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Abstract

:

Inconsistent reports exist on the relationships between key agronomic traits and maize yield. We performed a multivariate analysis of yield and 10 agronomic traits in 59 hybrids to explore maize yields in mountainous areas. The yield per plant (YP) was significantly and positively correlated with kernel weight (KW), growth period (GP), and kernel row number (KRN). KW and KRN had positive effects on YP, whereas kernel rows per ear (KRE) had a negative effect. GP indirectly affected YP. GP, KW, KRN, and ear length (EL) showed the highest grey relational degree with YP. The first four principal components cumulatively accounted for 73.36% of variation. EL, KW, plant height (PH), ear height (EH), GP, KRN, and YP contributed positively to the variation, whereas KRE, shelling percentage (SP), bald-tip length (BTL), and ear girth (EG) contributed negatively. Based on trait similarity, the 59 maize hybrids were classified into two clusters, Clusters I and II. A total of 11 traits were grouped into four clusters, Clusters A–D. Cluster D included KW, GP, KRN, EL, EH, PH, and YP, and the 22 maize hybrids in Cluster I performed better in these traits. These results provide a theoretical basis for the breeding of high-yield maize varieties in mountainous areas.
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1. Introduction


Maize is a critically important staple and forage crop for global economic development, agricultural production, and food security [1]. Recently, human population, livestock, and industrial developments have influenced an increase in maize demand and production [2]. Improved varieties are important for enhancing maize yield per unit and total maize production. Maize yield is a quantitative trait controlled by multiple genes, resulting from the combined action and mutual influence of various agronomic traits [3,4]. Changes in one trait can lead to alterations in other related traits owing to their interconnection and mutual restraint [5]. Therefore, it is essential to study the effect of different maize traits on yield to enhance production and cultivate new varieties.



Recently, extensive research has been conducted on the relationship between agronomic traits and maize yield. Yahaya et al. showed that plant height (PH), ear length (EL), ear diameter, and 1000-grain weight were significantly correlated with maize grain yield and with each other [6]. The path coefficient analysis revealed that plant height had the highest direct effect on grain yield, followed by 1000-grain weight [6]. Roy et al. evaluated 25 maize genotypes and found that 1000-grain weight had the strongest positive correlation with yield, followed by husk girth and EL [7], whereas days to anthesis, days to maturity, and seed number per row showed a negative correlation with yield. Path coefficient analysis revealed that 1000-grain weight had the largest direct positive effect on grain yield, followed by husk girth and EL [7]. Wang et al. investigated 26 hybrid sweet corn combinations in their study [8]. Principal component analysis (PCA) indicated that the first five principal components (yield, quality, row number, bald-tip length (BTL), and growth period) collectively explained 87.74% of the variance, and grey relational analysis indicated that single ear weight, ear diameter, and grain number per row significantly influenced yield, while ear height (EH) and BTL had a relatively minor impact [8]. Singh et al. studied 11 agronomic traits of 25 maize genotypes and found that five principal components explained 86.62% of the cumulative variation, with the first principal component accounting for 28.78% of the total variation; they showed that EL, ear row number, and grain number per row had the greatest positive contribution to yield [9].



Despite extensive research on the relationships between key agronomic traits and maize yield, inconsistencies in results remain due to differences in research sites, experimental materials and other factors. Furthermore, most research has neglected mountainous case studies [10,11]. Mountain terrain and climate have significant effects on the growth period (GP), yield, and quality of maize [12]. In this study, we conducted a multivariate analysis of 10 agronomic traits and yields of 59 maize hybrids grown in mountainous areas. By examining how different agronomic traits interact and contribute to the yield, we aimed to uncover the factors driving maize productivity, and provide a theoretical basis for breeding high-yield maize varieties.




2. Materials and Methods


2.1. Experimental Materials


A total of 59 maize hybrids provided by the Nanchong Academy of Agricultural Sciences were employed to evaluate main agronomic traits and yield, including NT1602, SZ1701, Bisheng 9918, Chengdan 387, Chengdan 389, Chengdan 607, Chengdan 608, Chengdan 615, Chengdan 626, Chuandan 2011, Chuandan 2012, Chuandan 820, Chuanxiyu 7, Demin 88, Enhedan 1, Guohaoyu 187, Guohaoyu 199, Haodan 653, Jifeng 88, Jishengyu 887, Jinhe 880, Jinrong 1717, Jinyu 4579, Jinyu 679, Jinyu 802, Kunyu 16, Le 1838, Le 1918, Liaohe 308, Mian 1904, Miandan 717, Minyu 202, Qian 7860, Quanyu 9, Ruiyu 612, Shanyu 8, Shengkeyu 202, Shengkeyu 901, Shengyu 369, Shufeng 616, Shuyu 989, Tiansheng 5, Wugu 8518, Xikangyu 191, Xianyu 1986, Xinyu 168, Yayu 2289, Yayu 2581, Yayu 798, Yayu 8521, Yayu 9698, Yudan 901, Zhenghong 411, Zhenghong 504, Zhenghong 613, Zhenghong 729, Zhenghong 939, Zhongyu 335, and Zhuyu 177.




2.2. Experimental Site


Field experiments were conducted in 2022−2023 at Lvshui Town (26°10′34″ N, 101°58′07″ E), Huili County, Liangshan Prefecture, Sichuan Province, China. The experimental site is situated at an altitude of 1500 m and is characterised by a subtropical monsoon climate with distinct seasons. Influenced by the Qinghai–Tibet Plateau and Indian Ocean monsoons, the region experiences moderate summers, cold winters, and significant diurnal temperature variations. The annual precipitation is 800–1200 mm, primarily concentrated in the summer, with an average annual temperature of approximately 15 °C.




2.3. Experimental Design


The experiment employed a randomised block design with three replicates, each consisting of five rows. The row spacing was 0.68 m, the row length was 6.0 m, and the plot area was 20.4 m2. The maize varieties were manually planted at a density of 60,000 plants ha−1. Prior to planting, compound fertiliser (15-15-15) was added at a rate of 750 kg/ha. Subsequently, 80 and 120 kg/ha of N fertiliser were applied during the elongation and heading stages, respectively. Conventional cultivation techniques have been used, and diseases and insects are rigorously controlled using chemical measures to mitigate production loss. Herbicides are used for weed management.




2.4. Determination of Agronomic and Yield Traits


Agronomic traits and yield were determined according to the “Guidelines for Testing the Distinctness, Uniformity, and Stability of New Varieties of Plants: Corn” (GB/T 19557.24-2018) [13]. The GP was calculated from the day of sowing to maturity. During the initial stage of grain filling, 10 randomly selected healthy plants were sampled from the plot to measure PH (the distance from the ground to the top of the male spike) and EH (the distance from the ground to the node where the visible ear was attached). During the mature stage, the yield of each plot was determined by measuring the middle three rows of corn and dividing the yield by the number of ears to calculate the yield per plant (YP). After the maize harvest, 10 randomly selected ears from each plot were sampled to measure ear traits. EL was measured from the base of the female ear to the tip. The ear girth (EG) is indicated by the midsection diameter, whereas a short diameter represents a flat ear. Kernel rows per ear (KRE) and kernel row number (KRN) were documented. The length of the unfilled portion at the top of the ear was measured as the BTL. Ten selected maize ears were weighed, and the kernels were removed and weighed. The shelling percentage (SP = ear weight/kernel weight × 100%) was calculated and the 100-kernel weight (KW) measured simultaneously.




2.5. Data Analysis


SPSS (version 22.0; SPSS Inc., Chicago, IL, USA) was used for the descriptive statistical analysis, Z-score standardisation of data, and path coefficient analysis. Pearson’s correlation analysis was performed using Origin 2022b software (OriginLab, Northampton, MA, USA). The SPSSPRO online data analysis platform (https://www.spsspro.com/, accssed on 1 August 2024) was used for grey relational analysis and PCA. Two-way hierarchical clustering analysis was conducted using PAST software (version 4.17c; SCIEM, Vienna, Austria).





3. Results


3.1. Descriptive Statistical Analysis


We performed a descriptive statistical analysis of 10 agronomic traits and grain yields of 59 hybrid maize varieties (Table 1). YP ranged from 161.17 to 211.13 g, with an average of 185.56 g; GP ranged from 132.22 to 143.78 days, with an average of 136.35 days; EG ranged from 4.92 to 6.78 cm, with an average of 5.65 cm; BTL ranged from 0.35 to 1.88 cm, with an average of 0.87 cm; and SP ranged from 79.68% to 86.13%, with an average of 82.59%. The CV for the 11 traits ranged from 1.75% to 38.19%. GP and SP showed the least variation, with a CV of 1.75% and 1.83%, respectively, whereas BTL exhibited the greatest variation, at 38.19%. In addition, the CV of the EG had a CV close to 10%. These findings suggest that GP and SP had stable performance in mountainous regions, displaying minimal susceptibility to external factors. In contrast, the performance of BTL and EG across different varieties showed significant variation, indicating substantial potential for improvement. The absolute skewness and kurtosis values of these 11 traits were all less than 1, verifying that all traits generally conformed to a normal distribution and exhibited typical quantitative traits.




3.2. Correlation Analysis


Bivariate correlation analysis of the main agronomic traits and yields of different varieties indicated varying degrees of correlation between these traits and yield (Figure 1). YP was significantly and positively correlated with KW and GP, with correlation coefficients of 0.610 and 0.468 (p < 0.01), respectively. It also showed a significant positive correlation with KRN, with a correlation coefficient of 0.280 (p < 0.05); however, YP was not significantly correlated with other agronomic traits. KW showed significant positive correlations with GP (0.522) and EL (0.261), whereas KRN exhibited a significant positive correlation with EL (0.531). PH, EH, and EL were significantly and positively correlated with each other. Moreover, KRE showed significant negative correlations with KRN (−0.569), KW (−0.540), EL (−0.465), and SP (−0.280). BTL was significantly negatively correlated with PH (−0.285) and EH (−0.278), while EG showed a significant negative correlation with GP (−0.452), PH (−0.336), and EL (−0.269). Additionally, SP exhibited a significant negative correlation with GP (−0.472) and KRE (−0.280). These results indicate that interrelationships and mutual constraints exist among the various agronomic traits of maize in mountainous areas. In conclusion, EH and PH may positively influence EL, which in turn positively affects KRN and KW, and ultimately affects YP. Conversely, KRE negatively affected EL, KW, and KRN, thereby negatively affecting YP. In addition, EG had a negative impact on YP by negatively influencing GP and EL.




3.3. Path Coefficient Analysis


To assess the direct and indirect effects of various agronomic traits on yield, path analysis of the genetic correlation coefficients was conducted (Table 2). KW, KRE, and KRN had the highest direct path coefficients, with a YP of 0.967, 0.782, and 0.576, respectively, all of which were positive and significant (p < 0.01). Other agronomic traits had an insignificant direct effect on YP. The direct path and correlation coefficients between KW and YP were the highest, positive, and statistically significant among all the traits. Simultaneously, KW exerted a substantial negative indirect effect on YP through KRE, with an indirect path coefficient of −0.522. Similar to the case of KW, the direct path coefficient and the correlation coefficient between KRN and YP were both significantly positive, while KRN was indirectly negatively affected by KRE, with an indirect path coefficient of −0.445. KRE exhibited a significant positive direct effect on YP, whereas an insignificant negative correlation was noted between the two. This suggested indirect negative effects of KRE on YP through KW and KRN, with indirect path coefficients of −0.522 and −0.328, respectively; therefore, overall, KRE had a negative effect on YP. In summary, KW, KRN, and KRE have both direct and indirect effects on YP. Overall, KW and KRN positively influenced YP, whereas KRE had a negative effect on YP.



GP was significantly positively correlated with YP, but the direct path coefficient between them was very small at 0.084. GP had a substantial indirect positive effect on YP through KW, with an indirect path coefficient of 0.505. This indicates that the GP primarily influences the YP through indirect effects. In addition, PH and EL showed positive indirect effects on YP, whereas BTL and SP had a negative indirect effect on YP, although their direct path coefficients and correlation coefficients were not significant.




3.4. Grey Relational Analysis


Based on Deng’s grey system theory [14], this study assessed the relationships and impact levels among 11 maize traits in mountainous areas (Table 3). Typically, a higher relational value indicates a greater effect of a trait on a reference trait. The grey relational analysis, with YP as the reference series and 10 traits as the comparison series, revealed that KW and GP had the greatest impact on YP, followed by EL and KRN, with relational coefficients of 0.791, 0.778, 0.748, and 0.743, respectively. Using 10 agronomic traits as the reference series, each trait was considered the corresponding reference and comparison series for grey relational analysis, thereby forming a correlation matrix (Table 3). GP was most strongly associated with KW, EH, EL, and PH, whereas KW was most strongly associated with GP, PH, EH, and EL. The correlations between GP and KW, EH, EL, and PH were the strongest. KW exhibited the strongest correlation with GP, PH, EH, and EL. KRN showed the strongest association with EL, EH, GP, and KW. In addition, EL exerted the greatest influence on KRN as well as on EH and PH. Therefore, a close relationship existed among the agronomic traits of GP, KW, KRN, EL, PH, and EH. GP, KW, KRN, and EL also showed strong correlations with YP.




3.5. Principal Component Analysis


PCA was performed to determine the yield and 10 yield-contributing traits of maize grown in mountainous areas. Of the 11 quantitative traits, four principal components (PCs: PC1–4) presented more than 1.00 eigenvalue and contributed to approximately 73.36% of the cumulative variation (Figure 2a, Table 4). The contribution of PC1 was 30.43% of the total divergence of the studied population, in which the major contributing traits were EL (0.690), KW (0.667), and PH (0.662), with the maximum positive contribution being towards genetic divergence, whereas KRE (−0.639) and EG (−0.476) displayed notable negative impacts. PC2 accounted for 15.58% of the total variability. The traits GP (0.648) and YP (0.514) had the maximum positive contribution to genetic diversity, whereas SP (−0.654) showed a strong negative contribution. PC3 was responsible for approximately 14.30% of the variation, with positive contributions from EG (0.600), YP (0.540), and KW (0.367), and a negative contribution from BTL (−0.468). PC4 accounted for 13.05% of the variance, with positive contributions from PH (0.504) and EH (0.532), and a negative contribution from BTL (−0.704). The biplot revealed that PH, EH, EL, and KRN were clustered together, whereas GP, YP, and KW were in close proximity. Conversely, KRE, BTL, EG, and SP were distantly positioned relative to the other traits and exhibited opposite trends (Figure 2b). These findings suggest that KRE, SP, and BTL exhibited negative effects in explaining the genetic variation of the 59 maize hybrid varieties, which is consistent with the results obtained from the path analysis.



The loading plot based on the first two PCs showed a high degree of variation among most varieties and traits, with these hybrids distantly positioned from the others, indicating their potential utility in future breeding efforts (Figure 2b). Table 5 presents the ranking of the top 15 maize hybrids in terms of their scores for the first four PCs. A high PC score for a particular variety in a particular factor denotes high values for the traits of that particular variety. Chuandan 2011, Chuandan 2012, and Minyu 202 scored the highest in PC1, indicating high EL, KW, PH, and EH values. In PC2, Le 1918, Shufeng 616, and Yayu 9698 scored the highest, indicating that they performed better at GP and YP. Chuandan 2011, Jifeng 88, and Miandan 717 achieved the highest PC3 scores, indicating superior performance in EG, YP, and KW. MinYu 202, Shanyu 8, and SZ1701 achieved the highest scores for PC4, suggesting higher PH and EH levels. Therefore, maize hybrids with high PC scores have a greater potential for further breeding to produce high-yielding varieties.




3.6. Cluster Analysis


Two-way hierarchical clustering was used to simultaneously investigate the potential intra- and inter-relationships among the maize hybrids and traits (Figure 3). Based on trait similarity, the 59 maize hybrid varieties were classified into two clusters, Clusters I and II, comprising 22 and 37 varieties, respectively. Eleven traits, including yield, were grouped into four clusters: Cluster A (two traits), Cluster B (one trait), Cluster C (one trait), and Cluster D (seven traits). Cluster A included the traits KRE and EG, whereas Clusters B and C each had only one trait, BTL and SP, respectively. Cluster D contained the most traits, including KRN, EL, EH, PH, GP, YP, and KW. Among them, YP was the closest to KW, followed by GP. According to the clustering heat map, Cluster I maize hybrids exhibited higher values for KRN, EL, EH, PH, GP, YP, and KW, while Cluster II varieties demonstrated better performance in terms of KRE, EG, BTL, and SP. Moreover, the top 15 maize hybrids based on PC scores, except for SZ1701, belonged to Cluster I, indicating mutual validation between the cluster analysis and PCA (Table 5, Figure 3). In summary, KW, GP, KRN, EL, EH, PH, and YP are closely related. The relationships between KW, GP, and YP were the closest. The maize hybrids in Cluster I outperformed the others in these traits, indicating that Cluster I had a greater potential for breeding high-yielding varieties, supporting greater efficiency.





4. Discussion


4.1. Influence of Different Agronomic Traits on Maize Yield


The factors contributing to the yield of maize hybrids are complex, with most studies focusing on the components of yield formation. However, there are limitations in the current findings [15,16,17]. Here, multivariate analysis was conducted on 10 agronomic traits associated with YP in 59 maize hybrids cultivated in mountainous areas, including GP, PH, EH, EL, EG, BTL, KRE, KRN, KW, and SP. The results of the correlation analysis indicated a significant positive correlation between YP and KW, KRN, and GP (Figure 1), which is similar to the results of previous studies [18,19]. The path analysis demonstrated that KW and KRN had a strong positive direct effect on YP (Table 2), which is supported by Prakash’s study [20]. In addition, consistent with Wang’s findings [8], the grey relational analysis revealed that YP had the strongest association with KW, GP, and KRN (Table 3). Few studies have used cluster analysis to examine associations between traits. In the present study, two-way hierarchical clustering grouped seven traits KW, GP, KRN, EL, EH, PH, and YP into the same cluster (Figure 3). According to the PCA, these seven traits contributed positively to the genetic variation of the 59 maize hybrid varieties for the first four PCs (Table 4). Grey relational analysis revealed a close relationship among the agronomic traits of GP, KW, KRN, EL, PH, and EH. These findings suggest that KW, GP, and KRN may exert the most substantial influence on YP, whereas EL, PH, and EH also play a role in promoting high YP.



KRE, BTL, SP, and EG were negatively correlated with other traits. PCA also showed that these four traits contributed negatively to variation in the 59 maize hybrids. The path analysis suggested that KRE, BTL, and SP had negative indirect effects on YP. These results revealed that KRE, BTL, SP, and EG were not conducive to achieving a high maize yield. Ma et al. showed that KRE and EG are negatively correlated with YP, consistent with the results of this study [21]. On the contrary, a few other studies found that KRE and EG are positively correlated with YP [22,23]. The reason for these different outcomes might be that quantitative traits are significantly influenced by the environment [24,25]. Therefore, it is critical to select specific breeding strategies that are tailored to different environments.




4.2. Characteristics of High-Yielding Maize Varieties in Mountainous Areas


The cultivation of crops in mountainous areas yields fewer benefits than cultivation in other regions, possibly because of the high altitude and significant temperature variations in mountainous terrain and uneven rainfall patterns [26]. In addition, natural disasters such as landslides and mudslides frequently occur in these areas [27]. Croplands located near forests may be surrounded by trees and shrubs, resulting in substantial shading that adversely affects the growth and development of crops [28]. These conditions of mountainous areas lead to low maize cultivation yields and reduced farmer incomes. Therefore, it is crucial to develop high-yield corn varieties that are well suited for this specific area.



The findings of this study suggest that high-yielding maize varieties in mountainous areas exhibit higher KW, longer GP, and higher KRN. In addition, they demonstrated higher PH and EH, as well as longer EL. Longer GP can promote the growth and development of crops by extending the duration of light exposure, which can increase the amount of photosynthesis accumulated by plants, thereby improving crop yields [29]. Extending the duration of light exposure can also help to reduce the disadvantages caused by shading, allowing plants to better perform photosynthesis and absorb more nutrients, maintaining healthy growth. Higher PH and EH can increase the chances of plants receiving more light, thus reducing poor growth or decreased yield due to insufficient light [30]. In addition, high-yield maize in mountainous areas exhibited lower levels of KRE and SP, shorter BTL, and smaller EG according to this study. Therefore, when breeding for high yields, it is important to prioritise the selection of KW, GP, and KRN while also making appropriate choices for PH and EH. The positive and negative correlations between various agronomic traits to achieve higher yields must also be determined. The 15 maize hybrids listed in Table 4 had the highest comprehensive scores in the four PCs and outperformed the other hybrids in terms of KW, GP, KRN, EL, EH, PH, and YP, making them promising materials for further selection.





5. Conclusions


Our multivariate analysis of 10 yield-related agronomic traits and grain yield per plant in 59 maize hybrids grown in a mountainous area indicated that YP was significantly positively correlated with KW, GP, and KRN. Further, path coefficient analysis showed that KW, KRN, and KRE had both direct and indirect effects on YP. However, KW and KRN positively impacted YP, whereas KRE had a negative influence on YP. GP primarily exerted its influence on YP through indirect effects. Grey relational analysis indicated strong correlations between GP, KW, KRN, and EL with YP, as well as close interrelationships among the agronomic traits GP, KW, KRN, EL, PH, and EH. In the 11 quantitative traits, the first four PCs explained 73.36% of the cumulative phenotypic variation. EL, KW, PH, EH, GP, KRN, and YP positively contributed to explaining variation, while KRE, SP, BTL, and EG had a negative contribution. The two-way hierarchical clustering analysis classified 59 maize hybrids and 11 agronomic traits into two and four clusters, respectively. Cluster D included KW, GP, KRN, EL, EH, PH, and YP, and 22 maize hybrids belonging to Cluster I performed better in these traits. Therefore, for breeding of high-yield maize varieties in mountainous areas, those with a high 100-kernel weight, long growth period, and large number of kernels per row should be prioritised, while simultaneously considering ear length, plant height, and ear height. However, this study fails to address the complex climate factors in mountainous areas. Analyzing the relationship between these factors and agronomic traits as well as yield is crucial for breeding varieties suited to local climatic conditions. Future research should delve deeper into the role of mountainous climate factors in maize cultivtion and provide more reliable data support for high-yield maize breeding.
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Figure 1. Correlations among 11 agronomic traits in 59 maize varieties. GP, PH, EH, EL, EG, BTL, KRE, KRN, KW, SP, and YP represent growth period, plant height, ear height, ear length, ear girth, bald tip length, kernel rows ear−1, kernel numbers row−1, 100-kernel weight, kernel ratio, and yield plant−1, respectively. * Correlation is significant at 0.05 level. ** Correlation is significant at 0.01 level. 
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Figure 2. PCA of 11 agronomic traits and 59 maize hybrids grown in mountainous areas. (a) Scree plot and respective eigenvalues; (b) Biplot for 59 maize hybrids and 11 agronomic traits. GP, PH, EH, EL, EG, BTL, KRE, KRN, KW, SP, and YP represent growth period, plant height, ear height, ear length, ear girth, bald tip length, kernel rows ear−1, kernel numbers row−1, 100-kernel weight, kernel ratio, and yield plant−1, respectively. 
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Figure 3. Dendrogram analysis based on two-way hierarchal clustering among 11 agronomic traits and 59 maize varieties. GP, PH, EH, EL, EG, BTL, KRE, KRN, KW, SP, and YP represent growth period, plant height, ear height, ear length, ear girth, bald tip length, kernel rows ear−1, kernel numbers row−1, 100-kernel weight, kernel ratio, and yield plant−1, respectively. Letters A–D represent that the 11 agronomic traits is classified into four groups. I and II indicate that 59 maize varieties is divided into two groups. 
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Table 1. Descriptive statistics of agronomic traits in 59 maize varieties.
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	Agronomic Traits
	Minimum
	Maximum
	Mean
	SD
	KURT
	SKEW
	CV %





	GP (day)
	132.22
	143.78
	136.35
	2.39
	0.19
	0.45
	1.75



	PH (cm)
	254.07
	326.31
	292.55
	15.07
	−0.02
	−0.25
	5.15



	EH (cm)
	108.96
	151.32
	126.08
	9.24
	0.30
	0.61
	7.33



	EL (cm)
	17.57
	21.18
	19.21
	0.78
	−0.20
	0.25
	4.04



	EG (cm)
	4.92
	6.78
	5.65
	0.54
	−0.98
	0.58
	9.61



	BTL (cm)
	0.35
	1.88
	0.87
	0.33
	0.52
	0.65
	38.19



	KRE
	14.64
	19.36
	16.80
	1.15
	−0.42
	0.17
	6.84



	KN
	32.39
	39.87
	35.89
	1.67
	−0.25
	0.29
	4.66



	KW (g)
	29.79
	40.69
	33.69
	2.51
	0.41
	0.70
	7.45



	SP (%)
	79.68
	86.13
	82.59
	1.51
	−0.43
	−0.09
	1.83



	YP (g)
	161.17
	211.13
	185.56
	11.33
	−0.48
	0.02
	6.11







SD = Standard Deviation, KURT = kurtosis, SKEW = skewness, CV = Coefficient of Variability.













 





Table 2. Path analysis of main agronomic traits and yield per plant of maize varieties.
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Factor

	
Pearson Correlation

	
Direct Path Coefficient

	
Indirect Path Coefficient




	
GP-YP

	
PH-YP

	
EH-YP

	
EL-YP

	
EG-YP

	
BTL-YP

	
KRE-YP

	
KRN-YP

	
KW-YP

	
SP-YP

	
Total






	
GP

	
0.468 **

	
0.084

	

	
−0.013

	
0.025

	
0.007

	
−0.086

	
−0.008

	
−0.107

	
0.093

	
0.505

	
−0.044

	
0.372




	
PH

	
0.092

	
−0.064

	
0.017

	

	
0.072

	
0.010

	
0.064

	
−0.048

	
−0.165

	
0.070

	
0.249

	
0.003

	
0.272




	
EH

	
0.043

	
0.092

	
0.023

	
−0.050

	

	
0.009

	
−0.041

	
−0.047

	
−0.156

	
0.128

	
0.080

	
−0.008

	
−0.062




	
EL

	
0.239

	
0.025

	
0.022

	
−0.024

	
0.033

	

	
−0.051

	
0.022

	
−0.364

	
0.306

	
0.252

	
0.000

	
0.196




	
EG

	
0.090

	
0.191

	
−0.038

	
0.022

	
−0.020

	
−0.007

	

	
−0.038

	
0.185

	
−0.029

	
−0.171

	
0.010

	
−0.086




	
BTL

	
−0.189

	
0.169

	
−0.004

	
0.018

	
−0.026

	
0.003

	
−0.042

	

	
0.064

	
−0.131

	
−0.230

	
−0.009

	
−0.357




	
KRE

	
−0.095

	
0.782 **

	
−0.012

	
0.014

	
−0.018

	
−0.012

	
0.045

	
0.014

	

	
−0.328

	
−0.522

	
−0.026

	
−0.845




	
KRN

	
0.280 *

	
0.576 **

	
0.014

	
−0.008

	
0.021

	
0.013

	
−0.010

	
−0.039

	
−0.445

	

	
0.123

	
0.014

	
−0.317




	
KW

	
0.610 **

	
0.967 **

	
0.044

	
−0.016

	
0.008

	
0.007

	
−0.034

	
−0.040

	
−0.422

	
0.073

	

	
−0.005

	
−0.385




	
SP

	
−0.117

	
0.093

	
−0.040

	
−0.002

	
0.008

	
0.000

	
0.021

	
−0.016

	
−0.219

	
0.089

	
−0.057

	

	
−0.216








GP, PH, EH, EL, EG, BTL, KRE, KRN, KW, SP, and YP represent the growth period, plant height, ear height, ear length, ear girth, bald tip length, kernel rows ear−1, kernel numbers row−1, 100-kernel weight, kernel ratio, and yield plant−1, respectively; ** and * indicate significance at the 0.01 and 0.05 level, respectively.













 





Table 3. Correlation matrix of grey relational analysis among 11 agronomic traits.
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	GP
	PH
	EH
	EL
	EG
	BTL
	KRE
	KRN
	KW
	SP





	YP
	0.778
	0.714
	0.722
	0.748
	0.717
	0.668
	0.684
	0.743
	0.791
	0.710



	
	2
	7
	5
	3
	6
	10
	9
	4
	1
	8



	GP
	
	0.742
	0.757
	0.743
	0.674
	0.728
	0.696
	0.741
	0.776
	0.680



	
	
	4
	2
	3
	9
	6
	7
	5
	1
	8



	PH
	0.710
	
	0.829
	0.732
	0.651
	0.680
	0.658
	0.692
	0.718
	0.718



	
	5
	
	1
	2
	9
	7
	8
	6
	4
	3



	EH
	0.712
	0.818
	
	0.725
	0.645
	0.654
	0.635
	0.697
	0.694
	0.682



	
	3
	1
	
	2
	8
	7
	9
	4
	5
	6



	EL
	0.712
	0.733
	0.739
	
	0.657
	0.721
	0.666
	0.746
	0.704
	0.706



	
	5
	3
	2
	
	9
	4
	8
	1
	7
	6



	EG
	0.626
	0.638
	0.649
	0.644
	
	0.656
	0.691
	0.651
	0.661
	0.692



	
	9
	8
	6
	7
	
	4
	2
	5
	3
	1



	BTL
	0.713
	0.696
	0.687
	0.736
	0.685
	
	0.722
	0.707
	0.694
	0.716



	
	4
	6
	8
	1
	9
	
	2
	5
	7
	3



	KRE
	0.676
	0.673
	0.666
	0.679
	0.716
	0.719
	
	0.674
	0.665
	0.663



	
	4
	6
	7
	3
	2
	1
	
	5
	8
	9



	KRN
	0.726
	0.708
	0.728
	0.760
	0.682
	0.707
	0.677
	
	0.713
	0.708



	
	3
	5
	2
	1
	8
	7
	9
	
	4
	6



	KW
	0.758
	0.730
	0.722
	0.717
	0.686
	0.691
	0.665
	0.709
	
	0.691



	
	1
	2
	3
	4
	8
	6
	9
	5
	
	7



	SP
	0.679
	0.747
	0.727
	0.735
	0.733
	0.730
	0.683
	0.723
	0.710
	



	
	9
	1
	5
	2
	3
	4
	8
	6
	7
	







GP, PH, EH, EL, EG, BTL, KRE, KRN, KW, SP, and YP represent growth period, plant height, ear height, ear length, ear girth, bald tip length, kernel rows ear−1, kernel numbers row−1, 100-kernel weight, kernel ratio, and yield plant−1, respectively. The values represent the grey relational degree (upper) and sequence (lower).













 





Table 4. Eigenvalues, proportion of the total variance represented by first four principal components, and component loading of different characters in maize.
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	Particulars
	PC1
	PC2
	PC3
	PC4





	Eigen value (root)
	3.348
	1.714
	1.573
	1.435



	Percentage of variance (%)
	30.433
	15.583
	14.297
	13.05



	Cumulative proportion
	30.433
	46.016
	60.313
	73.362



	GP
	0.618
	0.648
	−0.134
	−0.063



	PH
	0.662
	−0.221
	−0.339
	0.504



	EH
	0.627
	−0.217
	−0.368
	0.532



	EL
	0.69
	−0.249
	−0.096
	−0.324



	EG
	−0.476
	−0.049
	0.6
	0.29



	BTL
	−0.219
	0.048
	−0.468
	−0.704



	KRE
	−0.639
	0.412
	−0.196
	0.386



	KRN
	0.562
	−0.377
	0.345
	−0.227



	KW
	0.667
	0.356
	0.367
	−0.09



	SP
	−0.067
	−0.654
	0.363
	−0.014



	YP
	0.458
	0.514
	0.54
	0.027










 





Table 5. Principal component scores of the top 15 maize hybrid varieties.
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	Ranking
	Maize Hybrids
	Synthesis Score
	PC1
	PC2
	PC3
	PC4





	1
	Chuandan 2011
	1.15
	2.07
	0.70
	1.54
	−0.87



	2
	Chuandan 2012
	1.01
	1.91
	0.56
	0.32
	0.21



	3
	Le 1918
	1.01
	1.37
	2.10
	−0.42
	0.41



	4
	Minyu 202
	0.96
	1.60
	0.83
	−0.80
	1.58



	5
	Jinhe 880
	0.85
	1.41
	0.07
	0.47
	0.92



	6
	Jifeng 88
	0.80
	1.51
	0.50
	1.05
	−0.77



	7
	Chuanxiyu 7
	0.75
	1.57
	0.20
	0.87
	−0.63



	8
	Shanyu 8
	0.60
	1.08
	−1.16
	0.72
	1.42



	9
	Yayu 2289
	0.58
	0.72
	0.02
	0.41
	1.10



	10
	Miandan 717
	0.56
	1.40
	−0.61
	0.93
	−0.39



	11
	Yayu 9698
	0.52
	1.14
	1.14
	0.62
	−1.80



	12
	Shengkeyu 202
	0.46
	0.60
	0.70
	0.52
	−0.19



	13
	SZ1701
	0.38
	−0.53
	1.06
	0.86
	1.20



	14
	Shufeng 616
	0.37
	0.68
	1.41
	−0.07
	−1.13



	15
	Zhenghong 939
	0.37
	1.02
	0.34
	−0.37
	−0.33
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