Trait Association and Path Coefficient Analysis for Seed Yield Improvement in Maize (Zea mays L.) hybrids 


Abstract
[bookmark: _GoBack]The present investigation was conducted to evaluate trait association and direct and indirect effects of yield-contributing characters on seed yield in maize (Zea mays L.) crosses. A total of 55 maize crosses were evaluated during Kharif 2024–25 at the research farm of the Faculty of Agriculture Science and Technology, AKS University, Satna, Madhya Pradesh, India. The experiment was laid out in a randomized complete block design with three replications. Observations were recorded for phenological, vegetative, ear, yield, and quality-related traits, and the data were analysed through analysis of variance, correlation coefficients, and path coefficient analysis. Analysis of variance showed highly significant treatment differences for all studied traits, indicating the presence of substantial variability among the evaluated crosses. At the genotypic level, seed yield per plant showed significant positive correlations with seed index (r = 0.7993), number of seeds per cob (r = 0.7789), days to maturity (r = 0.6770), number of cobs per plant (r = 0.4827), days to anthesis (r = 0.4371), and cob length (r = 0.3735). Significant negative associations were observed with days to 50% silking (r = −0.5773) and protein content (r = −0.4509). At the phenotypic level, seed yield per plant was positively associated with cob diameter, seed index, cob weight, number of cobs per plant, days to anthesis, number of seeds per cob, and protein content. Path coefficient analysis indicated that shelling percentage, cob length, number of internodes per plant, carbohydrate content, days to 50% silking, and days to maturity had important positive direct effects at the genotypic level, while cob diameter, tassel length, days to maturity, number of seeds per cob, and number of internodes per plant were important at the phenotypic level. These results suggest that selection based on yield-associated traits, particularly seed index, number of seeds per cob, cob diameter, cob length, shelling percentage, and maturity duration, may support seed yield improvement in maize.
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1. Introduction
Maize (Zea mays L.) is among the most widely grown and versatile cereal crops, cultivated across diverse agro-climatic regions for food, feed and industrial uses (Sah et al., 2020), and Ttherefore, sustained genetic enhancement of yield and adaptation remains a major breeding priority. Improvement of grain yield is challenging because it is a complex quantitative trait governed by many component characters and their interactions, and thus the identification of reliable secondary traits can improve selection efficiency. In this context, quantifying genetic variability in breeding materials provides essential evidence for selecting traits amenable to improvement through phenotypic selection and for prioritizing characters in breeding pipelines.​ Furthermore, the partitioning of correlation coefficients into direct and indirect effects through path analysis offers critical insights into the underlying architecture of these yield-related component traitss, assisting in the development of targeted breeding programs (Maqbool, 2019). 
Trait association studies further support breeding decisions by revealing whether yield improvement can be achieved indirectly through correlated component traits, but correlation alone may be misleading because associations may arise through indirect effects via other characters. Path coefficient analysis resolves this limitation by partitioning correlation into direct and indirect effects, thereby identifying traits with true causal influence on yield and enabling breeders to construct more effective selection indices. Recent maize studies applying correlation and path analysis have consistently highlighted the importance of yield components (ear traits and kernel number) and phenology-related traits in determining grain yield variation under field conditions (Sayo et al., 2017). For instance, identifying traits with high genotypic and phenotypic coefficients of variation, such as kernel weight and ear dimensions, offers a robust framework for enhancing productivity through systematic hybridization (Tadesse & Leta, 2019; Greeshma et al., 2025; Tadesse & Leta, 2019). Furthermore, discerning the partitioning of these correlation coefficients into direct and indirect effects remains essential to unraveling the complex inter-relationships among traits during distinct growth stages (Begum et al., 2016). Understanding these interactions allows breeders to evaluate which morpho-physiological attributes are most resilient to environmental fluctuations, thereby optimizing the selection pressure applied to elite inbred lines (Musundire et al., 2019). Kindly specify the hypothesis and objectives of your study briefly in one paragraph. 
2. Materials and Methods
2.1. Experimental material and site
The experiment comprised 55 maize crosses(Only the hybrids? Or hybrids+parents?, kindly specify that in detail) evaluated under field conditions during the Kharif 2024-25 at the research farm of Faculty of Agriculture Science and Technology, AKS University, Satna (M.P.) India. The crop was raised following recommended agronomic practices for maize, and observations were recorded on representative plants in each plot. for phenological, vegetative, ear, and yield traits.
2.2. Experimental design and observations
The trial was laid out in a randomized complete block design (RCBD) with three replications. Data were recorded onfor phenology traits (days to anthesis, days to 50% silking and, days to maturity), vegetative traits (plant height and, number of internodes per plant), reproductive/ear traits (tassel length, number of cobs per plant, cob length, cob diameter and, cob weight), and yield attributes (seed index, number of seeds per cob, harvest index and, seed yield per plant).
2.3. Statistical analysis
Statistical analyses wasere performed in R software version 4.4.1 (agricolae and, metan packages) and Python 3.12 (statsmodels, pandas and, scipy). The analysis of variance (ANOVA) for (RCBD) was computed in R software, and correlation coefficients were partitioned into direct and indirect effects on seed yield using the path.analysis() function from the agricolae package. 
3. Results and Discussion
3.1. Analysis of variance
The ANOVA revealed highly significant mean squares (p ≤ 0.01) for treatmentsgenotypes?hybrids?hybrids+parents? (It is a plant breeding based scientific study so kindly use the term genotypes rather than general term treatment) across phenological traits (days to anthesis, 50% silking, and maturity), vegetative traits (plant height and number of internodes per plant), reproductive traits (tassel length, number of cobs per plant, and cob dimensions), yield components (cob weight, seed index and, number of seeds per cob), and seed yield per plant (Table 1). These results indicate adequate variability among the evaluated inbred lines (In MM section you specified crosses were evaluated, then why mention inbreds here?. Kindly be specific about the kind of material evaluated in the study for example hybrids?parents?germplasm accessions?inbreds and use the terminology accordingly), suggesting scope for effective selection and/or heterosis breeding for yield improvement, as also documented in recent maize variability and trait association studies that reported significant genotypic mean squares for yield and component traits under replicated field designs (Zhang et al., 2024 mention few more latest references). CThe comparatively low error mean squares across traits further indicated acceptable experimental precision under the adopted design and replications, consistent with recent RCBD-based maize evaluations where replication helped separate genotypic effects from environmental noise (Filho et al., 2018 mention few more latest references).
3.2. Correlation Coefficient Analysis of Parents and Their CrossesHybrids
    Correlation analysis was carried out at both genotypic and phenotypic levels to determine the nature and magnitude of association among seed yield per plant and its component traits (Table 2 & 3, Figure 1 & 2). RIThe results revealed several significant relationships among yield and yield-attributing traits, suggesting the possibility of simultaneous improvement through indirect selection. Similar results were obtained by (Adu et al., 2016 mention few more latest references).
At the genotypic level, seed yield per plant exhibited highly significant positive correlations with seed index (r = 0.7993), number of seeds per cob (r = 0.7789), days to maturity (r = 0.6770), number of cobs per plant (r = 0.4827), days to anthesis (r = 0.4371), and cob length (r = 0.3735) (If these values are mentioned in table/figure, then you can delete it here. As it will be redundant information). These associations indicate that genotypes possessing heavier seeds, higher seed number per cob, optimum maturity duration, and superior cob development tend to produce higher grain yield. In contrast, seed yield showed significant negative associations with days to 50% silking (r = −0.5773) and protein content (r = −0.4509), (If these values are mentioned in table/figure, then you can delete it here. As it will be redundant information) suggesting that delayed silking and increased protein concentration may adversely affect yield performance (Matin et al., 2017 mention few more latest references).
Days to anthesis exhibited significant negative correlations with days to 50% silking (r = −0.3162), days to maturity (r = −0.3638), and harvest index (r = −0.3532), (If these values are mentioned in table/figure, then you can delete it here. As it will be redundant information) indicating that early flowering genotypes generally silk and mature earlier while maintaining lower partitioning efficiency (Mehandi & Mishra, 2023). Days to 50% silking was negatively associated with cob length (r = −0.4078) and seed yield per plant (r = −0.5773), whereas a significantly? positive relationship was observed with tassel length (r = 0.3659). These results indicate that delayed silking may negatively affect reproductive development and final grain yield despite supporting tassel growth. Plant height exhibited significant positive associations with cob diameter (r = 0.5698) and cob weight (r = 0.4483), while showing a negative relationship with days to maturity (r = −0.4866). This suggests that taller plants contribute indirectly to yield through improved cob development rather than through direct effects on productivity (Devi et al., 2024). Cob length exhibited significant positive associations with the number of cobs per plant (r = 0.3475) and seed yield (r = 0.3735), highlighting its importance as a major yield component. Similarly, tassel length showed significantly? positive correlations with days to 50% silking and cob weight, indicating its role in flowering synchronization and cob development (Naik & Mehandi, 2025). The number of cobs per plant displayed significant positive correlations with shelling percentage (r = 0.3861) and seed yield per plant (r = 0.4827), confirming its contribution towards grain production. However, it was negatively associated with cob weight, suggesting a trade-off between cob number and cob size. Cob diameter exhibited strong positive associations with seed index (r = 0.4564), days to maturity (r = 0.5889), and shelling percentage (r = 0.8211), indicating importance in grain filling and kernel development (Abe & Comfort, 2019).
Days to maturity showed significant positive correlations with seed index (r = 0.6361), carbohydrate content (r = 0.6498), and seed yield per plant (r = 0.6770), while exhibiting negative correlations with plant height and protein content. These findings indicate that longer maturity duration promotes assimilating accumulation and grain development, thereby enhancing yield (Gilbert et al., 2023). The number of seeds per cob recorded a strong positive association with harvest index (r = 0.6096), shelling percentage (r = 0.3861), and seed yield per plant (r = 0.7789), indicating that increased kernel number directly contributes to productivity. Carbohydrate content was positively associated with days to maturity but showed only a weak relationship with seed yield (Wahome et al., 2023).
At the phenotypic level, the seed yield per plant exhibited significant positive correlations with days to anthesis (r = 0.4304), number of cobs per plant (r = 0.4696), cob diameter (r = 0.6532), cob weight (r = 0.5215), seed index (r = 0.5918), number of seeds per cob (r = 0.2586), and protein content (r = 0.4179). Among these traits, cob diameter, seed index, and cob weight recorded the strongest positive associations with yield, indicating their importance as reliable phenotypic selection criteria (Mehandi, S., & Mishra, S. P., 2023). Days to anthesis showed a significant negative correlation with days to 50% silking (r = −0.8726), plant height (r = −0.2059), and shelling percentage (r = −0.2084), while maintaining a positive relationship with seed yield (Devi et al., 2024). Cob length displayed positive relationships with number of cobs per plant and cob diameter, whereas tassel length exhibited positive associations with days to 50% silking and cob weight. Number of cobs per plant showed significant positive correlations with cob diameter, shelling percentage, protein content, and seed yield, emphasizing its role in yield formation (Naik et al., 2025). Cob diameter exhibited strong positive associations with seed index, shelling percentage, and seed yield per plant, confirming its importance in grain filling and productivity. Number of seeds per cob also showed positive relationships with shelling percentage and seed yield, highlighting its significance as a major yield component (Gilbert et al., 2023).
3.3. Path Coefficient Analysis
The results revealed considerable differences between genotypic and phenotypic path coefficients, indicating the influence of environmental factors on trait expression and their association with yield (Kumar et al., 2023). At the genotypic level, shelling percentage, cob length, number of internodes per plant, carbohydrate content, days to 50% silking, days to maturity, number of seeds per cob, and tassel length have been identified as key contributors to seed yield per plant (Table 4 & 5). These traits are considered important selection criteria in maize breeding programs (Supraja et al., 2019). Cob length also recorded a strong positive direct effect on yield, indicating that longer cobs directly enhance productivity. Similarly, the number of internodes per plant exhibited a high positive direct effect, suggesting that increased vegetative growth and structural development contribute positively to yield formation. Nevertheless, negative indirect effects through shelling percentage, carbohydrate content, and cob weight reduced its influence (Singh et al., 2021). Days to maturity exerted a positive direct effect on seed yield and additionally contributed positively through cob diameter, seed index, shelling percentage, and carbohydrate content. This indicates that prolonged grain-filling duration facilitates assimilate accumulation and effective translocation towards developing kernels. Likewise, the number of seeds per cob displayed a favorable direct effect and contributed indirectly through days to anthesis, plant height, number of internodes, and carbohydrate content, emphasizing its importance as a major sink component governing grain yield (Rani et al., 2017). In contrast, several traits exhibited negative direct effects despite showing positive correlations with yield. Cob diameter recorded the highest negative direct effect (−1.2313), followed by protein content (−0.5562), days to anthesis (−0.2905), number of cobs per plant (−0.2932), seed index (−0.2841), harvest index (−0.2652), plant height (−0.0975), and cob weight (−0.0771). This suggests that cob diameter influences yield mainly through its interaction with other yield components rather than through direct contribution (Yadav et al., 2024). These findings suggest that improvement in seed size alone may not necessarily increase yield unless accompanied by favorable changes in associated traits (Rani et al., 2017).
At the phenotypic level, cob diameter exerted the highest positive direct effect on seed yield per plant (0.4904), followed by tassel length (0.3713), days to maturity (0.3013), number of seeds per cob (0.2684), number of internodes per plant (0.1567), days to 50% silking (0.1419), and harvest index (0.0224) (Li et al., 2021). Days to maturity also exhibited a favorable direct effect and contributed indirectly through cob diameter, seed index, shelling percentage, and carbohydrate content. Likewise, number of internodes per plant positively influenced seed yield directly and indirectly through days to anthesis, number of seeds per cob, protein content, and seed index (Rani et al., 2017). Among the negatively contributing traits at the phenotypic level, protein content showed the highest negative direct effect (−0.5246), followed by cob weight (−0.5022), days to anthesis (−0.4299), seed index (−0.3492), number of cobs per plant (−0.2062), carbohydrate content (−0.1911), shelling percentage (−0.0903), cob length (−0.0309), and plant height (−0.0228). Despite their negative direct effects, many of these traits exerted considerable positive indirect influences through other yield-contributing traits. For instance, protein content positively affected yield through cob weight, number of seeds per cob, days to maturity, and seed index, while seed index exerted favorable indirect effects through harvest index, protein content, and number of cobs per plant (Singh & Kumar, 2017).
The results of path coefficient analysis clearly demonstrated that the association of several traits with seed yield was primarily due to indirect effects rather than direct influences. Traits such as shelling percentage, cob length, number of internodes per plant, days to maturity, and number of seeds per cob at the genotypic level, together with cob diameter, days to maturity, number of seeds per cob, tassel length, and number of internodes per plant at the phenotypic level, contributed substantially towards seed yield either directly or through favorable indirect pathways. Therefore, these traits should receive greater emphasis in selection programs aimed at improving grain yield in maize (Reddy et al., 2022).
[bookmark: _Hlk219284361][bookmark: _Hlk198031404]Conclusions
OurThe study indicated the presence of substantial variability among the 55 maize crosses for phenological, …….the traits evaluated under field conditions during Kharif 2024–25. Significant treatment genotypic differences for all recorded traits suggested that they experimental material possessed useful variation for selection. Correlation analysis showed that seed yield per plant was positively associated with several yield-contributing traits. At the genotypic level, seed index, number of seeds per cob, days to maturity, number of cobs per plant, days to anthesis, and cob length showed positive associations with seed yield, whereas days to 50% silking and protein content showed negative associations. At the phenotypic level, cob diameter, seed index, cob weight, number of cobs per plant, and number of seeds per cob were important positive associates of seed yield. Path coefficient analysis further showed that some traits influenced yield directly, while others contributed mainly through indirect effects. Shelling percentage, cob length, number of internodes per plant, carbohydrate content, days to 50% silking, and days to maturity were important at the genotypic level, whereas cob diameter, tassel length, days to maturity, number of seeds per cob, and number of internodes per plant were important at the phenotypic level. Overall, these traits may be considered useful selection criteria for improving seed yield in maize breeding programs material. Although, our study provided useful information on trait association and path coefficient analysis in maize crosses; however, some limitations must be acknowledged. The experiment was conducted in  single crop season  at one location, which limits the ability to assess environmental stability of the observed associations. The evaluated material consisted of 55 maize crosses, but broader testing across locations and seasons would be necessary before making wider breeding recommendations. The study relied mainly on correlation and path coefficient analysis, which identify associations among traits but do not independently confirm causal relationships. Some traits showed contrasting direct and indirect effects, indicating that selection decisions should be made cautiously. Therefore, the results should be interpreted as preliminary evidence for identifying promising selection traits, and further validation under multi-environment trials is recommended.

Limitations
The study provides useful information on trait association and path coefficient analysis in maize crosses; however, some limitations should be acknowledged. The experiment was conducted during a single crop season and at one location, which limits the ability to assess environmental stability of the observed associations. The evaluated material consisted of 55 maize crosses, but broader testing across locations and seasons would be necessary before making wider breeding recommendations. The study relied mainly on correlation and path coefficient analysis, which identify associations among traits but do not independently confirm causal relationships. Some traits showed contrasting direct and indirect effects, indicating that selection decisions should be made cautiously. The manuscript also does not provide detailed information on the genetic background of the crosses, plot-level management, or measurement procedures for all recorded traits. Therefore, the results should be interpreted as preliminary evidence for identifying promising selection traits, and further validation under multi-environment trials is recommended.
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Table: 1: Skeleton of ANOVA table for the experiment design of Maize inbred lines (Inbreds or hybrids?)
	Traits
	Source of Variation

	
	Replication (df=2)
	Treatment Hybrids?Genotypes?(df=54)
	Error (df=108)

	Days to Anthesis
	31.94
	23.48**
	8.17

	Days to 50% Silking
	40.62
	45.73**
	1.42

	Plant Height 
	512.36
	1042.81**
	171.24

	Number of internodes/plant
	0.29
	8.95**
	0.47

	Cob length
	1.27
	4.32**
	0.55

	Tassel length
	0.41
	221.45**
	1.83

	Number of Cobs/Plant
	0.06
	0.14**
	0.01

	Cob Diameter
	11.88
	4.05**
	0.28

	Days to maturity
	23.15
	23.34**
	7.02

	Cob weight
	2.36
	0.78**
	0.17

	Seed index 
	34.08
	26.47**
	0.86

	Harvest index  
	56.17
	24.02**
	0.02

	No. of seeds per cob 
	725.84
	3745.63**
	708.12

	Seed yield per plant
	482.91
	6588.37**
	142.76










Table 2. Genotypic cCorrelation cCoefficients among 17 tTraits  in maize hybrids the Maize F1 Generation
	Trait
	DA
	DFS
	PH
	NIP
	CL
	TL
	NCP
	CD
	DM
	CW
	SI
	HI
	NSC
	SP
	PC
	CC
	SYP

	DA
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	DFS
	-0.3162**
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PH
	-0.2745
	-0.0019
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	NIP
	0.3127
	0.0838
	-0.2548
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CL
	0.1772
	-0.4078**
	0.1296
	-0.0852
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	TL
	0.1790
	0.3659**
	0.0629
	-0.2029
	-0.1404
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	NCP
	-0.1996
	-0.2925
	0.1237
	-0.0632
	0.3475**
	-0.1992
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CD
	-0.0282
	-0.0755
	0.5698**
	-0.1268
	0.0111
	-0.0868
	0.1265
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 

	DM
	-0.3638**
	0.0500
	-0.4866**
	-0.2749
	-0.0121
	0.1996
	-0.1988
	0.5889**
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 

	CW
	-0.0535
	0.1556
	0.4483**
	-0.1487
	-0.3875
	0.3847**
	-0.3848**
	0.2688
	-0.0833
	1.0000
	 
	 
	 
	 
	 
	 
	 

	SI
	-0.0375
	-0.1062
	-0.0612
	0.0551
	-0.1203
	0.1017
	-0.1091
	0.4564**
	0.6361**
	0.0569
	1.0000
	 
	 
	 
	 
	 
	 

	HI
	-0.3532**
	-0.1305
	0.0403
	0.1046
	0.1459
	0.0523
	0.1237
	-0.3241
	0.0457
	0.3622**
	0.3557**
	1.0000
	 
	 
	 
	 
	 

	NSC
	0.1097
	0.1022
	0.1667
	0.1227
	0.0277
	-0.0597
	-0.1520
	-0.2632
	-0.0664
	0.1039
	-0.0890
	0.6096**
	1.0000
	 
	 
	 
	 

	SP
	0.1631
	0.2270
	0.0536
	0.3787**
	-0.3389**
	0.0442
	0.3861**
	0.8211**
	0.4693**
	0.3019
	0.3769**
	-0.2990
	-0.2872
	1.0000
	 
	 
	 

	PC
	0.1928
	-0.2890
	-0.1336
	0.2316
	-0.0255
	-0.3976**
	0.3324
	0.0479
	-0.5739**
	0.4944**
	-0.1991
	-0.1068
	-0.2980
	0.4324**
	1.0000
	 
	 

	CC
	0.2010
	-0.0050
	0.1357
	-0.2731
	-0.1716
	0.1386
	0.1985
	-0.0846
	0.6498**
	0.0304
	-0.0737
	0.0016
	0.1068
	-0.2347
	-0.1124
	1.0000
	 

	SYP
	0.4371**
	-0.5773**
	0.0332
	-0.0780
	0.3735**
	0.2060
	0.4827**
	0.1169
	0.677**
	0.1408
	0.7993**
	-0.1375
	0.7789**
	-0.0085
	-0.4509
	-0.0787
	1.0000
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Figure 1. Genotypic correlation heatmap of the evaluated traits in maize hybrids in maize crosses

Table 3. Phenotypic cCorrelation cCoefficients among 17 tTraits evaluated in the mMaize F1 Generationhybrids
	Trait
	DA
	DFS
	PH
	NIP
	CL
	TL
	NCP
	CD
	DM
	CW
	SI
	HI
	NSC
	SP
	PC
	CC
	SYP

	DA
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	DFS
	-0.8726**
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	PH
	-0.2059**
	-0.0263
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	NIP
	0.2552**
	0.0790
	-0.2174**
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CL
	-0.1507
	-0.2029**
	0.1152
	-0.0764
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	TL
	0.1465
	0.2998**
	0.0573
	-0.1994
	-0.1293
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	NCP
	-0.1745
	-0.2784**
	0.0934
	-0.2624**
	0.2271**
	-0.1984
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CD
	-0.0546
	-0.0749
	0.3692**
	-0.1190
	0.4562**
	-0.0855
	0.3255**
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 
	 

	DM
	0.1401
	0.0471
	-0.0340
	-0.1248
	0.0418
	0.1105
	-0.1185
	-0.3051**
	1.0000
	 
	 
	 
	 
	 
	 
	 
	 

	CW
	-0.0450
	0.1198
	0.2907**
	-0.1122
	-0.2565
	0.2559
	0.0692
	0.2154**
	0.0231
	1.0000
	 
	 
	 
	 
	 
	 
	 

	SI
	-0.0478
	-0.1106
	-0.0532
	0.4518**
	-0.0948
	0.1015
	-0.1050
	0.4554**
	0.3384
	-0.2355**
	1.0000
	 
	 
	 
	 
	 
	 

	HI
	-0.0019
	-0.1132
	0.0174
	0.0871
	0.1258
	0.0476
	0.1130
	-0.2900
	0.0673
	0.2828**
	0.2885**
	1.0000
	 
	 
	 
	 
	 

	NSC
	0.0770
	0.0954
	0.1992**
	0.0967
	0.0354
	-0.0587
	0.2423**
	0.2365**
	-0.0654
	0.0964
	-0.0928
	-0.0390
	1.0000
	 
	 
	 
	 

	SP
	-0.2084**
	-0.2221
	0.0665
	-0.2404
	-0.2906
	0.0353
	0.2233**
	0.6765**
	0.1991
	0.2160
	0.3122**
	0.2317**
	0.2221**
	1.0000
	 
	 
	 

	PC
	-0.1397
	-0.2526**
	-0.1504
	0.2235**
	0.0096
	-0.0949
	0.3088**
	0.0529
	-0.2071
	-0.3600
	-0.1881
	-0.0878
	0.2715**
	-0.2972**
	1.0000
	 
	 

	CC
	-0.1532
	-0.0007
	0.0792
	-0.2145
	-0.1231
	0.1134
	0.1586
	-0.0706
	0.2046
	0.1145
	0.2394**
	0.0334
	0.2952**
	-0.1001
	-0.0882
	1.0000
	 

	SYP
	0.4304**
	0.0833
	0.0263
	-0.0800
	0.2627
	0.2009
	0.4696**
	0.6532**
	0.3486
	0.5215**
	0.5918**
	-0.3022**
	0.2586**
	-0.0178
	0.4179**
	-0.0637
	1.0000
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Figure 2. Phenotypic correlation heatmap of the evaluated traits in maize crosseshybrids

     
Table 4. Genotypic pPath cCoefficients among 17 tTraits evaluated in the mMaize F1 Generationhybrids
	Trait
	DA
	DFS
	PH
	NIP
	CL
	TL
	NCP
	CD
	DM
	CW
	SI
	HI
	NSC
	SP
	PC
	CC

	DA
	-0.2905
	-0.2952
	0.0797
	-0.0908
	0.0515
	-0.052
	0.058
	0.0082
	0.0476
	0.0155
	0.0109
	0.0097
	-0.0319
	0.0474
	0.056
	0.0584

	DFS
	0.3922
	0.386
	-0.0008
	0.0323
	-0.0416
	0.1219
	-0.1129
	-0.0291
	0.0193
	0.0601
	-0.041
	-0.0504
	0.0395
	-0.0876
	-0.1115
	-0.0019

	PH
	0.0268
	0.0002
	-0.0975
	0.0249
	-0.0126
	-0.0061
	-0.0121
	-0.0068
	-0.0084
	-0.0437
	0.006
	-0.0039
	-0.0163
	-0.0052
	0.013
	-0.0132

	NIP
	0.2518
	0.0675
	-0.2052
	0.8051
	-0.0686
	-0.1634
	-0.0509
	-0.1021
	-0.2213
	-0.1197
	0.0444
	0.0842
	0.0988
	-0.2566
	0.1864
	-0.2199

	CL
	-0.1779
	-0.1083
	0.1302
	-0.0855
	1.0041
	-0.1409
	-0.2485
	0.0111
	-0.0121
	-0.3891
	-0.1208
	0.1465
	0.0278
	-0.3403
	-0.0256
	-0.1723

	TL
	0.0209
	0.0368
	0.0073
	-0.0237
	-0.0164
	0.1166
	-0.0232
	-0.0101
	0.0233
	0.0367
	0.0119
	0.0061
	-0.007
	0.0052
	-0.0114
	0.0162

	NCP
	0.0585
	0.0858
	-0.0363
	0.0185
	0.0726
	0.0584
	-0.2932
	-0.0371
	0.0583
	-0.0249
	0.032
	-0.0363
	0.0446
	-0.0839
	-0.0975
	-0.0582

	CD
	0.0347
	0.093
	-0.086
	0.1561
	-0.0137
	0.1069
	-0.1557
	-1.2313
	-0.7251
	-0.3309
	-0.562
	0.3991
	0.3241
	-1.0111
	-0.0589
	0.1042

	DM
	-0.0382
	0.0117
	0.0202
	-0.0641
	-0.0028
	0.0466
	-0.0464
	0.1373
	0.2332
	-0.0194
	0.1484
	0.0106
	-0.0155
	0.1095
	-0.1339
	0.1516

	CW
	0.0041
	-0.012
	-0.0346
	0.0115
	0.0299
	-0.0243
	-0.0065
	-0.0207
	0.0064
	-0.0771
	-0.0044
	-0.0279
	-0.008
	-0.0233
	0.0381
	-0.0023

	SI
	0.0107
	0.0302
	0.0174
	-0.0157
	0.0342
	-0.0289
	0.031
	-0.1297
	-0.1807
	-0.0162
	-0.2841
	0.0897
	0.0253
	-0.1071
	0.0566
	0.0209

	HI
	0.0088
	0.0346
	-0.0107
	-0.0277
	-0.0387
	-0.0139
	-0.0328
	0.086
	-0.0121
	-0.0961
	0.0837
	-0.2652
	0.0025
	0.0793
	0.0283
	-0.0004

	NSC
	0.0135
	0.0126
	0.0205
	0.0151
	0.0034
	-0.0073
	-0.0187
	-0.0324
	-0.0082
	0.0128
	-0.0109
	-0.0012
	0.1229
	-0.0353
	-0.0366
	0.0131

	SP
	-0.3048
	-0.4242
	0.1001
	-0.5955
	-0.6331
	0.0826
	0.5346
	1.5342
	0.8769
	0.5641
	0.7041
	-0.5586
	-0.5367
	1.8684
	0.2473
	-0.4386

	PC
	0.1072
	0.1607
	0.0743
	-0.1288
	0.0142
	0.0543
	-0.1849
	-0.0266
	0.3192
	0.275
	0.1107
	0.0594
	0.1657
	-0.0736
	-0.5562
	0.0625

	CC
	-0.0807
	-0.002
	0.0545
	-0.1096
	-0.0689
	0.0556
	0.0796
	-0.034
	0.2608
	0.0122
	-0.0296
	0.0007
	0.0429
	-0.0942
	-0.0451
	0.4013


Expand all the traits here
RESIDUAL EFFECT =    0.3154





Table 5. Phenotypic pPath cCoefficients among 17 tTraitsevalauetd across 55 maize hybrids in the Maize F1 Generation
	Trait
	DA
	DFS
	PH
	NIP
	CL
	TL
	NCP
	CD
	DM
	CW
	SI
	HI
	NSC
	SP
	PC
	CC

	DA
	-0.4299
	-0.3751
	0.0885
	-0.1097
	0.0648
	-0.063
	0.075
	0.0235
	-0.0602
	0.0193
	0.0205
	0.0008
	-0.0331
	0.0896
	0.0601
	0.0658

	DFS
	0.1238
	0.1419
	-0.0037
	0.0112
	-0.0146
	0.0425
	-0.0395
	-0.0106
	0.0067
	0.017
	-0.0157
	-0.0161
	0.0135
	-0.0315
	-0.0358
	-0.0001

	PH
	0.0047
	0.0006
	-0.0228
	0.005
	-0.0026
	-0.0013
	-0.0021
	-0.0016
	0.0008
	-0.0066
	0.0012
	-0.0004
	-0.0039
	-0.0015
	0.0034
	-0.0018

	NIP
	0.04
	0.0124
	-0.0341
	0.1567
	-0.012
	-0.0312
	-0.0098
	-0.0186
	-0.0196
	-0.0176
	0.0081
	0.0137
	0.0152
	-0.0377
	0.035
	-0.0336

	CL
	0.0046
	0.0032
	-0.0036
	0.0024
	-0.0309
	0.004
	0.007
	-0.0017
	-0.0013
	0.0079
	0.0029
	-0.0039
	-0.0011
	0.009
	-0.0003
	0.0038

	TL
	0.0544
	0.1113
	0.0213
	-0.074
	-0.048
	0.3713
	-0.0737
	-0.0317
	0.041
	0.095
	0.0377
	0.0177
	-0.0218
	0.0131
	-0.0352
	0.0421

	NCP
	0.036
	0.0574
	-0.0193
	0.0129
	0.0468
	0.0409
	-0.2062
	-0.0259
	0.0244
	-0.0143
	0.0217
	-0.0233
	0.0293
	-0.046
	-0.0637
	-0.0327

	CD
	-0.0268
	-0.0368
	0.034
	-0.0583
	0.0276
	-0.0419
	0.0615
	0.4904
	0.1496
	0.1056
	0.2233
	-0.1422
	-0.1157
	0.3317
	0.026
	-0.0346

	DM
	0.0422
	0.0142
	-0.0102
	-0.0376
	0.0126
	0.0333
	-0.0357
	0.0919
	0.3013
	0.007
	0.102
	0.0203
	-0.0197
	0.06
	-0.0624
	0.0617

	CW
	0.0226
	-0.0602
	-0.146
	0.0563
	0.1288
	-0.1285
	-0.0348
	-0.1082
	-0.0116
	-0.5022
	-0.0178
	-0.142
	-0.0484
	-0.1085
	0.1808
	-0.0575

	SI
	0.0167
	0.0386
	0.0186
	-0.0181
	0.0331
	-0.0354
	0.0367
	-0.159
	-0.1182
	-0.0124
	-0.3492
	0.1008
	0.0324
	-0.109
	0.0657
	0.0328

	HI
	0.353
	-0.0025
	0.0004
	0.002
	0.0028
	0.0011
	0.0025
	-0.0065
	0.0015
	0.0063
	-0.0065
	0.0224
	-0.0009
	-0.0052
	-0.002
	0.0007

	NSC
	0.0207
	0.0256
	0.0454
	0.026
	0.0095
	-0.0157
	-0.0381
	-0.0634
	-0.0176
	0.0259
	-0.0249
	-0.0105
	0.2684
	-0.0596
	-0.0729
	0.0256

	SP
	0.0188
	0.02
	-0.006
	0.0217
	0.0262
	-0.0032
	-0.0202
	-0.0611
	-0.018
	-0.0195
	-0.0282
	0.0209
	0.02
	-0.0903
	-0.0088
	0.009

	PC
	0.0733
	0.1325
	0.0789
	-0.1173
	-0.005
	0.0498
	-0.162
	-0.0278
	0.1086
	0.1889
	0.0987
	0.0461
	0.1424
	-0.051
	-0.5246
	0.0463

	CC
	0.0293
	0.0001
	-0.0151
	0.041
	0.0235
	-0.0217
	-0.0303
	0.0135
	-0.0391
	-0.0219
	0.018
	-0.0064
	-0.0182
	0.0191
	0.0169
	-0.1911



RESIDUAL EFFECT =    0.3687
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