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Assessment of Genetic Variability and Character Associations in Maize (Zea mays L.) Inbred Lines

Abstract
This study was undertaken to quantify the extent of genetic variability, characterise trait associations, and partition the direct and indirect effects of yield components on grain yield in maize (Zea mays L.). Thirty inbred lines were evaluated for sixteen quantitative characters in a randomised block design replicated three times. Analysis of variance detected highly significant differences among the inbred lines for every character, confirming a broad base of genetic variability in the material. The phenotypic coefficient of variation (PCV; 4.13–117.97%) exceeded the genotypic coefficient (GCV; 4.13–115.89%) only marginally for all traits, both being high for cob length (115.89, 117.97), days to 50% pollen shed (43.70, 43.73), flag leaf length (26.22, 26.24) and flag leaf width (24.65, 26.37). Broad-sense heritability was consistently high (72.61–99.86%), and the combination of high heritability with high genetic advance as per cent of mean—recorded for cob length (91.53%, 242.70%), days to 50% pollen shed (99.54%, 89.97%), flag leaf length (92.65%, 53.98%), tassel length (88.16%, 34.70%) and cob diameter (92.59%, 31.87%)—points to predominantly additive gene action and to the effectiveness of straightforward selection for these traits; because the estimates derive from a single season and location, however, they require confirmation across multiple environments. Grain yield per plant was significantly and positively correlated, at both the genotypic and phenotypic levels, with cob weight, test weight, number of cobs per plant, cob compact index, cob length and shelling percentage, the corresponding genotypic correlations being 0.581**, 0.562**, 0.523**, 0.512**, 0.472** and 0.448*. Path coefficient analysis interpreted in light of the strong intercorrelation among yield components (genotypic residual effect 0.2561) identified cob length (0.459), cob weight (0.412), shelling percentage (0.354) and cob compact index (0.276) as the traits with the highest positive direct effects on grain yield. These traits are accordingly proposed as reliable selection criteria for improving grain yield in maize.
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1. Introduction
Maize (Zea mays L.) is one of the most important and versatile cereal crops in the world, cultivated across a wide range of agro-climatic conditions and valued for its use as food, feed and industrial raw material. Owing to its steadily increasing demand, the continued genetic enhancement of grain yield and adaptation remains a major objective of maize breeding programmes (Reddy et al., 2022; Ayesiga et al., 2023). Grain yield, however, is a complex quantitative trait controlled by many component characters and their interactions and is strongly influenced by the environment, which makes direct selection for yield alone relatively inefficient (Alam et al., 2022; Olivoto et al., 2017). Recent evidence from diverse maize inbred panels has likewise shown that phenotypic differentiation among agronomic traits and underlying genetic diversity provide a useful basis for selecting breeding material (Dube et al., 2023).
An understanding of the nature and magnitude of genetic variability in the available germplasm is therefore essential for planning an effective breeding programme. Partitioning the observed variability into its heritable and non-heritable components through the genotypic and phenotypic coefficients of variation, broad-sense heritability and genetic advance provides a useful basis for identifying traits amenable to improvement through phenotypic selection, although estimates obtained from a single environment are best regarded as environment-specific rather than universally generalisable (Prasanna, 2012; Magar et al., 2021). High heritability accompanied by high genetic advance as per cent of mean is particularly informative, as it indicates the predominance of additive gene action and the likelihood of realising genetic gains through simple selection (Ilyas et al., 2019). Field evaluation of maize segregating generations has similarly shown that joint consideration of variability, heritability and genetic advance can help identify traits with useful selection potential (Keshamalla et al., 2024). Related work within Zea germplasm has also demonstrated the value of integrating agro-morphological and genotypic diversity assessment when identifying variation relevant to breeding (El-Nahrawy et al., 2023).
Improvement of a complex trait such as grain yield is often achieved more efficiently through selection for its correlated component characters. Correlation analysis reveals the nature and degree of association between yield and its contributing traits, but the correlation coefficient alone may be misleading because an association may arise indirectly through the effects of other characters (Jagadeesh et al., 2022). Path coefficient analysis overcomes this limitation by partitioning the correlation into direct and indirect effects, thereby identifying the traits that exert a true causal influence on yield and enabling the construction of more effective selection indices, although, where component traits are highly intercorrelated, standard path analysis can be influenced by multicollinearity, for which sequential path analysis has been recommended (Olivoto et al., 2017). More recent maize breeding studies further indicate that information on yield-related traits can strengthen selection when genetic effects are considered across diverse genetic backgrounds and environments (Xiang et al., 2024; Zhen et al., 2025).
Within the present study framework, a methodological gap remains between documenting variability in the 30 inbred lines and identifying which of the sixteen quantitative characters are most closely associated with grain yield through both correlation and path analysis. Addressing these components together is necessary to distinguish traits that combine useful variability with consistent direct or indirect relationships with grain yield under the stated Kharif 2023–24 field conditions.
Keeping these considerations in view, the present investigation was undertaken in a set of 30 maize inbred lines to estimate the genetic variability, heritability and genetic advance for grain yield and its component characters, and to determine the nature and magnitude of their mutual associations together with the direct and indirect effects of the component traits on grain yield through correlation and path coefficient analysis.
2. Materials and Methods
2.1. Experimental material and site
The experimental material comprised thirty maize (Zea mays L.) inbred lines evaluated under field conditions during the Kharif season of 2023–24 at the Research Farm of the Faculty of Agriculture Science and Technology, AKS University, Satna (M.P.), India. The crop was raised following the recommended package of agronomic practices for maize, and standard plant-protection measures were adopted to raise a healthy crop.
2.2. Experimental design and observations
The trial was laid out in a randomised complete block design with three replications, and observations were recorded on five randomly selected competitive plants in each plot for sixteen quantitative characters. These comprised two phenological traits, namely days to 50 % pollen shed and days to 50 % silking; four vegetative traits, namely plant height (cm), ear height (cm), flag leaf length (cm) and flag leaf width (cm); and ten ear, yield-component and yield traits, namely tassel length (cm), number of cobs per plant, cob length (cm), cob diameter (cm), cob weight (g), number of rows per cob, cob compact index, shelling percentage (%), test weight (g) and grain yield per plant (g).
3. Statistical analysis
All data recorded on the sixteen characters were subjected to analysis of variance (ANOVA) appropriate to the randomised complete block design in order to test the significance of differences among the inbred lines (Panse & Sukhatme, 1967). The genotypic and phenotypic coefficients of variation (GCV and PCV) were estimated following Burton and DeVane (1953), while broad-sense heritability (h²) and the expected genetic advance were computed as suggested by Johnson et al. (1955). Genotypic and phenotypic correlation coefficients among all pairs of characters were worked out according to Al-Jibouri et al. (1958), and the correlations of the component characters with grain yield were further partitioned into their direct and indirect effects by path coefficient analysis as proposed by Dewey and Lu (1959). All computations were carried out in R version 4.4.1 using the agricolae and metan packages, while data compilation and preprocessing were performed in Python 3.12 with the pandas library.

4. Results and Discussion
4.1. Analysis of variance for experimental design (RBD)
The analysis of variance for the Randomised Block Design revealed highly significant differences among the 30 maize inbred lines for all 16 characters studied, confirming the presence of substantial genetic variability in the experimental material and supporting its suitability for further biometrical analysis within this single environment (Table 1) (Ayesiga et al., 2023; Reddy et al., 2022). Significant treatment mean squares were recorded for phenological, vegetative, and reproductive traits, indicating genetic diversity among the genotypes under investigation (Badu-Apraku et al., 2021; Patel et al., 2024). The treatment mean squares were significant at the 1% level for every trait, indicating that large, statistically detectable differences existed among the genotypes within this environment (Reddy et al., 2022). Among the characters, traits such as plant height, ear height, flag leaf length, shelling percentage, and test weight recorded the highest treatment variances, representing key targets for selection and maize improvement (Ayesiga et al., 2023). The presence of highly significant genotypic differences for all the characters studied is in close agreement with the recent findings of Maphumulo et al. (2015), Alam et al. (2022) and Patel et al. (2024), who likewise reported significant variation among maize inbred lines for grain yield and its contributing traits.
4.2. Genetic variability parameters
The nature and magnitude of the genetic variability present in the experimental material were assessed through the genotypic and phenotypic coefficients of variation (GCV and PCV), the environmental coefficient of variation (ECV), broad-sense heritability, genetic advance (GA) and genetic advance as % of mean (GAM); the estimates of these parameters for the 16 characters are presented in Table 2. A knowledge of these parameters is essential for formulating an effective selection strategy, it being understood that estimates from a single site and season may require refinement through multi-environment data, since the coefficients of variation measure the extent of variability available in the material, heritability indicates the proportion of that variability which is heritable and hence transmitted to the progeny, and genetic advance reflects the expected genetic gain under selection. The results pertaining to these parameters are presented and discussed below.
The genotypic coefficient of variation (GCV) ranged from 4.13 % (plant height) to 115.89 % (cob length), while the phenotypic coefficient of variation (PCV) ranged from 4.13 % (plant height) to 117.97 % (cob length) (Table 2) (Alam et al., 2022). For all 16 characters, the PCV was marginally higher than or equal to the corresponding GCV, and the environmental coefficient of variation (ECV) remained low for most of the traits, indicating that, within this environment, the characters were governed largely by genetic factors with relatively limited environmental influence; because the trial was conducted at a single site and season, this interpretation reflects the study conditions and may be confounded by unaccounted genotype × environment interaction rather than representing an absolute property of the genetic material (Ren et al., 2022). High GCV and PCV estimates were recorded for cob length (115.89, 117.97), days to 50 % pollen shed (43.70, 43.73), flag leaf length (26.22, 26.24) and flag leaf width (24.65, 26.37), reflecting wide genetic variability and considerable scope for improvement through selection (Alam et al., 2022). In contrast, low estimates were observed for plant height (4.13, 4.87), days to 50 % silking (4.37, 4.37) and grain yield per plant (7.23, 7.24), suggesting a comparatively narrow genetic base for these traits in the present material (Magar et al., 2021).
Broad-sense heritability was high for all the traits studied, ranging from 72.61 % for shelling percentage to 99.86 % for number of rows per cob (Alam et al., 2022; Bello et al., 2012). The highest heritability values were recorded for number of rows per cob (99.86), days to 50 % pollen shed (99.54), days to 50 % silking (99.12), cob weight (96.81) and plant height (96.23), whereas comparatively lower values were noted for shelling percentage (72.61), number of cobs per plant (75.32) and ear height (78.39). Such uniformly high heritability indicates that, within the present environment, the expression of these characters is predominantly under genetic control, and that selection based on phenotypic performance would be effective; as these estimates derive from a single site and season, they may be inflated by unaccounted genotype × environment interaction and require validation across multiple environments before the inference is extended to other growing conditions (Alam et al., 2022). As heritability includes both additive and non-additive components, however, it is most meaningful when interpreted together with genetic advance (Bello et al., 2012).
Genetic advance (GA) ranged from 0.08 (cob diameter) to 35.79 (ear height), while genetic advance as % of mean (GAM) ranged from 7.76 % (cob compact index) to 242.70 % (cob length). High heritability coupled with high GAM was observed for cob length (91.53 %, 242.70 %), days to 50 % pollen shed (99.54 %, 89.97 %), flag leaf length (92.65 %, 53.98 %), tassel length (88.16 %, 34.70 %), cob diameter (92.59 %, 31.87 %), ear height (78.39 %, 26.37 %), shelling percentage (72.61 %, 23.22 %) and number of cobs per plant (75.32 %, 21.25 %), indicating the predominance of additive gene action in the inheritance of these traits and that they can be improved effectively through simple selection under the conditions studied; because these estimates come from a single environment, the additive component may be overestimated relative to multi-environment findings (Magar et al., 2021). Conversely, days to 50 % silking (99.12 %, 9.00 %), plant height (96.23 %, 8.49 %), grain yield per plant (87.81 %, 14.89 %) and cob compact index (86.84 %, 7.76 %) combined high heritability with low to moderate GAM, implying a greater relative role of non-additive (dominance and epistatic) gene action and, therefore, possible scope for improving these traits through heterosis breeding; this classification is preliminary and, given the environmental sensitivity of maize in a single-season trial, requires validation across years and environments before additive and non-additive effects can be reliably distinguished (Ilyas et al., 2019).
4.3. Correlation coefficient analysis
Correlation coefficient analysis was carried out to assess the nature and magnitude of association among the sixteen characters, providing a basis on which these associations could subsequently inform the construction of a selection index for simultaneous improvement of the component traits. The genotypic and phenotypic correlation coefficients worked out among these characters are presented in Tables 3 and 4, respectively.
4.3.1. Genotypic correlation coefficients
The genotypic correlation coefficients estimated among the sixteen characters are presented in Table 3. Grain yield per plant was governed by a well-defined set of yield-attributing traits at the genotypic level. It recorded highly significant and positive correlations with cob weight (0.581**), test weight (0.562**), number of cobs per plant (0.523**), cob compact index (0.512**) and cob length (0.472**), together with significant positive correlations with shelling percentage (0.448*), cob diameter (0.391*) and number of rows per cob (0.371*). These strong and consistent associations identify cob weight, test weight, prolificacy, kernel compactness and cob size as the principal determinants of grain yield, indicating that simultaneous selection for these characters would be the most effective route to yield improvement (Korsa et al., 2024; Jagadeesh et al., 2022). In contrast, grain yield was weakly and non-significantly correlated with the phenological traits, days to 50 % pollen shed (-0.141) and days to 50 % silking (-0.225), suggesting that selection for earliness would not adversely affect productivity (Anjorin & Ogunniyan, 2014).
Strong inter-character associations were also evident among the yield components themselves. Cob length was significantly and positively correlated with cob weight (0.618**) and cob diameter (0.570**), while cob weight was closely associated with cob compact index (0.691**), reflecting the mutually reinforcing nature of the cob-size traits. Among the vegetative characters, plant height was strongly correlated with ear height (0.684**) and flag leaf length (0.421*), and the two flowering events were closely linked (0.612**), indicating common genetic control of floral development. A few significant negative associations were recorded, notably between cob length and cob compact index (-0.432*), ear height and cob length (-0.391*), and shelling percentage and flag leaf length (-0.409*), pointing to trade-offs such as that between cob length and kernel compactness that must be balanced during selection (Nastasić et al., 2010; Prakash et al., 2019). The flag leaf traits showed only limited and largely non-significant associations with grain yield, indicating a minor direct role in yield determination (Izzam et al., 2017). In general, the genotypic correlation coefficients were higher in magnitude than their corresponding phenotypic values, indicating strong inherent genetic associations among the characters that were partly masked by environmental influence.
4.3.2. Phenotypic correlation coefficients
The phenotypic correlation coefficients among the sixteen characters are presented in Table 4. As with the genotypic estimates, grain yield per plant was closely associated with the major yield-attributing traits, although the coefficients were generally lower in magnitude, reflecting the moderating influence of the environment.
At the phenotypic level, grain yield per plant recorded highly significant and positive correlations with cob weight (0.503**) and test weight (0.487**), together with significant positive correlations with ear height (0.471**), number of cobs per plant (0.448*), cob compact index (0.447*), cob length (0.401*) and shelling percentage (0.381*). It was significantly and negatively correlated with days to 50 % pollen shed (-0.462**), confirming that early-flowering genotypes tended to be more productive. These results reinforce the genotypic findings and establish cob weight, test weight, ear height, prolificacy and cob dimensions as reliable selection criteria for improving grain yield (Korsa et al., 2024; Prakash et al., 2019).
Among the component traits, cob weight was strongly correlated with cob length (0.547**), cob compact index (0.598**) and cob diameter (0.381*), while plant height was closely associated with ear height (0.598**), flag leaf width (0.492**) and number of cobs per plant (0.461**). The phenological traits, days to 50 % pollen shed and days to 50 % silking, showed significant negative correlations with several yield components, including cob weight, cob diameter and number of cobs per plant, underlining the yield advantage of earliness. Significant negative associations of cob length with cob compact index (-0.371*) and of plant height with shelling percentage (-0.461**) again point to trade-offs that warrant balanced selection (Nastasić et al., 2010; Jagadeesh et al., 2022).
4.4. Path coefficient analysis
Correlation coefficients merely measure the mutual association between two characters and do not indicate whether such an association is direct or is mediated through other traits. Path coefficient analysis, originally developed by Wright (1921) and applied to plant breeding by Dewey and Lu (1959), partitions the correlation of each component character with grain yield into its direct effect and indirect effects channelled through the other characters, thereby providing a more realistic measure of the true contribution of each trait to yield. In the present study, grain yield per plant was taken as the dependent (resultant) variable and the remaining fifteen characters as the independent (causal) variables, and their direct and indirect effects were estimated at both the genotypic (Table 5) and phenotypic (Table 6) levels, as presented below.
4.4.1. Genotypic path analysis
The genotypic path coefficient analysis, in which the genotypic correlations of the 15 component characters with grain yield were partitioned into direct and indirect effects, is presented in Table 5. The residual effect was 0.2561, indicating that the 15 characters included in the analysis accounted for about 93.4% of the total genotypic variation in grain yield, leaving only a small proportion unexplained by factors not considered in the present study. Cob length (0.459), cob weight (0.412), shelling percentage (0.354) and cob compact index (0.276) recorded the highest positive direct effects on grain yield and thus emerged as the most important traits for direct selection, whereas cob diameter (-0.308) and plant height (-0.301) exhibited high negative direct effects.
The strong positive genotypic correlations of cob weight (0.581), number of cobs per plant (0.523) and cob length (0.472) with grain yield were reinforced by favourable indirect effects, cob weight acting largely through cob length and cob compact index, and number of cobs per plant through cob weight and shelling percentage. Cob compact index likewise owed its positive correlation with grain yield (0.512) mainly to its direct effect together with a positive indirect effect via cob weight (Taiwo et al., 2020). In contrast, cob diameter, despite its high negative direct effect, maintained a positive correlation with grain yield (0.391) almost entirely through positive indirect contributions via cob length and cob weight, indicating that selection based on cob diameter should operate through these component traits rather than directly. This compensatory pattern, a negative direct effect alongside a positive overall correlation, is consistent with the morphological trade-offs among cob dimensions reported by Nastasić et al. (2010), in which cob diameter interacts with kernel depth and cob length, and it may also reflect a suppressor effect arising from multicollinearity among the strongly intercorrelated cob-size traits. This compensatory pattern, a negative direct effect alongside a positive overall correlation, is consistent with the morphological trade-offs among cob dimensions reported by Nastasić et al. (2010), in which cob diameter interacts with kernel depth and cob length, and it may also reflect a suppressor effect arising from multicollinearity among the strongly intercorrelated cob-size traits. The analysis therefore identifies cob length, cob weight, shelling percentage and cob compact index as the most promising traits for direct selection under the present environment, while cob diameter and plant height are better handled through their indirect pathways; given the single-season, single-location design, these associations should be validated across multiple environments before being regarded as broadly dependable.	
4.4.2. Phenotypic path analysis
The phenotypic path coefficient analysis, in which the phenotypic correlations of the fifteen component characters with grain yield were partitioned into direct and indirect effects, is presented in Table 6. Because several of these component traits are strongly intercorrelated, the direct effects should be interpreted with caution regarding potential multicollinearity, which standard path analysis does not explicitly control; sequential path analysis has been suggested as a means of mitigating such effects. The residual effect was 0.2982, indicating that the fifteen characters accounted for about 91.1% of the total phenotypic variation in grain yield. Cob length (0.774), cob compact index (0.603), shelling percentage (0.447), plant height (0.366) and number of rows per cob (0.318) recorded the highest positive direct effects on grain yield, whereas flag leaf width (-0.513), number of cobs per plant (-0.473) and days to 50% silking (-0.289) exhibited the highest negative direct effects.
As at the genotypic level, cob length exerted the highest positive direct effect and, being close to its correlation with grain yield (0.401), confirmed its role as the principal yield-determining trait. Cob weight, cob compact index, number of cobs per plant, test weight, and shelling percentage have been identified as key traits influencing grain yield in maize, with their effects mediated by various direct and indirect pathways; by contrast, traits such as cob diameter, which showed a negative direct effect but a positive overall association with yield, are retained as indirect contributors rather than direct selection criteria, a pattern consistent with suppressor effects arising from the strong intercorrelation among the cob-size traits. These results corroborate the genotypic findings and establish cob length, cob weight, cob compact index, shelling percentage and test weight as the principal selection criteria for grain yield improvement in maize.
5. Conclusion
The evaluation of 30 maize inbred lines revealed substantial variability for all 16 quantitative traits examined under the study environment. High broad-sense heritability was recorded across traits, while high heritability combined with high genetic advance as a percentage of the mean was most evident for cob length, days to 50% pollen shed, flag leaf length, tassel length and cob diameter, together with several other yield-related traits. Grain yield per plant was positively associated with cob weight, test weight, number of cobs per plant, cob compact index, cob length and shelling percentage at the genotypic and/or phenotypic levels. Path coefficient analysis further showed that cob length, cob weight, shelling percentage and cob compact index had important positive direct effects at the genotypic level, with cob length, cob compact index and shelling percentage also showing positive direct effects at the phenotypic level. These findings indicate that simultaneous consideration of variability, heritability, correlation and direct effects can assist trait-based selection for grain yield. However, because the experiment was conducted in a single season and location, the observed associations require confirmation across additional environments before broader breeding decisions are made.
Limitation
This study was conducted during a single Kharif season at one location using 30 maize inbred lines. Consequently, the estimated genetic parameters, trait correlations and path coefficients represent the environmental conditions of this experiment and may include unquantified genotype × environment effects. The strong intercorrelations among several yield components may also influence the magnitude and interpretation of direct effects in conventional path analysis. Therefore, validation across additional seasons and locations would be necessary to assess the stability of the observed associations and the consistency of the proposed selection traits.
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Table 1: Analysis of variance for Randomized Block Design for 16 characters
	Characters

	Source of variation

	
	Replication
	Treatments
	Error

	D.F.
	2
	29
	58

	Days to 50% pollen shed
	123.66
	18.45**
	0.07

	Days to 50% silking
	133.82
	17.59**
	0.09

	Plant height (cm)
	717.84
	906.97**
	0.47

	Ear height (cm)
	129.26
	282.64**
	0.12

	Tassel length (cm)
	45.15
	36.98**
	0.02

	Number of cobs per plant 
	0.17
	18.28**
	0.01

	Cob length (cm)
	10.42
	5.81**
	0.01

	Cob weight (g)
	0.14
	1.14**
	0.02

	Cob diameter (cm)
	0.77
	0.97**
	0.19

	Number of rows per cob
	6.19
	6.34**
	0.63

	Shelling (%)
	212.62
	140.73**
	0.61

	Test weight (g)
	244.67
	98.44**
	0.41

	Grain yield (kg)
	0.17
	1.16**
	0.12

	Flag leaf length (cm)
	27.62
	142.88**
	0.06

	Flag leaf width (cm)
	5.87
	1.81**
	0.58

	Cob compact index
	0.15
	1.18**
	0.43


*, ** indicate significance at the 0.05 and 0.01 probability levels, respectively








Table 2: Performance of genetic parameters for all traits
	    Characters
	GCV
	PCV
	ECV
	Heritability
	GA
	GAM

	Days to 50% pollen shed
	43.70
	43.73
	1.57
	99.54
	0.39
	89.97

	Days to 50% silking
	4.37
	4.37
	0.16
	99.12
	5.06
	9.00

	Plant height (cm)
	4.13
	4.87
	0.15
	96.23
	4.97
	8.49

	Ear height (cm)
	12.81
	12.82
	0.46
	78.39
	35.79
	26.37

	Tassel length (cm)
	16.85
	16.87
	0.61
	88.16
	19.98
	34.70

	Number of cobs per plant 
	10.32
	10.33
	0.38
	75.32
	7.23
	21.25

	Cob length (cm)
	115.89
	117.97
	4.21
	91.53
	5.08
	242.70

	Cob weight (g)
	8.53
	8.53
	0.30
	96.81
	2.87
	17.55

	Cob diameter (cm)
	15.50
	15.53
	1.00
	92.59
	0.08
	31.87

	Number of rows per cob
	7.86
	7.86
	0.29
	99.86
	0.72
	16.17

	Shelling (%)
	11.28
	11.29
	0.41
	72.61
	2.92
	23.22

	Test weight (g)
	8.64
	8.65
	0.31
	85.62
	14.07
	17.80

	Grain yield per plant (g)
	7.23
	7.24
	0.26
	87.81
	11.79
	14.89

	Flag leaf length (cm)
	26.22
	26.24
	0.95
	92.65
	14.20
	53.98

	Flag leaf width (cm)
	24.65
	26.37
	28.85
	89.68
	0.47
	10.69

	Cob compact index
	6.67
	8.45
	0.98
	86.84
	2.23
	7.76

















Table 3: Genotypic correlation coefficients among sixteen characters in maize
	 Trait
	DFPS
	DFS
	PH
	EH
	TL
	CPP
	CL
	CW
	CD
	NRPC
	S%
	TW
	GY
	FLL
	FLW
	CCI

	DFPS
	1.000
	0.612**
	-0.129
	-0.125
	0.146
	-0.068
	-0.104
	-0.016
	0.017
	-0.065
	-0.268
	-0.107
	-0.141
	-0.118
	0.070
	-0.082

	DFS
	 
	1.000
	0.186
	0.159
	0.514**
	0.212
	-0.131
	0.025
	-0.193
	-0.235
	-0.184
	-0.250
	-0.225
	0.154
	-0.248
	-0.115

	PH
	 
	 
	1.000
	0.684**
	0.125
	0.144
	0.232
	-0.166
	-0.132
	0.062
	0.042
	-0.102
	-0.117
	0.421*
	0.176
	0.093

	EH
	 
	 
	 
	1.000
	0.195
	-0.093
	-0.391*
	0.074
	-0.069
	-0.125
	0.291
	-0.023
	0.048
	-0.170
	-0.277
	0.021

	TL
	 
	 
	 
	 
	1.000
	0.349
	-0.148
	0.034
	-0.189
	0.143
	0.088
	0.048
	0.022
	-0.023
	-0.081
	0.056

	CPP
	 
	 
	 
	 
	 
	1.000
	0.118
	0.316
	-0.108
	0.112
	0.103
	0.145
	0.523**
	-0.176
	-0.210
	0.184

	CL
	 
	 
	 
	 
	 
	 
	1.000
	0.618**
	0.570**
	-0.027
	-0.064
	-0.061
	0.472**
	0.169
	0.114
	-0.432*

	CW
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.437*
	-0.245
	-0.081
	-0.156
	0.581**
	-0.077
	-0.101
	0.691**

	CD
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.068
	-0.200
	0.103
	0.391*
	0.282
	0.113
	0.364*

	NRPC
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.128
	-0.099
	0.371*
	0.029
	0.258
	0.148

	S%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.204
	0.448*
	-0.409*
	-0.027
	0.207

	TW
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.562**
	0.224
	-0.305
	0.289

	GY
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.026
	-0.067
	0.512**

	FLL
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.177
	-0.041

	FLW
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.118

	CCI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000


*, ** indicate significance at the 0.05 and 0.01 probability levels, respectively




Table 4: Phenotypic correlation coefficients among sixteen characters in maize 
	Trait
	DFPS
	DFS
	PH
	EH
	TL
	CPP
	CL
	CW
	CD
	NRPC
	S%
	TW
	GY
	FLL
	FLW
	CCI

	DFPS
	1.000
	0.548**
	-0.105
	-0.098
	0.118
	-0.392*
	-0.082
	-0.441*
	-0.502**
	-0.054
	-0.573**
	-0.084
	-0.462**
	-0.096
	0.054
	-0.068

	DFS
	 
	1.000
	0.154
	0.132
	0.441*
	-0.431*
	-0.108
	-0.362*
	-0.501**
	-0.196
	-0.152
	-0.212
	-0.188
	0.127
	-0.211
	-0.093

	PH
	 
	 
	1.000
	0.598**
	0.101
	0.461**
	0.196
	-0.141
	-0.109
	0.051
	-0.461**
	-0.084
	-0.093
	0.418*
	0.492**
	0.074

	EH
	 
	 
	 
	1.000
	0.162
	-0.072
	-0.421*
	0.061
	-0.054
	-0.102
	0.247
	0.446*
	0.471**
	-0.143
	-0.231
	0.018

	TL
	 
	 
	 
	 
	1.000
	0.291
	-0.123
	0.028
	-0.156
	0.118
	0.072
	0.041
	0.018
	-0.019
	-0.066
	0.046

	CPP
	 
	 
	 
	 
	 
	1.000
	0.098
	0.437*
	0.429*
	0.095
	0.478**
	0.123
	0.448*
	-0.148
	-0.176
	0.154

	CL
	 
	 
	 
	 
	 
	 
	1.000
	0.547**
	0.501**
	-0.022
	-0.053
	-0.051
	0.401*
	0.143
	0.097
	-0.371*

	CW
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.381*
	-0.208
	-0.068
	-0.132
	0.503**
	0.486**
	-0.086
	0.598**

	CD
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.058
	-0.171
	0.087
	0.334
	0.241
	0.096
	0.311

	NRPC
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.109
	-0.084
	0.315
	0.025
	0.219
	0.126

	S%
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.173
	0.381*
	-0.347
	-0.023
	0.176

	TW
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.487**
	0.191
	-0.259
	0.246

	GY
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.022
	-0.057
	0.447*

	FLL
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	-0.151
	-0.035

	FLW
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000
	0.101

	CCI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.000



*, ** indicate significance at the 0.05 and 0.01 probability levels, respectively


Table 5: Genotypic path coefficient analysis showing direct and indirect effects of fifteen component characters on grain yield in maize
	Trait
	DFPS
	DFS
	PH
	EH
	TL
	CPP
	CL
	CW
	CD
	NRPC
	S%
	TW
	FLL
	FLW
	CCI

	DFPS
	0.015
	-0.130
	0.032
	-0.016
	0.009
	-0.045
	-0.038
	-0.182
	0.155
	-0.010
	-0.203
	-0.015
	-0.013
	-0.007
	-0.019

	DFS
	0.008
	-0.238
	-0.046
	0.022
	0.033
	-0.050
	-0.050
	-0.149
	0.154
	-0.037
	-0.054
	-0.039
	0.017
	0.027
	-0.026

	PH
	-0.012
	-0.037
	-0.301
	0.098
	0.007
	0.053
	0.090
	-0.058
	0.034
	0.010
	-0.163
	-0.015
	0.056
	-0.063
	0.020

	EH
	-0.031
	-0.031
	-0.180
	0.164
	0.012
	-0.008
	-0.193
	0.025
	0.017
	-0.019
	0.087
	0.082
	-0.019
	0.030
	0.005

	TL
	0.002
	-0.105
	-0.030
	0.027
	0.074
	0.034
	-0.056
	0.012
	0.048
	0.022
	0.025
	0.008
	-0.003
	0.009
	0.013

	CPP
	-0.006
	0.103
	-0.139
	-0.012
	0.022
	0.116
	0.045
	0.180
	-0.132
	0.018
	0.169
	0.023
	-0.020
	0.023
	0.043

	CL
	-0.051
	0.026
	-0.059
	-0.069
	-0.009
	0.011
	0.459
	0.225
	-0.154
	-0.004
	-0.019
	-0.009
	0.019
	-0.013
	-0.102

	CW
	-0.007
	0.086
	0.042
	0.010
	0.002
	0.051
	0.251
	0.412
	-0.117
	-0.039
	-0.024
	-0.024
	0.065
	0.011
	0.165

	CD
	-0.008
	0.119
	0.033
	-0.009
	-0.012
	0.050
	0.230
	0.157
	-0.308
	-0.011
	-0.061
	0.016
	0.032
	-0.012
	0.086

	NRPC
	-0.021
	0.047
	-0.015
	-0.017
	0.009
	0.011
	-0.010
	-0.086
	0.018
	0.188
	0.039
	-0.015
	0.003
	-0.028
	0.035

	S%
	-0.009
	0.036
	0.139
	0.041
	0.005
	0.055
	-0.024
	-0.028
	0.053
	0.020
	0.354
	0.032
	-0.046
	0.003
	0.049

	TW
	-0.071
	0.050
	0.025
	0.073
	0.003
	0.014
	-0.023
	-0.054
	-0.027
	-0.016
	0.061
	0.184
	0.026
	0.033
	0.068

	FLL
	-0.021
	-0.030
	-0.126
	-0.023
	-0.001
	-0.017
	0.066
	0.200
	-0.074
	0.005
	-0.123
	0.035
	0.134
	0.019
	-0.010

	FLW
	0.001
	0.050
	-0.148
	-0.038
	-0.005
	-0.020
	0.045
	-0.035
	-0.030
	0.041
	-0.008
	-0.048
	-0.020
	-0.129
	0.028

	CCI
	-0.011
	0.022
	-0.022
	0.003
	0.003
	0.018
	-0.170
	0.246
	-0.096
	0.024
	0.062
	0.045
	-0.005
	-0.013
	0.276



RESIDUAL EFFECT =    0.2561

Table 6: Phenotypic path coefficient analysis showing direct and indirect effects of fifteen component characters on grain yield in maize
	Trait
	DFPS
	DFS
	PH
	EH
	TL
	CPP
	CL
	CW
	CD
	NRPC
	S%
	TW
	FLL
	FLW
	CCI

	DFPS
	-0.009
	-0.158
	-0.038
	-0.025
	0.02
	0.185
	-0.063
	-0.002
	-0.04
	-0.017
	-0.256
	-0.012
	0.023
	-0.028
	-0.041

	DFS
	-0.005
	-0.289
	0.056
	0.033
	0.076
	0.204
	-0.084
	-0.002
	-0.04
	-0.062
	-0.068
	-0.03
	-0.03
	0.108
	-0.056

	PH
	0.001
	-0.045
	0.366
	0.151
	0.017
	-0.218
	0.152
	-0.001
	-0.009
	0.016
	-0.206
	-0.012
	-0.099
	-0.252
	0.045

	EH
	0.001
	-0.038
	0.219
	0.253
	0.028
	0.034
	-0.326
	0.005
	-0.004
	-0.032
	0.111
	0.063
	0.034
	0.119
	0.011

	TL
	-0.001
	-0.128
	0.037
	0.041
	0.172
	-0.138
	-0.095
	0.002
	-0.012
	0.037
	0.032
	0.006
	0.005
	0.034
	0.028

	CPP
	0.004
	0.125
	0.169
	-0.018
	0.05
	-0.473
	0.076
	0.002
	0.034
	0.03
	0.214
	0.017
	0.035
	0.09
	0.093

	CL
	0.001
	0.031
	0.072
	-0.107
	-0.021
	-0.046
	0.774
	0.002
	0.04
	-0.007
	-0.024
	-0.007
	-0.034
	-0.05
	-0.224

	CW
	0.004
	0.105
	-0.052
	0.015
	0.005
	-0.207
	0.423
	0.004
	0.031
	-0.066
	-0.03
	-0.019
	-0.115
	0.044
	0.36

	CD
	0.005
	0.145
	-0.04
	-0.014
	-0.027
	-0.203
	0.388
	0.002
	0.08
	-0.018
	-0.077
	0.012
	-0.057
	-0.049
	0.187

	NRPC
	0.002
	0.057
	0.019
	-0.026
	0.02
	-0.045
	-0.017
	-0.001
	-0.005
	0.318
	0.049
	-0.012
	-0.006
	-0.112
	0.076

	S%
	0.005
	0.044
	-0.169
	0.063
	0.012
	-0.226
	-0.041
	0.007
	-0.014
	0.035
	0.447
	0.024
	0.082
	0.012
	0.106

	TW
	0.001
	0.061
	-0.031
	0.113
	0.007
	-0.058
	-0.039
	-0.001
	0.007
	-0.027
	0.077
	0.14
	-0.045
	0.133
	0.148

	FLL
	0.001
	-0.037
	0.153
	-0.036
	-0.003
	0.07
	0.111
	0.002
	0.019
	0.008
	-0.155
	0.027
	-0.238
	0.077
	-0.021

	FLW
	0.002
	0.061
	0.18
	-0.058
	-0.011
	0.083
	0.075
	0.009
	0.008
	0.07
	-0.01
	-0.036
	0.036
	-0.513
	0.061

	CCI
	0.001
	0.027
	0.027
	0.005
	0.008
	-0.073
	-0.287
	0.003
	0.025
	0.04
	0.079
	0.035
	0.008
	-0.052
	0.603



RESIDUAL EFFECT =    0.2982
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Figure1: Genotypic correlation heatmap
[image: ]
Figure 2: Phenotypic correlation heatmap
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