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Abstract: To establish effective breeding techniques for the creation of 

nutritionally enhanced maize cultivars, reasonable information of the extent of 

genetic diversity, heritability, genetic advance, correlation analyses, and 

interrelationships of yield and yield related variables is essential. As a result, the 

goal of this study was to determine the nature and magnitude of genetic variability, 

heritability, Correlation Analysis, genetic advance, and principal Component 

analysis of grain yield and yield-related traits in quality protein maize inbred lines 

adapted to Ethiopia's mid-altitude agroecology. During 2019/2020, the experiment 

was done on 36 inbred lines, including four checks at Bako and Jimma. The 

genotypes were tested three times in an alpha lattice arrangement. For all 

parameters except days to maturity, the mean square due to genotypes was 

extremely significant, according to the analysis of variance. The level of 

phenotypic and genotypic variation among all eleven characteristics showed that 

the environment influenced the expression of features in some way. Grain yield, 

kernels per ear, ear diameter, and thousand kernels weight all showed a moderately 

greater heritability. The estimated genetic progress as a percent of mean for grain 

production, kernels per row, and ear per plant was extremely high, indicating the 

control of additive gene of action and a better hope for selection of these traits. 

Grain yield has a high heritability mixed with a high genetic advance, indicating 

that additive gene action is dominant in controlling the variable. Days to maturity, 

plant and ear height, ear diameter, ear per plant, and thousand kernel weights all 

exhibited extremely significant positive associations with grain yield. The 

eigenvalue of the first main component was 6.16, and it accounted for 4.60 of the 

total variances. The PC7 had large ear weights per plant, which most likely 

reflected yield. Finally, in future quality protein maize breeding efforts, special 

attention and emphasis should be given to yield and quality attributing 

characteristics in order to increase yield and quality features. 

Keyword: Correlation, Eigen Vectors, Eigenvalue analysis, Heritability, genetic 

variability, genetic advance, inbred lines, Principal component analysis (PCA). 
Copyright © 2022 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

INTRODUCTION 
Maize is a major source of food and feed for 

livestock and poultry for a big portion of the world's 

population (Prasanna 2012). In terms of production 

volume, area coverage, and household consumption, 

maize is one of the five major cereals (along with 

wheat, teff, barley, and sorghum) (Tsedeke et al., 2015). 

Maize feeds around 300 million individuals in Sub-

Saharan Africa who are food insecure (La Rovere et al. 

2010). According to current data, it is the most 

important staple food crop in Sub-Saharan Africa, 

supporting the livelihoods of more than 1.2 billion 

people (Makore et al, 2021). Maize enhancement for 

yield potential is the focus of numerous genomics and 

breeding efforts throughout the world, as it is a critical 

component of global food security (Katragadda et al, 

2020). As a result, to solve the problem of feed 

insecurity, a quick rise in maize yield is a top goal for 

reducing hunger and poverty. 
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Maize yields in poor nations are substantially 

lower than in developed countries. According to FAO 

(2019), Africa's average maize yields are less than 2.01 

tons/ha, while West Africa's yields are less than 1.84 

tons/ha, compared to a global average of 5.82 t/ha. 

These findings suggest that multiple genetic and trait 

association investigations for newly generated maize 

inbred lines are still necessary, since there have been 

conflicting reports on the kind of gene activity 

regulating grain production and other agronomic 

parameters to push for maximum yield and variety 

development Maize is the primary diet in major maize-

producing areas (Mosisa et al., 2011). It accounts for 

roughly 16.7% of national calorie consumption, 

followed by sorghum (14.1%) and wheat (12.6%). 

(Guush et al., 2011). Despite its rising usage as a source 

of carbohydrates, maize grain, like all other cereals, is 

recognized for having low protein content, notably in 

two key amino acids, lysine and tryptophan (Sarika et 

al., 2018). The absence of these two necessary amino 

acids, particularly in babies, may cause initial 

development failures such as 'kwashiorkor,' a weakened 

immune system, and mortality (Sultana et al., 2019). 

Protein deficiency is another difficulty and situation 

that need new approaches, particularly among 

youngsters who eat mostly maize and other cereal 

grains. The nutritional content of quality protein maize 

has been increased by conventional breeding, a process 

called as biofortification (Bouis et al., 2011). The two 

necessary amino acids, lysine and tryptophan, are richer 

in QPM varieties, resulting in a better-balanced protein 

for humans and other monogastric animals (Girma et 

al., 2010). 

 

In Ethiopia, on the other hand, some QPM 

varieties that improved the nutritional quality of maize 

were released recently. However, due to several 

characteristics that have limited their adoption by 

farmers, such as high susceptibility to common leaf 

rust, especially when grown in hot spot rust; 

susceptibility to turcicum leaf blight; and low seed 

yield, the market share of these newly released varieties 

is generally small (Adefris et al., 2015). Furthermore, 

compared to normal maize, breeding for QPM varieties 

is a challenging task due to the QPM germplasm's low 

genetic basis, convoluted genetic system, and limited 

financing. Germplasm augmentation, genetic diversity, 

heritability, correlation analysis, genetic advance, and 

gene action investigation of the QPM inbred line, as 

well as further efforts via the introduction and creation 

of new inbred lines in Ethiopia, are required to solve 

these problems. Through exploitation of the genetic 

diversity, heritability, correlation analysis, genetic 

advance, and principal component available in quality 

protein maize and conventional maize germplasm, 

genetic advance of maize provides an opportunity to 

address some of these restrictions.  

 

The genetic variety contained in the breeding 

material employed in the program is critical for a 

successful plant breeding program (Khan et al., 2017). 

When heritability is utilized to determine genetic 

advance (GA), which reflects the degree of gain in 

characteristics achieved under specific selection 

pressure, its usefulness improves. As a result, genetic 

progress is a critical selection attribute that supports the 

breeder in a selection procedure (Shukla et al., 2004). 

Information on the interrelationships between 

quantitatively inherited plant features and their direct 

and indirect consequences on grain production is 

critical for successful breeding program selections 

(Khan et al., 2006). Correlation coefficient analysis is 

useful in this regard since it allows for the simultaneous 

selection of various variables that influence yield 

(Menkir, 2008). Analysis of trait variability and 

identification of relationships between various traits that 

contribute to yield would aid in the development of 

high yielding varieties (Mary and Gopalan 2006). 

 

Maize has been used to examine the 

relationship between characteristics and heritability and 

genetic variability (Maruthi and Jhansi Rani, 2015). 

Principal component analysis, on the other hand, is a 

multivariate approach for investigating the correlations 

between numerous quantitative variables (Johnson 

2012). It is the most often used approach in variability 

research and numerical classification, and it is 

beneficial for grouping varieties based on their 

commonalities (Bello, 2004). The goal of principal 

component analysis is to shrink the size of the data set. 

PCA of morphological characterization data, according 

to Watson and Eyzaguirre (2002), can reveal a few key 

or minimal descriptors that successfully account for the 

majority of the variation seen, saving time and effort for 

future characterization attempts. The principal 

components technique is quite useful for finding which 

crop agronomic qualities contribute the most to 

production, and these agronomic traits should be 

stressed in the breeding program. PCA is a statistical 

approach for compressing multivariate data sets and 

extracting usable information. Finally, as several 

researchers have stated, knowing the degree of genetic 

diversity, heritability, and genetic progress in selection 

may help the breeder establish the criteria to employ for 

improving yield and contributing qualities (Bello et al., 

2012). Because polygene controls grain yield in maize, 

effective yield improvement and simultaneous 

enhancement of yield components are essential (Reddy 

et al., 2013). Breeders must therefore have prior 

knowledge of the correct ways to examine the diversity 

among the available genotype in order to determine 

genetic heritability and others. As a result, the goal of 

this research is to look into the genetic variability, 

heritability, correlation analysis, genetic progress, and 

principal component analysis of yield and yield-related 

parameters in quality protein maize inbred lines. 
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MATERIALS AND METHODS 
Descriptions of experimental sites 

During the 2019 cropping season, the 

experiment was carried out at the Bako National Maize 

Research Center (BNMRC) and the Jimma Agricultural 

Research Center (JARC). At an altitude of 1650 meters 

above sea level, BNMRC is located between 9006' 

north latitude and 37009' east longitude in the sub-

humid agro-ecology. The location's mean minimum and 

maximum temperatures are 19.7°C and 22.70°C, 

respectively. The site's long-term annual rainfall is 1245 

mm, with a relative humidity of 63.55 percent. The soil 

type of BNMRC is reddish brown in color, with a clay 

and loam texture (nitisols) and a pH between 6.0 and 

5.9. (Girma et al., 2015). The Jimma Research Center 

(JARC) is located at a height of 1753 meters above sea 

level, between 740'37'N and 36o49'47'E. The average 

high and low temperatures are 11.9 and 26.2 degrees 

Celsius, respectively. It receives 1532 mm of rain on a 

yearly basis. The site's long-term yearly rainfall is 1572 

mm per year with RH of 67%. Reddish brown/ nitisols 

with a pH of 5.20 describe the soil type at JARC (Lemi 

et al., 2018). 

 

Experimental materials 

A total of 36 F1 hybrids and four commercial 

checks were used in the study. The 36 F1 hybrids were 

developed at Bako National Maize Research Center 

employing line by tester during the 2018/2019 cropping 

season from 13 parental lines (9 females and 4 males) 

brought from CIMMYT and IITA for QPM germplasm 

development. 

 

Experimental Design and Field Managements 

The hybrids (36F1) and four commercial 

checks with a total of 40 entries were planted in a 5x8 

alpha lattice experimental design with three replications 

for both sites during the main cropping season of 2018. 

Each entry was planted in one 5-meter-long row, with 

0.75-meter spacing between rows and 0.25-meter 

spacing between plants within a row. To guarantee 

excellent germination and seedling development, 

planting was done at the start of the major rainy season 

after appropriate soil moisture levels were established. 

Herbicide used before to emergence. Fertilizers 

containing NPS and urea were applied at rates of 150 

kg/ha and 250 kg/ha, respectively. The remaining 

agronomic practices were carried out according to the 

areas' recommendations.             

 

DATA COLLECTED AND DATA ANALYSIS 

On a plot and sampled plant basis, data on 

grain yield and other significant agronomic parameters 

were gathered. Days to 50% silking (DS), number of 

ears per plant (EPP), and field weight of grain yield 

(GY) were collected on a plot level, while ear height 

(EH) (cm), plant height (PH) (cm), number of rows per 

ear (NRPE), number of kernels per row (NKPR), ear 

diameter (ED), ear length (EL), and thousand kernels 

weight (TKW) were collected on a sampled plant level 

(TKW). To estimate the genetic variability traits, SAS 

software version 9.3 (SAS Institute, 2014) was used to 

analyze the combined data of each hybrid class across 

the two sites. The phenotypic, genotypic, and 

environmental variations were calculated using the 

methods proposed by Singh and Chaundhary (1979) 

and Allard (1960). 

 

Estimation of variance components 

To determine genetic variability among 

genotypes, variance components were calculated. The 

anticipated mean squares of analysis of variance were 

used to compute error (2e), genotypic (2 g), and 

phenotypic (2 p) variances using the method proposed 

by Hallauer and Miranda (1988). 

 

Error variance σ 
2
e = MSe, Where: MSe= 

mean square of error, Genotypic variance σ
2

g=

        

  , 

Genotypic variance by Environment interaction 

variance σ
2

gl= 
        

  
  and Phenotypic variance σ 

2
 

p= σ
2
g   

    

  
   

    

 
)  where, MSg = mean square of 

genotype; MSgl = mean square due to genotype by 

environment interaction; MSe = error mean square 

(mean square of environment); l = number of locations; 

r = number of replications. 

 

Estimation of Coefficients of Variation  
The genotypic and phenotypic coefficients of 

variation were estimated according to the procedure 

outlined by Johnson et al. (1955) and described by 

Singh and Chaudhary (1985) as follows: - 

 

PCV= (
    

 
)x100, GCV= (

    

 
)x100, and 

components of variance (δ
2
p, δ

2
g, δ

2
e) were estimated 

and used for the estimation of coefficients of variation 

(PCV and GCV): δ
2
p: phenotypic variance, δ

2
g: 

genotypic variance, δ
2
e: environment variance, µ: mean 

value of the particular trait. PCV: phenotypic 

coefficient of variation, GCV: genotypic coefficient of 

variation. GCV and PCV values were categorized as 

low when less than 10%, moderate, 10-20% and high, 

greater than 20% as indicated by Deshmukh et al. 

(1986). 

 

Heritability and genetic advance estimation 

Broad sense heritability (H) and genetic 

advance (GA) for pooled data across locations for each 

hybrid class were estimated. Broad-sense heritability 

was estimated according to the procedure suggested by 

Singh and Chaudhary (1985): 

 

Heritability broad sense (H
2
) =

    

    
x100, Where: σ

2
g= 

genotypic variance and σ
2
p= phenotypic variance. Then 

it was categorized as low (0-30%), moderate (30-60%) 

and high (>60) as indicated by Robinson et al. (1955). 

In other way, Singh (2001) also suggested that 
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heritability percentage were categorized as low when 

less than 40%, medium, 40–59%,+320. moderately 

high, 60-79% and very high, 80%. 

 

 

Genetic advance (GA) and genetic advance as 

percent of the mean (GAM) 
GA =(K*p*H2), where p is the phenotypic 

standard deviation of the characteristics, H2 is the wide 

sense heritability estimate, and k is the selection 

differential, where k=2.063 at 5% selection intensity. 

To compare the extent of predicted advances of 

different traits under selection, the genetic advance as a 

percentage of the mean was calculated. GAM=
  

 
*100 

according to Falconer (1996) suggested, where µ=grand 

mean of the traits. 

 

RESULTS AND DISCUSSION  
Analysis of variances 

The analysis of variance of different traits of 

quality protein maize is presented in Table-1. The 

ANOVA revealed that there were significant 

differences between genotypes for all of the traits 

studied, including grain yield, days to anthesis, days to 

silking, days to maturity, plant height, ear height, 

number of rows per ear, kernel per row, ear length, ear 

diameter, ear per plant, and thousand kernel weights. 

For all of the characteristics investigated, there were 

very significant (P0.01) differences across genotypes. 

The presence of variability in this study, according to 

Digvijay et al. (2020), demonstrated that there was 

considerable chance for selection for these 

characteristics. Variations across genotypes were 

identified owing to changes in the genes carried by 

various genotypes and the interaction of distinct gene 

combinations owned by different inbred lines with the 

environment to which the genotypes were exposed, 

which is misleading. The degree of phenotypic and 

genotypic variation among all eleven traits revealed that 

environmental factors influenced character expression. 

As a result, the huge amount of variation is owing to a 

variety of material sources as well as environmental 

effects, which predominately influenced the phenotypic. 

Plant breeders might use the genetic diversity 

discovered in this study to generate higher-quality 

protein maize hybrid cultivars. Only grain yield, kernels 

per row, and ear per plant showed significant GxE 

interaction (Table-1). Plant height, ear length, 50 

percent days to anthesis, 50 percent silking, ear length, 

ear diameter, number of ears, number of rows per ear, 

number of kernels per row, ear per plant, thousand grain 

weight, and 100 grain weight were all observed to have 

high variability. In previous investigations, substantial 

differences between maize genotypes per row and ear 

per plant were found(Ghimire et al.,2015; Singh et al., 

2017; Jilo et al., 2018; Beulah et al., 2018; Islam et al., 

2020; Neupane et al., 2020).  

 

Table-1: Mean squares of variance for different studied traits in maize genotypes 

Source of 

variation

  

DF GY DA DS MD PH EH RPE KPR EL ED EPP TKW 

E 1  711.04*

* 

 319.7

** 

 75.94

* 

 68.2

7* 

 0.13  0.94  8.36

* 

 6512.

5** 

 873.6

4** 

 33.09

** 

28.26

**  

0.24*

*  

Entry 39  8.86**  21.84

** 

 27.88

** 

 34.8

5* 

1286.8

3** 

 620.9

4** 

 2.24

** 

 34.15

** 

 3.99*  0.22*

* 

 0.26*

* 

 0.006

** 

GxE 39  2.37*  1.06  0.49  19.4

9 

 10.22  0.52 0.71   20.14

* 

 3.86*  0.11  0.22*

* 

 0.002 

Rep(E) 4  2.68  0.08  0.013  75.3

2* 

 4.64  0.94  0.04  22.44  7.06*  0.000

9 

 0.064  0.004 

Bloc(R) 21  0.844  6.63  6.45  55.9

9* 

 281.28  237.5

6* 

 0.45  7.48  2.51  0.046  0.062  0.002 

Error  142  1.02  5.78  5.86  16.9

4 

 164.92  73.13  0.64  11.85  2.25  0.06 0.09   0.002 

Cv  13.97  2.95  2.98  2.68  5.51  8.34  5.38  9.93  9.77  5.71  28.94 15.37 

R2 0.89 0.65 0.64 0.62 0.71 0.75 0.63 0.84 0.80 0.85 0.79  0.71 

Root MSE 1.01 2.4 2.42 4.12 12.84 8.55 0.81 3.44 1.51 0.25 0.31 0.041 

*Significant at P ≤ 0.05 level of significance, **Significant at P ≤ 0.01 level of significance, DF = Degree of freedom, E=environment, 

CV=Coefficient of Variation, GxE=genotype interactions with environment, R2= R-Square, GY=grain yield, DA=days to anthesis, 

DS=days to silking, MD=days to maturity, PH=plant height, EH=ear height, RPE=number of rows per ear, KPR=number of kernels 

per row, EL=ear length, ED=ear diameter, EPP=ear per plant, TKW=thousand kernel weight. 

 

Mean and range values 

The mean and ranges values for the 12 quality 

protein maize traits presented in Table-2.The results 

showed significant difference among the genotypes for 

grain yield and yield related traits. The mean grain yield 

ranged from 9.81 to 5 ton/ha. Number of kernels per 

row ranged from 44.73 to 34.53with a mean value of 

34.7 numbers. The range observed for kernel row per 

ears was 16.13 to 12.67 with overall mean of 14.8 rows. 

The maximum and minimum values of 1000-kernel 

weight were 0.41 and 0.22t/ha respectively, with a 

mean value of 0.27t/ha. The mean plant and ear heights 

of the genotypes ranged from 263.6 to 204.3 cm and 

123-78 cm with overall mean 233.1 and 102.5cm 

respectively. The range observed for days to 50% 

silking was 85.8 to 77.3 days, with overall mean of 81.3 
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days. Days to 50% anthesis varied from 85.7 to 77.7, 

with overall mean of 81.6 days. Days to maturity varied 

from 159 to 147 days, with a mean of 153.7 days. 

Among total studied genotypes most of genotypes were 

showed to display early maturing day. It is, therefore, 

suggested that these genotypes could be used for further 

improvement of quality protein maize for yield and 

yield traits breeding approach. Mainly, the varied 

variability observed for grain yield as quantitatively 

inherent traits among the genotypes means that, there is 

sufficient opportunity for selection in the genotypes for 

improvement of these important yield traits. Tulu et al. 

(2014); Umar et al. (2016) and Jilo et al. (2018) 

reported a varied range of variability of maize attribute 

such as grain yield, row number per ears, number of 

kernels per row, ear length, ear diameter and thousand-

kernel weight is approved by the current study. 

 

Genetic variability (Genotypic and phenotypic 

coefficients of variation) 

Estimated variance components of PCV and 

GCV of the quality protein maize studied traits are 

presented in Table-3. The relative quantity of 

phenotypic coefficient of variation (PCV) and 

genotypic coefficient of variation (GCV) may be 

compared to obtain trustworthy and relevant 

information from the genuine strength of variability 

(GCV). The environment has a significant impact on 

the quantitative and qualitative characteristics of quality 

protein maize. Genetic qualities including genotypic 

coefficient of variation (GCV), heritability, phenotypic 

coefficient of variation (PCV), and genetic progress can 

be used to measure hereditary and non-heritable 

variation in this effect. Grain yield was shown to have a 

high GCV and PCA in this investigation (20.37). Grain 

yield showed a wide range of PCV and GCV, 

demonstrating that this feature is genetically controlled 

and highlighting the relevance of this trait in the 

evolution and selection of inbred lines of quality protein 

maize. Begum et al. (2016) found that PCV had higher 

amplitude of variation than GCV, suggesting that the 

apparent differences were not just attributable to 

genotypes but also to environmental variables. Ear 

height (14.03), ear per plant (10.50), and thousand 

kernel weights, on the other hand, were modest values 

(13.52). The remaining traits, such as rows per ear, 

kernels per row, ear length, days to anthesis, days to 

silking, and days to maturity, had low phenotypic and 

genotypic coefficients of variation, which could be due 

to phenotypic plasticity and the presence of both 

positive and negative alleles in the quality protein maize 

genotypes, resulting in low genotypic variation. 

Ghimire et al. (2015), Umar et al. (2016), Jilo et al. 

(2018), and Neupane et al., 2020 in various maize 

genotypes concur with the current findings. In general, 

the phenotypic co-efficient of variation for the traits 

studied was higher than the genotypic co-efficient of 

variation, indicating that they all interacted with the 

setting to some extent. 

 

Heritability and genetic advance 

Estimated heritability (H
2
%) and genetic 

advance of the studied traits are presented in Table-2. In 

order to increase the quality protein content of maize, 

heritability and genetic progress were shown to be 

critical. Incorporating genetic variation with heritability 

estimates would provide sufficient data on selection 

efficacy. Heritability is the study of how values are 

passed down from one generation to the next. It is the 

most important factor in improving the genetics of high-

protein maize and other crops. Grain yield, days to 

anthesis, days to silking, plant and ear height, kernels 

per ear, ear diameter, and thousand kernels weight were 

all recorded for the moderate heritability; however, the 

low and medium heritability were only recorded for ear 

length and ear per plant. Kumar et al., (2014); Singh et 

al., 2017 and Jilo et al., 2018 were recorded similar 

findings in maize. Kumar and Choudhary (2018) 

suggested high estimates of heritability means that most 

of the variation is caused by genotype and very small 

portion attributed by environmental variations. Rocha et 

al. (2019) decided that heritability principles above 

80% permits significant selection gains for improving 

grain yield of maize. 

 

Heritability estimates alone is not appropriate 

as high heritability along with high GAM would be 

more effective. The estimated of genetic advance as 

percent of mean (GAM) in the present study was very 

high (>20%) for grain yield, kernels per row and ear per 

plant. Moderate GAM values (10-20%) for plant height, 

ear height and ear diameter. Agronomic attributes such 

as days to 50% anthesis, days to 50% silking days to 

maturity, number of rows per ear and ear length, 

showed low GAM values (<10%). Similar results were 

reported for maize inbred lines by different 

investigators for different maize traits (Taye, 2014; Jilo 

et al., 2018; and Bartaula et al., 2019). On other hand, 

high heritability joined with high genetic advanced 

percent (GAM) was observed for grain yield, ear per 

plant and thousand kernels weight indicating the control 

of additive gene of action and a better prospect for 

selection of these attributes. Similar findings were 

reported by various scholars such as for grain yield 

(Freeman et al., 2019) and for thousand kernels weight 

(Rahman et al., 2017) respectively. In general, 

heritability is a measure of phenotypic variance 

attributable to genetic causes that has a predictive 

function in plant breeding, and the presence of large 

genetic variability among quality protein maize 

genotypes suggests that future quality protein maize 

improvement programs have a good chance. According 

to Bartaula et al. (2019), all of the characteristics 

investigated had substantial heritability combined with 

very low genetic progress as a percent of mean, 

indicating that the trait's expression are under the 

control of non-additive gene action and that its response 

to selection is inadequate. In this instance, the 

hybridization program will be fruitful. All of the other 

qualities tested had a high heritability combined with a 
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high genetic progress, indicating that additive gene 

action was dominant in influencing the variables. As a 

result, direct selection of such features might help 

increase yield. 

 

Table-2: Components of variance, coefficients of variability (%), heritability (H
2
), expected genetic advance (GA) 

and genetic advance as percent of mean (GAM) of maize genotypes 

Traits Mean±Se SD Range δ2
p δ2

g σ
2
gl PCV GCV H2% GA GAM% 

GY  7.22±0.024 2.7  9.81-5  2.87 2.163  1.082  23.48  20.37  75.27  4.2  58.07 

DA  81.6±0.029 4.7  85.7-77.7  9.62 6.93  3.463  3.80  3.23  71.99  7.0  8.55 

DS  81.3±0.034 4.8  85.8-77.2  12.39 9.13  4.565  4.33  3.72  73.69  7.3  8.98 

MD  153.7±0.041 12.1  159-147  9.22 5.12  2.560  1.98  1.47  55.51  13.9  9.02 

PH  233.1±0.043 27.5  263.6-204.3  559.41 425.54  212.768  10.15  8.85  76.07  43.2  18.51 

EH  102.5±0.052 12.0  123-78  270.70 206.81  103.403  16.05  14.03  76.40  18.9  18.45 

RPE  14.8±0.053 1.0  16.13-12.67  0.74 0.510  0.255  5.83  4.83  68.53  1.4  9.55 

KPR 34.7±0.055 6.8 44.73-34.53 7.81 4.67 2.335 8.05 6.23 59.78 8.4 24.17 

EL  15.3±0.055 2.7  19.07-15.53  0.43 0.043  0.022  4.28  1.36  10.10  0.6  3.68 

ED  4.5±0.056 0.5  5.62-4.39  0.06 0.037  0.018  5.25  4.26  65.67  0.7  15.05 

EPP  1.1±0.060 0.5  2.37-0.7  0.03 0.013  0.007  16.18  10.50  42.11  0.4  39.48 

TKW  0.27±0.06 0.1  0.41-0.22  0.002 0.001  0.007  16.56  13.52  66.67  0.1  50.94 

SD=standard of deviations, SE= standard of error, GY=grain yield, DA=days to anthesis, DS=days to silking, MD=days to maturity, 

PH=plant height, EH=ear height, RPE=number of rows per ear, KPR=number of kernels per row, EL=ear length, ED=ear diameter, 

EPP=ear per plant, TKW=thousand kernel weight, Phenotypic Variance= (σ2 P) and Genotypic Variance= (σ2g), Phenotypic 

coefficient of variability =(PCV) and Genotypic coefficient of variability= (GCV), Broad sense heritability= (H2), Expected genetic 

advances= (GA) and Genetic advance as percent of mean =(GAM) 

 

Estimates of genotypic and phenotypic correlations 

The phenotypic (upper diagonal) and 

genotypic (lower diagonal) correlation coefficients for 

all twelve quality protein maize traits were presented 

(Table-3).The grain yield and related traits expressed 

different trends of relationship among themselves. 

Grain yield showed highly significant positive 

correlations with days to maturity, plant and ear height, 

ear diameter, ear per plant and thousand kernels weights 

whereas it showed highly negative associations with the 

traits of days to anthesis, days to silking and number of 

kernels per ear correlation coefficient with grain yield. 

Days to anthesis and days to silking showed negative 

and significant correlations coefficient with plant and 

ear height, number of kernels per row, ear diameter, ear 

length and thousand kernels weight. Positive significant 

correlation was found in plant height, ear height, 

number of kernels per row, ear length, ear diameter, ear 

per plant and thousand kernels weight with yield at 

genotypic levels. According to Rocha et al., (2019) 

suggested if the relationship is owing to indirect effect 

of the trait through another trait, then corn breeder must 

select latter trait / traits contributing indirectly to 

enhance grain yield. On other hand, Alhussein and Idris 

(2017) reported that selection of negative and indirect 

effects would lead towards low efficiency for 

improving end trait. Selection of indirect and positive 

component traits i.e., no. of grains and no. of kernel 

rows for increasing kernel weight are beneficial. Wise 

indirect selection based on path coefficient analysis 

would impart faster genetic improvement of maize 

hybrids. 

 

Table-3: Phenotypic correlation coefficients of different traits among twelve maize genotypes 
Variable GY DA DS MD PH EH RPE KPR EL ED EPP TKW 

GY 1 -0.65** -0.66** 0.158* 0.742** 0.530** -0.13* 0.701** 0.639** 0.675** 0.762** 0.444** 

DA -0.65** 1 0.98** 0.02 -0.51** -0.18* 0.24* -0.64* -0.61* -0.59* -0.51* -0.38* 

DS -0.66** 0.98* 1 0.02 -0.53** -0.19* 0.24* -0.65* -0.62* -0.58** -0.52** -0.38** 

MD 0.16* 0.02 0.02 1 0.23* 0.25** 0.13* 0.07 0.11 0.16* 0.08 0.18* 

PH 0.74** -0.51** -0.53** 0.23* 1 0.74** -0.11 0.67** 0.61** 0.64** 0.66** 0.49** 

EH 0.53** -0.18* -0.19* 0.25** 0.74** 1 0.07 0.38** 0.37** 0.49** 0.42** 0.41** 

RPE -0.133* 0.24* 0.24* 0.13 -0.11 0.07 1 -0.19* -0.19* -0.06 -0.13* -0.19* 

KPR 0.70** -0.64** -0.65** 0.07 0.67** 0.38** -0.19* 1 0.74** 0.63** 0.61** 0.44** 

EL 0.64** -0.61** -0.62** 0.11 0.61** 0.37** -0.19* 0.74** 1 0.64** 0.49** 0.49** 

ED 0.68** -0.59** -0.58** 0.16* 0.64** 0.49** -0.06 0.63** 0.64** 1 0.56** 0.61** 

EPP 0.76** -0.51** -0.52** 0.08 0.66** 0.42** -0.13* 0.61** 0.49** 0.59** 1 0.34** 

TKW 0.44** -0.38** -0.38** 0.18* 0.49** 0.41** -0.19* 0.44** 0.49** 0.61** 0.34** 1 

Correlation Coefficients / Pr > |r|, **Significant at P ≤ 0.01 level of significance, *Significant at P ≤ 0.05 level of significance, 

GY=grain yield, DA=days to anthesis, DS=days to silking, MD=days to maturity, PH=plant height, EH=ear height, RPE=number of 

rows per ear, KPR=number of kernels per row, EL=ear length, ED=ear diameter, EPP=ear per plant, TKW=thousand kernel weight. 

 

Principal component analysis (PCA) 

The principal component analysis, eigenvalue, 

Variance contribution and Cumulative variance of the 

studied quality protein maize traits are presented in 

Table-4. The analysis of variance for 36 inbred lines 

and four commercial checks of maize for twelve 

quantitative traits displayed significant differences 

between the inbred lines for the traits considered 
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indicating an existence of considerable expanse of 

genetic variability in the investigated material. Principal 

component analysis is an important breeding instrument 

commonly used by breeders to identify traits that could 

be used to select crop genotypes. Analysis of variability 

among traits contributing to yield would be of great 

importance in planning a successful breeding program 

(Johnson, 2012). The genetic diversity in 36 advance 

quality protein maize inbred line including four checks 

were observed for grain yield and yield related 

component traits for the selection of high yielding of 

quality protein maize genotypes for further breeding 

programs. 

 

The twelve components which had eigen 

values equal to or greater than one was engaged as 

meaningful interpretation (Table-4). The principal 

component analysis indicated that the first principal 

component (PC1) had an eigenvalue of 6.16 and reflects 

4.60 of the total difference. The PC7 showed high 

weights in ear per plant (EPP) and probably reflecting 

yield. The second and fifth principal component (PC2 

and PC5) kernel rows per ear (KRPE) had the largest 

weight, thus reflecting yield. The tenth and the second 

principal component (PC10 and PC2) showed high 

value on yield per hectare (t/ha). Eighth principal 

component (PC8) had a weighted high value of plant 

height (PH); this is probably reflecting the plant 

structure. Furthermore, the twelfth principal component 

(PC12) recorded the highest value on Days to silking 

(DS), thus reflecting silking development.  

 

The first principal component explained 51% 

of the total phenotypic variation proportions and 

cumulative variance with the main contribution from 

twelve traits. Principal component two accounted for 

64% of the total cumulative variance with traits 

including days to silking, days to anthesis, days to 

maturity, ear height and number of kernels per ear 

contributing the most to this component. Similarly, 

reported the important contribution of the first PCs in 

the total variability while studying various traits. 

Principal component analysis usually used in plant 

sciences for the reduction of variables and grouping of 

maize genotypes (Mujaju et al., 2008; Ali et al., 2011). 

Several authors reported first principal component (PC) 

scores as contribution traits for the clustering process 

(Mujaju et al.,2008; Solomon, 2021). Maruthi and Rani 

(2015) observed the principal component analysis 

revealed that in major vector-I, the important characters 

responsible for genetic divergence in the major axis of 

differentiation were grain yield, plant height, ear height, 

ear length, kernel rows/ear, kernels/row and 100 kernel 

weights. On other hand, Patel et al., 2020 reported the 

principal component analysis identified six principal 

components (PCs) with Eigen value greater than one 

and accounted for 76.25 per cent of the overall 

variability among the maize genotypes. And observed 

the contribution of PC1 was found to be 25.99 per cent 

in the total divergence of the studied population, in 

which the major contributing traits were ear height, 

plant height, grain weight per plant, ear diameter and 

ear length. Mounika et al. (2018) observed the PCA 

identified four principal components (PCs) with Eigen 

value greater than 1.00 and accounted for 80.35 per cent 

of total variation. 

 
Table-4: Eigenvalue analysis, Eigen Vectors, and Contribution of variables in total variability (PC1 to PC12) of maize 

genotypes. 

Eigenvectors 

Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 

GY 0.35 0.05 -0.14 0.11 -0.21 -0.10 0.16 -0.05 0.24 0.81 0.21 0.02 

DA -0.32 0.36 0.18 0.28 0.01 0.28 0.26 -0.03 -0.02 0.09 0.10 -0.70 

DS -0.32 0.35 0.18 0.27 0.02 0.26 0.27 -0.10 -0.01 0.05 0.10 0.71 

MD 0.07 0.49 0.22 -0.70 -0.46 0.01 0.04 -0.01 -0.04 -0.03 -0.06 0.00 

PH 0.34 0.24 0.02 0.22 -0.13 -0.02 -0.28 0.14 -0.10 -0.32 0.74 0.00 

EH 0.24 0.49 0.05 0.37 0.04 -0.10 -0.52 -0.06 0.04 0.05 -0.53 0.01 

NRPE -0.09 0.41 -0.77 -0.20 0.38 0.02 0.08 0.20 0.05 -0.02 0.04 0.00 

NKPR 0.34 -0.09 -0.06 0.02 -0.03 0.52 0.09 0.29 -0.68 0.14 -0.18 0.03 

EL 0.32 -0.07 0.05 -0.12 0.14 0.67 -0.05 -0.07 0.61 -0.16 -0.04 -0.01 

ED 0.33 0.09 0.01 -0.09 0.34 -0.08 0.22 -0.79 -0.27 -0.08 0.06 -0.05 

EPP 0.31 0.03 -0.18 0.30 -0.36 -0.19 0.59 0.10 0.14 -0.41 -0.25 -0.01 

TKW 0.25 0.12 0.49 -0.11 0.56 -0.27 0.26 0.45 0.07 0.05 0.00 0.01 

Eigenvalue 6.16 1.56 0.92 0.82 0.70 0.49 0.46 0.29 0.24 0.19 0.15 0.02 

Difference 4.60 0.64 0.10 0.12 0.21 0.03 0.18 0.04 0.05 0.04 0.13   

Proportion 0.51 0.13 0.08 0.07 0.06 0.04 0.04 0.02 0.02 0.02 0.01 0.00 

Cumulative 0.51 0.64 0.72 0.79 0.85 0.89 0.93 0.95 0.97 0.99 1.00 1.00 

 

SUMMARY AND CONCLUSION 
For all of the variables evaluated in this study, 

there were highly significant (P0.01) differences 

between genotypes, indicating that there are plenty of 

genetic variations between genotypes. The disparity in 

magnitude of phenotypic and genotypic variation 

among all eleven characteristics suggested that the 

environment played a role in character expression. As a 

result, the huge amount of variation is owing to a 

variety of material sources as well as environmental 
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effects, which predominately influenced the phenotypic. 

The average grain yield was 9.81 to 5 tons per hectare. 

The number of kernels each row varied from 44.73 to 

34.53, with an average value of 34.7. The environment 

has a significant impact on the quantitative and 

qualitative characteristics of quality protein maize. 

Genetic qualities including genotypic coefficient of 

variation (GCV), heritability, phenotypic coefficient of 

variation (PCV), and genetic progress can be used to 

measure hereditary and non-heritable variation in this 

effect. Grain yield was shown to have a high GCV and 

PCA in this investigation (20.37). 

 

Grain yield showed a wide range of PCV and 

GCV, demonstrating that this feature is genetically 

controlled and highlighting the relevance of this trait in 

the evolution and selection of inbred lines of quality 

protein maize. Heritability values were found to be high 

for several of the qualities investigated, but genetic 

progress was found to be low to moderate, indicating 

that non-additive gene activity was influencing the 

manifestations of these features. As a result, selection is 

recommended to be put on hold because to future 

segregating generations. On the other hand, in this 

study, the estimated genetic advance as a percent of 

mean (GAM) for grain production, kernels per row, and 

ear per plant was quite high (>20 percent). Plant height, 

ear height, and ear diameter have moderate GAM 

values (10-20%). Low GAM values (less than 10%) 

were detected in agronomic variables such as days to 

50% anthesis, days to 50% silking, days to maturity, 

number of rows per ear, and ear length. Days until 

anthesis, silking, maturity, plant height, ear height, 

number of rows per ear, kernel per row, ear length, ear 

diameter, ear per plant, and thousand kernel weights 

were all shown to have extremely significant genotypic 

and phenotypic associations with grain yield in this 

study. These qualities had a positive direct and indirect 

influence on the other attributes as well. As a result, 

these features might be used as major selection criteria 

in maize breeding programs to boost grain output. 

 

For most characteristics, larger genotypic 

correlation values were detected than their 

corresponding phenotypic correlation, indicating that 

the clearly observable linkages may be mostly owing to 

intrinsic trait relationships and a low modifying 

influence of environment on trait association. As a 

result, a substantial and positive association between 

grain yield and other qualities has been established, 

providing a dependable and important chance to 

increase grain yield and yield-related traits at the same 

time. The first principle component (PC1) has an 

eigenvalue of 6.16 and represents 4.60 of the overall 

difference, according to the principal component 

analysis. Grain yield and other yield-related variables 

that may impact productivity of grain yield and quality 

factors can be used to choose promising quality protein 

maize genotypes. As a conclusion, in future quality 

protein maize breeding efforts, special attention and 

emphasis should be given to yield and quality 

attributing characteristics in order to increase yield and 

quality attributes. Further investigation of these and 

other genotypes at several locations and across time is 

recommended to confirm the positive outcomes found 

in this study and to get more valuable and reliable 

results. Finally, it is possible that the information 

gathered during this analysis will be invaluable to 

researchers working to develop high-yielding, high-

quality protein maize types. 
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