51
	129.87
	12.03
	4.29
	12.47
	22.23
	20.74
	81.24
	62.07
	76.72
	0.75

	I 49
	LM-13
	104
	108
	138
	4
	378.19
	59.07
	118.72
	13
	4.39
	13.86
	27.14
	23.54
	83.02
	76.54
	92.41
	0.78

	I 50
	LM-14
	109
	113
	145
	4
	598.88
	55.38
	111.07
	9.98
	3.84
	12.68
	25.95
	19.93
	81.08
	63.04
	78.08
	0.7

	Grand Mean
	106.97
	110.82
	141.25
	3.85
	498.3
	63.11
	125.19
	11.45
	4.05
	12.13
	25.81
	20.68
	78.07
	68.96
	88.52
	0.74

	Maximum
	113.8
	118.27
	149.26
	5.05
	674.57
	76.03
	150.25
	14.31
	5.08
	15.76
	33.72
	25.36
	84.48
	89.87
	117.36
	0.97

	Minimum
	101.3
	104.73
	133.73
	2.81
	323.87
	50.75
	104.28
	9.15
	3.07
	9.01
	17.49
	17.19
	71.06
	47.52
	62.13
	0.52

	Range
	12.5
	13.54
	15.53
	2.24
	350.7
	25.29
	45.97
	5.16
	2.01
	6.75
	16.23
	8.17
	13.42
	42.35
	55.23
	0.45

	SEm
	1.49
	1.49
	1.65
	0.07
	36.31
	2.91
	6.04
	0.61
	0.23
	0.66
	1.36
	1.14
	1.71
	4.09
	5.61
	0.04

	SEd
	2.1
	2.11
	2.33
	0.09
	51.35
	4.11
	8.54
	0.86
	0.32
	0.94
	1.93
	1.61
	2.41
	5.79
	7.94
	0.06

	CD at 1%
	5.52
	5.55
	6.12
	0.24
	134.9
	10.8
	22.44
	2.26
	0.84
	2.46
	5.06
	4.22
	6.34
	15.21
	20.86
	0.16

	CV%
	2.41
	2.34
	2.02
	2.93
	12.62
	7.97
	8.36
	9.21
	9.63
	9.47
	9.14
	9.52
	3.79
	10.28
	10.98
	10.36



This table provides the mean values for all 50 inbred lines (I1–I50) for the specified traits, derived from the Randomized Block Design (RBD) analysis. The summary statistics below the means provide context for the overall variability observed for each trait.


	
Table 3. Analysis of Variance for 16 Agronomic and Yield Traits in 50 Maize Inbred Lines
	Trait
	Mean Square
	CV (%)

	
	Replication (DF=2)
	Genotypes (DF=49)
	Error (DF=98)
	

	Days to Anthesis (DTA)
	2.33 NS
	12.60**
	6.63
	2.41

	Days to Silking (DS)
	2.08 NS
	12.32**
	6.70
	2.34

	Days to Dry Husk (DDH)
	3.21 NS
	14.39**
	8.13
	2.02

	Anthesis-Silking Interval (ASI)
	0.01 NS
	0.85**
	0.01
	2.93

	Leaf Area (LA, cm²)
	1384.98 NS
	9521.63**
	3955.42
	12.62

	Ear Height (EH, cm)
	77.49 NS
	63.18**
	25.33
	7.97

	Plant Height (PH, cm)
	236.60 NS
	212.87**
	109.47
	8.36

	Cob Length (CL, cm)
	0.33 NS
	2.98**
	1.11
	9.21

	Cob Girth (CG, cm)
	0.04 NS
	0.41**
	0.15
	9.63

	Kernel Rows Per Cob (KRPC)
	0.80 NS
	2.70**
	1.32
	9.47

	Kernels Per Row (KPR)
	2.96 NS
	19.60**
	5.57
	9.14

	Grain Weight (GW, g)
	11.88*
	6.79**
	3.87
	9.52

	Shelling Percentage (SP, %)
	3.13 NS
	17.34**
	8.74
	3.79

	Grain Yield Per Plant (GYPPL, g)
	19.19 NS
	164.37**
	50.26
	10.28

	Cob Weight Per Plant (CWPPL, g)
	18.97 NS
	308.01**
	94.55
	10.98

	Grain Yield Per Plot (GYPP, kg)
	0.02 NS
	0.02**
	0.01
	10.36


**Significant at P<0.05, **Significant at P<0.01, NS = Non-Significant
Table 4. Detailed Genetic Parameters for 16 Maize Traits (Source)
	Trait Full Name
	Grand Mean
	Genotypic Variance (GV)
	Phenotypic Variance (PV)
	Environmental Variance (EV)
	Heritability (H)
	GCV (%)
	PCV (%)
	ECV (%)
	Genetic Advance (GA)
	GA as % of Mean (%)

	ASI
	3.85
	0.28
	0.29
	0.01
	0.96
	13.75
	14.06
	2.93
	1.07
	27.70

	CWPPL
	88.52
	71.15
	165.71
	94.55
	0.43
	9.53
	14.54
	10.98
	11.39
	12.86

	GYPPL
	68.96
	38.04
	88.30
	50.26
	0.43
	8.94
	13.63
	10.28
	8.34
	12.09

	KPR
	25.81
	4.68
	10.24
	5.57
	0.46
	8.38
	12.40
	9.14
	3.01
	11.66

	GYPP
	0.74
	0.0040
	0.0099
	0.0059
	0.41
	8.58
	13.45
	10.36
	0.08
	11.28

	LA
	498.30
	1855.40
	5810.82
	3955.42
	0.32
	8.64
	15.30
	12.62
	50.14
	10.06

	CG
	4.05
	0.09
	0.24
	0.15
	0.36
	7.28
	12.07
	9.63
	0.37
	9.04

	CL
	11.45
	0.62
	1.73
	1.11
	0.36
	6.89
	11.50
	9.21
	0.97
	8.49

	EH
	63.11
	12.62
	37.95
	25.33
	0.33
	5.63
	9.76
	7.97
	4.22
	6.68

	KRPC
	12.13
	0.46
	1.78
	1.32
	0.26
	5.59
	10.99
	9.47
	0.71
	5.86

	PH
	125.19
	34.47
	143.94
	109.47
	0.24
	4.69
	9.58
	8.36
	5.92
	4.73

	GW
	20.68
	0.97
	4.85
	3.87
	0.20
	4.77
	10.65
	9.52
	0.91
	4.40

	SP
	78.07
	2.87
	11.61
	8.74
	0.25
	2.17
	4.36
	3.79
	1.73
	2.22

	DTA
	106.97
	1.99
	8.62
	6.63
	0.23
	1.32
	2.75
	2.41
	1.40
	1.31

	DS
	110.82
	1.87
	8.57
	6.70
	0.22
	1.24
	2.64
	2.34
	1.32
	1.19

	DDH
	141.25
	2.09
	10.22
	8.13
	0.20
	1.02
	2.26
	2.02
	1.35
	0.95



Table 5. Comparative Classification of 16 Traits Based on Genetic Parameters showing Breeding and Economic Implications and Correlation
	Category
	Heritability (H)
	GA as % of Mean (%)
	Key Parameter Correlation
	Traits (Full Name)
	Breeding Strategy
	Economic Aspect

	Highly Additive
	Very High (H 0.90)
	Very High (GA 25%)
	GV high; EV low; ECV low
	Anthesis Silking Interval (ASI)
	Direct Phenotypic Selection
	Yield Stability, Stress Tolerance

	High Potential
	Moderate (H 0.40 - 0.46)
	High (GA 11% - 13%)
	GV sufficient; EV high; ECV high
	CWPPL, GYPPL, KPR, GYPP
	Direct Selection (with Replication)
	Maximized Biomass, High Yield Output

	Moderate Potential
	Moderate (H 0.30 - 0.37)
	Moderate (GA 8% - 11%)
	GV intermediate; EV high; GA raw high (LA)
	LA, CL, CG, EH
	Indirect Selection, Screening
	Canopy Efficiency, Structural Integrity

	Low Potential
	Low (H 0.26)
	Low (GA 6%)
	GV low; EV high; GCV low
	DDH, DS, DTA, GW, PH, KRPC, SP
	Heterosis Breeding (Hybridization)
	Phenological Control, Quality Stabilty



Table 6. Correlation Among Genetic Parameters and Breeding Efficiency
	Genetic Parameter Relationship
	Traits Exhibiting Trend
	Interpretation & Gene Action
	Breeding Efficiency

	High Heritability & GCV≈PCV
	ASI
	Genotypic Variance dominates Phenotypic Variance. Additive gene action confirmed.
	Highest return; reliable phenotypic selection; environmentally stable.

	Moderate Heritability & GCV < PCV
	GYPPL, CWPPL
	Environmental Variance significantly masks genetic potential. Mixed additive and non-additive control.
	High potential gain but requires multi-location testing and hybrid breeding for realization.

	Low Heritability & GCV << PCV
	DTA, DDH, GW
	Environmental Variance strongly dominates; low Genotypic Variance indicates a narrow base. Non-additive gene action or high Genotype x Environment.
	Minimal conventional progress; selection is unreliable and costly; requires molecular tools.






