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SUMMARY 

 

The success in hybrid seed assembly depends upon the availability of strains with high receptivity and 

compatibility with their parental genotypes. The presented study aimed to characterize the maize 

germplasm and select high-yielding genotypes by studying them through morphological parameters, 

heritability, correlation, and multivariate analysis. The study had a randomized complete block design 

comprising 27 genotypes with three repetitions. These genotypes are those with wider adaptability 

obtained as procured from the Cereal Crops Instrument Standard Testing Centre, Maros, South 

Sulawesi, Indonesia. The results showed the cob length and grain yield percentage were the best 

traits besides the harvest cob weight. Based on the path analysis, the cob length gave the highest 

direct effect (0.46), followed by yield percentage (0.45). An increasing cob length and yield 

percentage is relevant to increasing productivity, meaning this character can be beneficial as the most 

effective secondary quality in selecting maize genotypes. Direct effect is a trait influence that has an 

impact on the main character. Principal component analysis (PCA) through multivariate analysis can 

reduce numerous interrelated variables. Based on the PCA, the maize genotypes JHD 14 and JHD 15 

were notably promising strains with the highest productivity. 
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Key findings: Knowledge of genetic variation is indispensable in predicting the performance of maize 

(Z. mays L.) hybrids to be developed, and that can considerably assist the breeders in selecting 

promising genotypes through breeding programs. Based on selection, JHD14 and JHD15 emerged as 

the best strains with the highest productivity potential. 

 

 

INTRODUCTION 

 

Maize (Zea mays L.) is one of the most 

important food crops for daily calorie intake 

worldwide. Corn uses can be as a raw material 

in feed, food, and pharmaceutical industries, 

and as a source of vitamins and minerals in 

maintaining energy in the human body (Jiao et 

al., 2022). With increasing world population, 

meeting the needs of a global market, which 

includes an innovative design, is a top priority 

for these industries (Gari et al., 2024).  

 Maize cultivars with improved seeds 

play an effective role in increased productivity 

and food security (Kalsa et al., 2024; Menkir et 

al., 2024). However, conventional hybrid 

breeding strategies have proven to be very 

challenging and constrained by the difficulty of 

large-scale seed production determined by 

crossability, growth and morphological 

structures, and yield component traits with a 

major impact on the overall production (Paril et 

al., 2024). 

The hybrid assembly’s success mainly 

depends upon available desirable strains with 

high receptivity and compatibility with their 

parents to obtain the highest rate of natural 

cross-pollination (Bai et al., 2022). 

Phenological characters, such as 

synchronization of flowering time of both 

parents, yield component characteristics, and 

other growth and morphological characters 

that significantly affect the production, proved 

to play a pivotal role in selecting genotypes 

with the highest productivity (Rajandran et al., 

2022). 

Developing better hybrids than existing 

cultivars is one of the urgent goals of plant 

breeding. Genetic dispersal is an effective tool 

in selecting the parental genotypes for 

hybridization programs. Knowledge of genetic 

variation is indispensable in predicting the 

performance of hybrids to be developed, which 

can considerably assist the breeders in 

selecting suitable parents in breeding 

programs. The values of genetic potential can 

have successful determination by investigating 

the genetic diversity, heritability, and genetic 

progress in the germplasm (Korsa et al., 

2024). However, the genetic progress in the 

genotypes’ potential is an important indicator 

in the selection process (Begna, 2021). 

Heritability can measure the relative portion of 

heritable variation, while genetic gain can 

measure the extent of effectiveness that could 

result through selection (Norman et al., 2024). 

In addition to genetic diversity, the relationship 

between yield characters and other 

components is also indispensable in increasing 

productivity (Fadhli et al., 2023). 

The correlation coefficient provides an 

overview of simple relationships between the 

characters, while path analysis is generally 

applicable in determining the nature of 

relationships among the characters (Leite et 

al., 2022). Path analysis can evaluate the 

magnitude of causal association among the 

growth and yield characters (Guo et al., 2023). 

Determining the effectiveness of 

characterization and selection in maize can 

succeed by selection criteria that require 

appropriate statistical approaches. Knowing the 

correlation and relationship between the traits 

is essential in breeding to identify superior 

genotypes through indirect selection. 

Multivariate analysis can be helpful to 

categorize and select the pure strains of 

potential maize hybrids in breeding (Duc et al., 

2024). Therefore, it is crucial to identify the 

relationship among various characters of 

strains under development through 

conventional approaches. Based on the above 

discussion, the latest study aimed to 

investigate the morphological parameters, 
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heritability, correlation, and multivariate 

analysis in characterizing the germplasm and 

selection of high-yielding maize genotypes. 

Expectedly, at the end of the research, an 

outcome will be a corn strain that is the best 

candidate with high productivity. 

 

 

MATERIALS AND METHODS 

 

Breeding material  

 

This research commenced from April until July 

2024 at the Bajeng Agricultural Technology 

Instrument Standard Testing and Application 

Installation (IP2SITP) Farm, Cereal Crops 

Instrument Standard Testing Centre, District 

Bajeng, Gowa Regency, South Sulawesi, 

Indonesia. The study area location has 

coordinates at 5°18ʹ29″ S - 119°30ʹ28″ E at 92 

masl, and the type of rainfall was D4, as 

defined by the Oldeman climatic classification. 

Rainfall in the field throughout the research 

period ranged from 0 to 160 mm each month 

(BMKG, 2024). The genetic material used 

comprised 27 maize genotypes (Table 1). 

These genotypes had features with wider 

adaptability obtained from the Cereal Crops 

Instrument Standard Testing Centre, Maros, 

South Sulawesi, Indonesia.  

 

Procedure 

 

The experimental layout used a randomized 

complete block design (RCBD) with three 

repetitions, consisting of 27 maize genotypes 

and resulting in 81 experimental units. Maize 

genotypes’ seeds bore planting on 5 m × 3 m 

plots, with a spacing of 75 cm × 20 cm. Each 

seed, as placed in a planting hole, 

corresponded to the genotype label. 

Maintenance in this study included watering, 

weeding, and hilling. Fertilization occurred 

twice, with the urea fertilizer applied at 150 kg 

N ha−1 and NPK (15:15:15) at 300 kg ha−1 

after 10 days of planting, and later, after 30 

days of planting with urea (200 kg ha−1). For 

weed management, the spraying of herbicides 

Atrazine (600 g L−1) and Mesotrione (60 g L−1) 

controlled the weeds. For controlling the plant’s 

pests and diseases, applying the insecticide 

emamectin benzoate (30 g L−1) ensued. 

Harvesting continued at the physiological age 

marked by yellow corn husks, hardened seeds, 

and the appearance of a black layer at the 

growing point. 

 

Traits measurement and analysis 

 

The observations proceeded on 10 randomly 

selected maize plants in each genotype and 

replication. The variables included plant height, 

height of cob, male flowering days, female 

flowering days, cob length, cob diameter, rows 

per cob, grains per cob row, harvested cob 

weight, moisture content, yield percentage, 

and productivity.  

All the recorded data’s analysis used 

the analysis of variance (ANOVA) with a 

standard error of 5%. The data analysis results 

served to determine the heritability values for 

each character. Broad-sense heritability (h2) 

has the formula as follows (Jain and Allard, 

1960): 

 

Heritability (h2) = σ2g/σ2p 

Table 1. The genotypes used in this study. 

Rank Lines Rank Lines Rank Lines 

1 862 10 HDMT 29-1-1-1-1-2 19 MDKL 

2 AVLN 118 11 HDMT 30 20 Mgold 

3 BCY 12 HDMT 52-L5 21 Mpop 24-13 

4 BLI 6-1 13 HDMT 8-3-2-1-1 22 Mpop 27 

5 Clyn 231 14 HR-5 23 MSM 53 

6 ERC 24 15 HR-6 24 P2 

7 GLT 22-8 16 JHD14 25 P6 

8 HDMT 16 17 JHD15 26 Pop 23 

9 HDMT 28-1-1-1-1-1 18 MCL88 27 T3-11-3-1 
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Determination of selection criteria took 

place using the Pearson correlation and path 

analysis to identify characters with high 

correlations and the highest direct effect on 

grain yield. Furthermore, the analysis 

continued using the principal component 

analysis (PCA) to reduce the number of 

interrelated variables while maintaining 

existing variations. Analysis also ensued with 

the selection of the best genotype using the 

LSD test at the 5% level based on selected 

traits in the path analysis and PCA. Analyses 

succeeded using the STAR 2.0.1 application for 

ANOVA, correlation coefficients, principal 

component analysis biplot, and Tukey tests. 

Meanwhile, using Excel helped perform path 

analysis. 

 

 

RESULTS AND DISCUSSION 

 

Analysis of variance showed significant (P ≤ 

0.01) differences among the maize genotypes 

for almost all the traits, except moisture 

content (Table 2). The coefficient of variance 

(CV) values ranged from 1.87% to 16.12%. 

According to Fadhli et al. (2023), the greater 

the ratio between genotype variance and error 

variance, the more diversity in the character. 

This indicated that the observed maize 

genotypes were highly variable and a scope of 

genetic improvement through selection exists. 

Genetic progress plays an important role in the 

efficiency of a selection, and the genotype by 

environment interaction is of major concern for 

maize breeders (Chaves et al., 2023). Higher 

genetic variability gives an idea of the desired 

recombinants in the next generation 

(Kovačević et al., 2024). Reports on the 

analysis of variance also stated its 

effectiveness in being used in assessing the 

spatiotemporal variability of maize grain yield 

(De-Villiers et al., 2024) and in the genetic 

improvement of the hybrid maize (Tarekegne 

et al., 2023).  

In genetic parameters of the maize 

genotypes, the phenotypic variance (PV) was 

higher than the genotypic variance (GV). 

Heritability values ranged from 0.11 (moisture 

content) to 0.98 (weight of harvested cob, 

yield percentage, and productivity), and the 

observed heritability values were almost high 

(Table 2). The low heritability value shown by 

the trait of moisture content can be a choice in 

advanced generations by using the pedigree 

method. High heritability values were notably 

considerably helpful in deciding the direction of 

selection to be used (Norman et al., 2024). 

Knowing the heritability estimates can give an 

idea that genetic parameters significantly 

affect the productivity (Sahito et al., 2024). 

Table 2. Analysis of variance of maize genotypes for various traits. 

Traits 
Mean squares  Genetic parameters 

Replications Genotypes CV Gv Pv H2 

PH 29.84ns 1465.08** 3.44 477.68 509.73 0.94 

HC 25.62ns 668.23** 6.90 211.80 244.62 0.87 

MFD 2.78ns 17.67** 1.87 5.46 6.75 0.81 

FFD 2.75ns 19.93** 2.12 6.08 7.78 0.78 

LC 5.35** 30.98** 6.66 10.13 10.74 0.94 

DC 12.35ns 100.93** 7.15 31.69 37.55 0.84 

NRC 7.28** 4.82** 6.63 1.34 2.13 0.63 

NGR 42.74** 129.23** 16.12 40.65 47.92 0.85 

WHC 0.09ns 6.51** 6.92 2.16 2.20 0.98 

MC 2.94ns 1.87ns 10.19 0.17 1.54 0.11 

Y 0.00ns 0.06** 3.01 0.02 0.00 0.98 

P 0.10ns 10.21** 8.80 3.38 3.45 0.98 

Notes: **significant effect at 1%; ns=not significant; PH=plant height; HC=height of cob; MFD=male flowering days; 

FFD=female flowering days; LC=length of cob; DC=diameter of cob; NRC=number of rows per cob; NGR=number of 

grains per cob row; WHC=weight of harvested cob; MC=moisture content; Y=yield percentage; P=productivity; 

G=genotype; E=environment; CV=coefficient of variance; Gv=genotypic variance; Pv=phenotypic variance; and 

h2=heritability. 
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Table 3. Pearson correlation analysis of various maize traits. 

Characters PH HC MFD FFD LC DC NRC NGR WHC Y 

PH 1.00          

HC 0.89** 1.00         

MFD -0.41* -0.28 1.00        

FFD -0.24 -0.15 0.86** 1.00       

LC 0.50** 0.49* -0.41* -0.13 1.00      

DC 0.35 0.46* -0.39* -0.24 0.42* 1.00     

NRC 0.15 0.30 -0.27 -0.01 0.34 0.63** 1.00    

NGR 0.30 0.31 -0.40* -0.25 0.59** 0.69** 0.35 1.00   

WHC 0.52** 0.56** -0.60** -0.36 0.80** 0.75** 0.54** 0.81** 1.00  

Y 0.01 0.17 -0.13 -0.15 0.09 0.68** 0.28 0.68** 0.54** 1.00 

P 0.46* 0.51** -0.57** -0.35 0.74** 0.76** 0.54** 0.84** 0.99** 0.62** 

Notes: **significant effect at 1%; *significant effect at 5%; PH=plant height; HC=height of cob; MFD=male flowering 

days; FFD=female flowering days; LC=length of cob; DC=diameter of cob; NRC=number of rows per cob; NGR=number of 

grains per cob row; WHC=weight of harvested cob; Y=yield percentage; and P=productivity. 

 

 

Table 4. Path analysis of the various maize traits. 

Traits DE PH HC MFD LC DC NRC NGR Y Residuals 

PH 0.10 
 

0.00 0.08 0.23 -0.01 0.02 0.04 0.01 0.06 

HC 0.00 0.09 
 

0.06 0.22 -0.02 0.05 0.04 0.08 0.06 

MFD -0.21 -0.04 0.00 
 

-0.19 0.02 -0.04 -0.05 -0.06 0.06 

LC 0.46 0.05 0.00 0.09 
 

-0.02 0.06 0.07 0.04 0.06 

DC -0.04 0.04 0.00 0.08 0.19 
 

0.10 0.08 0.31 0.06 

NRC 0.16 0.02 0.00 0.06 0.16 -0.02 
 

0.04 0.13 0.06 

NGR 0.12 0.03 0.00 0.08 0.27 -0.03 0.06 
 

0.31 0.06 

Y 0.45 0.00 0.00 0.03 0.04 -0.03 0.05 0.08 
 

0.06 

Notes: DE=direct effect; PH=plant height; HC=height of cob; MFD=male flowering days; LC=length of cob; DC=diameter 

of cob; NRC=number of rows per cob; NGR=number of grains per cob row; and Y=yield percentage. 

 

Genotypic differences affecting the 

production have received considerable 

attention. Based on the correlation coefficient 

analysis, the harvested cob weight and grains 

per cob row revealed significant correlations 

(0.99 and 0.84, respectively), which 

authenticated that these characters have the 

highest relationship with productivity (Table 3). 

Results regarding the correlation coefficient 

also appeared in the evaluation of high-yielding 

hybrid maize (Farid et al., 2024) and in the 

morphological and physiological response of 

maize (Yasin et al., 2024). The independent 

relationship of the harvested cob weight and 

grains per cob row with productivity is 

generally useful in the selection of these 

characteristics in the early generations and to 

obtain the maize strains with the superior 

productivity. Therefore, characters showing a 

significant correlation to productivity 

underwent further evaluation using the path 

analysis.  

Path analysis continued without 

including the trait of harvest cob weight. This is 

because the said character was indicating a 

high level of multicollinearity on productivity. 

Based on the path analysis, the cob length 

expressed the highest direct effect (0.46), 

followed by yield percentage (0.45) (Table 4). 

The traits of plant height (0.10), height of cob 

(0.00), grain rows per cob (0.16), and grains 

per cob row (0.12) also expressed positive 

direct effects on productivity. The traits of 

male flowering days (-0.21) and cob diameter 

(-0.04) revealed the negative direct effects on 

the production. Direct effect is an indicator that 

shows the trait’s influence on the main 

character. The outcomes further disclosed that 

the cob length and yield percentage were the 

best characteristics besides the harvest cob 
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Figure 1. Principal components-based biplot analysis in maize. PH=plant height; HC=height of cob; 

MFD=male flowering days; LC=length of cob; DC=diameter of cob; NRC=number of rows per cob; 

NGR=number of grains per cob row; WHC=weight of harvested cob; Y=yield percentage; and 

P=productivity. 

 

 

Table 5. Principal component analysis of maize characters. 

Variable PC1 PC2 

Proportion of variance 0.56 0.16 

Cumulative proportion 0.56 0.72 

Eigenvalue 5.63 1.61 

Notes: PC=principal component. 

 

weight. Path analysis can provide an 

understanding of the causal relationship among 

the different attributes, thus increasing the 

efficiency of the selection process (Tolera et 

al., 2024). An increasing cob length and yield 

percentage signified a relationship with 

increased productivity, meaning this character 

can be beneficial as the most effective 

secondary feature in selecting maize 

genotypes. 

Multivariate analysis was applicable to 

those traits that affect productivity. Principal 

component analysis (PCA) can reduce 

numerous interrelated variables while 

maintaining the variation that exists in the 

data set (Zewdu et al., 2024). Based on the 

PCA biplot analysis, almost all characters have 

the same grouping as productivity, except for 

the trait of male flowering days (Figure 1). This 

explains that these qualities can be favorable 

as effective criteria in the selection. The result 

of principal component analysis also showed 

the eigenvalue greater than 1, with 

eigenvalues of 5.63 (PC1) and 1.61 (PC2), as 

the proportion for Principal Component 1 (PC1) 

is 0.56 and for Principal Component 2 (PC2) is 

0.16 (Table 5), based on the principle that 

their eigenvalues less than 1, respectively, can 

explain the cumulative factor and diversity 

between characters. An eigenvalue of 1 is the 

effective limit of dimensionality and enhances 

the representation of the data’s inherent 

structure (Kaviriri et al., 2023; Li, 2024).  

Multivariate analysis can serve to 

analyze and integrate the large variable data 

into simpler ones (Afzal et al., 2024). Principal 

component biplot analysis has been widely 

reported in previous studies, such as the in 

evaluation of maize cultivars via multivariate 

analysis (Khan et al., 2024) and to assess the 

effects of complex foliar fertilizers regarding Z. 

mays L. productivity (Crista et al., 2024).
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Table 6. Selected characters based on path analysis and PCA. 

Genotype LC (cm) Y (%) P (t ha-1) 

862 12.94e 0.75h 3.39ef 

AVLN 118 9.35lm 0.78f 2.63jk 

BCY 6.97n 0.75gh 1.80m 

BLI 6-1 12.90e 0.66k 2.39kl 

Clyn 231 9.22lm 0.83cd 3.54de 

ERC 24 9.73kl 0.81de 3.54de 

GLT 22-8 8.88m 0.48m 0.96n 

HDMT 16 9.13lm 0.92a 3.18fg 

HDMT 28-1-1-1-1-1 13.88d 0.84bc 4.32c 

HDMT 29-1-1-1-1-2 10.36ijk 0.82de 3.46de 

HDMT 30 11.18h 0.63l 2.28l 

HDMT 52-L5 15.61c 0.69j 3.07gh 

HDMT 8-3-2-1-1 10.79hij 0.83cd 2.30l 

HR-5 12.25ef 0.82de 3.60de 

HR-6 12.08fg 0.78f 3.15fg 

JHD 14 21.30a 0.86b 9.04a 

JHD 15 20.14b 0.82de 8.01b 

MCL88 7.65n 0.80e 2.72j 

MDKL 10.29jk 0.85bc 3.72d 

Mgold 9.18lm 0.82de 3.35ef 

Mpop 24-13 11.48gh 0.74h 2.98ghi 

Mpop 27 11.97fg 0.75gh 2.87hij 

MSM 53 11.15h 0.77fg 2.81ij 

P2 12.52ef 0.64kl 1.55m 

P6 11.08hi 0.44n 0.39o 

Pop 23 11.50gh 0.71i 2.34l 

T3-11-3-1 11.40gh 0.24o 0.37o 

Notes: Numbers followed by the same letter in a column indicate no significant difference from LSD tests level of 5%. 

LC=length of cob; Y=yield percentage; and P=productivity. 

 

Selection of the best genotypes 

through PCA showed 14 maize genotypes with 

the promising values for the selected 

characters (Figure 1). Based on the 

recapitulation of selected characters, the maize 

genotypes JHD14 (16) and JHD15 (17) 

emerged as the best strains having the 

potential for highest productivity, with a value 

of 9.04 t ha-1 and 8.01 t ha-1, providing a value 

of 21.30 and 20.14 cm for cob length, and 

providing a value of 0.86% and 0.82% for 

yield percentage, respectively (Table 6). 

Additionally, maize genotypes MDKL (19), HR-

5 (14), ERC (6), HR-6 (15), 862 (1), Mgold 

(20), HDMT 52-LS (12), HDMT 28-1-1-1-1 (9), 

Clyn 231 (5), Mpop 24-13 (21), MSM 53 (23), 

and Mpop 27 (22) can be recommendations as 

lines with the potential to be the best 

candidate genotypes with high productivity. 

 

 

CONCLUSIONS 

 

In conclusion, the morphological parameters, 

heritability, correlation, and multivariate 

analysis proved useful in characterizing the 

maize germplasm for high productivity. An 

increasing cob length and yield percentage 

occurred relevant to increased productivity, 

meaning this character can be beneficial as the 

most effective secondary character in selecting 

maize genotypes. Selection based on promising 

traits resulted in 14 maize lines (JHD 14, JHD 

15, MDKL, HR-5, ERC, HR-6, 862, Mgold, 

HDMT 52-LS, HDMT 28-1-1-1-1, Clyn 231, 

Mpop 24-13, MSM 53, and Mpop 27) with 

ratings as the best candidate genotypes with 

maximum productivity. 
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