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ABSTRACT

This study assessed the genetic diversity and performance of local maize hybrids for yield and associated traits. A total
of 27 hybrids were assessed for twelve traits using a randomized complete block design with two replications at the
Maize Research Station, AARI Faisalabad during the Kharif 2023 season. Analysis of variance revealed significant
differences (p<0.01, p<0.05) among hybrids for all measured traits. The highest cob length (19.85 cm) was recorded in
local hybrid FH-1400. NK-8441 exhibited highest grain length (13.3 mm) and FH-1622 showed highest 100 grain
weight (34.55 g). Grain yield ranged from 114.4 g/ha (FH-1743) to 48.89 quintals/ha (FH-1528), with FH-1743 being
the top-performing hybrid. The correlation analysis revealed significant positive associations between cob length and
grains per row (r = 0.51) and between plant height and ear height (r = 0.64). Principal Component Analysis (PCA)
explained 83.6% of the total variation across six principal components, with the first two PCs accounting for the largest
share (43%). Key contributors to the total variance included cob girth, grain length, and 100-grain weight. This
comprehensive assessment underscores the potential of specific hybrids, such as FH-1743 and FH-1453, for enhancing
yield and related traits in maize breeding programs.

Key-words: PCA, LSD, Pearson Correlation, Kernel related traits

INTRODUCTION

Maize (Zea mays, 2n=20) is an important cereal crop belonging to family Poaceae. It is ranked 3™ most widely
cultivated and consumed cereal after wheat and rice globally hence providing the food and nutritional security to the
world’s poorest regions including Africa, Asia and Latin America (Ogunniyan et al., 2014). According to an
estimate, Maize contributes about 15 to 56% of the total daily protein and calories to diets of the poor people in
many developing countries of Africa and Latin America where the animal protein is scarce and expensive (Prasanna
et al., 2001). Utility of the Maize crop as staple food attributes to its high nutritive value being rich source of starch
(72%), protein (10%), oil (4.8%), fiber (8.5%), sugar (3%) and ash (1.7%) (Mustafa et al., 2014; Singh et al., 2020).
Apart from being the staple food to millions of people in the world, Maize crop holds an important position in the
animal fodder, poultry and industrial sector in the form of its value added products such as oil, starch, ethanol and
textile dyes etc. (Shehzad et al., 2019). Maize is also known as the ‘queen of cereals’ because of its vast genetic
production potential (Magar et al., 2015).

Maize is one of the most widely adapted crop to diverse environmental conditions and the only cereal crop
which is grown in different seasons (Ghani et al., 2020). The crop requires moderate climate loamy soils for better
optimum growth and production (kumar et al., 2017; Rocha et al., 2019). In Pakistan, Maize is cultivated in both
autumn and spring season and preferably chosen by the farmers due to its better grain yield per acre and established
industry for further processing (Jamil et al., 2020). During 2023-24, maize was cultivated on an area of 1.6 Mha and
produced annual yield of 9.8 million tons. The annual maize production in the country was reduced 10.4% compared
to previous year due to the decreased area under the cultivation of the crop (Economic survey of Pakistan 2023-24).
An increased and consistent food supply is required to meet the global food demands of the increasing world
population. Likewise, demand for Maize grain production is predicted to be quadruple by 2025 with major share of
production in the developing countries. Moreover, maize crop development is also affected by the intensifying
global climate (Balbaa et al., 2022). Keeping the current scenario of increasing world population and extreme
climate patterns, it is highly needful to develop maize hybrids giving better yields and resilient to extreme weather
conditions (Mallhi et al.,2025).

Correlation analysis is a statistical method used to measure and analyze the strength and direction of the
relationship between two or more variables (Yousaf et al., 2021). This approach is fundamental in scientific research
as it provides insights into whether and how variables are related, laying the groundwork for understanding
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underlying patterns and potential causal mechanisms (Yousaf et al., 2022). By quantifying relationships through
correlation coefficients, researchers can evaluate the extent to which changes in one variable are associated with
changes in another.

Principal Component Analysis (PCA) is a widely used statistical technique for dimensionality reduction and
data visualization. By transforming original variables into a smaller set of uncorrelated components, PCA simplifies
complex datasets while retaining most of the variance. This is achieved by identifying orthogonal directions known
as principal components that maximize the variance in the data (Aman et al., 2020).

In this study maize hybrids have been evaluated for yield and its related traits using statistical and multivariate
analysis to explore the variation present among them and select for the candidate traits for future breeding programs.

MATERIAL AND METHODS

Experimental Location and Plant Materials:

This experiment was conducted at Maize Research Station, AARI Faisalabad. Plant-plant distance was 15 cm
and row-row distance was 75 cm. Recommended doses of NPK were applied and appropriate plant protection
measures implemented for optimum crop health (Shehzad et al., 2019). The study was conducted in field condition
during Kharif 2023. Twenty seven hybrids viz., FH-1205, FH-1206, FH-1337, FH-1400, FH-1428, FH-1453, FH-
1528, FH-1622, FH-1675, FH-1677, FH-1678, FH-1682, FH-1685, FH-1720, FH-1721, FH-1724, FH-1725, FH-
1731, FH-1740, FH-1743, FH-1744 and FH-1745 and five check hybrids viz., DK6724, FH-1046, FH-988, NK-
8441 and YH-5427 were evaluated in RCBD design with two replications. These hybrids were acquired from
germplasm collection of Maize Research Station, AARI Faisalabad. The fields chosen for the investigation had well-
aerated, clay loamy soil.

Data Collection of Grain Yield and its Related Traits:

For data collection on the studied traits, grain yield (yield) was recorded in quintals per hectare (g/ha) and
calculated using the equation described by Yousaf et al. (2022). Cob length (CL) was measured using a 30 cm rod
while cob girth (CG), grain length (GrL), grain width (Grwd) and grain thickness (GrTh) were measured using
vernier calipers. A weighing balance was used to determine the 100-grain weight (Grwt). Days to 50% silking (DS)
were recorded at the time of anthesis. The number of grains per row (GpR) was counted. Plant (PHt) and ear height
(ErHt) were measured using a long rod. Shelling percentage (Shell) was calculated using the following formula.

Shelling % = ST WeIht 100
g7 Ear weight

Statistical Data Analysis:

The collected data of grain yield and its associated traits were statistically analyzed for analysis of variance
(Steel et al., 1997) with Statistix 8.1 (Analytical Software, Tallahassee, FL, USA). Replicated data were taken to
find Least Significant Differences (LSD) for all pairwise comparison. Principal Component Analysis (PCA) was
calculated for data interpretation and presentation. Various libraries of R were used to interpret the data and collage
images of LSD and PCA.

RESULTS

Analysis of variance (ANOVA) and All Pairwise Comparison (LSD):

All the hybrids were found to be significantly different from one another (p<0.01, p<0.05) for all the traits
under study. Traits i.e. cob length, cob girth, grain length, grain width, grain thickness, 100 grain weight, plant
height, shelling % and yield showed high significant differences (p<0.01), while days to 50% silking, grains per
row, ear height showed significant differences (p<0.05).

Maximum cob length (19.85 cm) was observed in the local hybrid FH-1400 while the least (14.5 cm) was
observed in FH-1740. FH-1400 was found at par with the check hybrid FH-1046 for cob length. Highest and lowest
cob girth of 5.05 and 4.1 cm was observed in check hybrid FH-988 and local hybrid FH-1682 respectively. Local
hybrid FH-1400 was found significantly different from the check FH-988 but was found at par with the other check
DK-6724 with the CG of 4.95 cm. Check hybrid NK-8441 displayed highest grain length of 13.3 cm while local
hybrid FH-1685 came last with the least grain length of 9.9 cm. Local hybrid FH-1622 was found significantly
different from the check NK8441 but was found at par with the check FH-988 with GrL of 13.05 ¢cm. Grain
thickness ranged from 5.2 MM (FH-1740) to 3.5 mm (NK-8441) in all the hybrids under study. Local hybrids FH-
1740, FH-1743 and FH-1675 were found at par with each other with higher GrTh. Grain width (GrwWd) ranged from
9.7 mm (FH-1428) TO 7.6 MM (FH-1685) in all the hybrids under study. Local hybrids FH-1428 and FH-1725
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were found at par with each other with highest Grwd. 100 grain weight (Grwt) ranged from 34.55 g (FH-1622) to
23.6 g (FH-1740) in all the hybrids. FH-1622 was found at par with the check hybrid NK-8441 with highest Grwt

(Fig 1).
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Fig. 1. All Pairwise Comparison of Means Of Maize Hybrids For Cob Girth, Cob Length, Grain Length, Grain
Thickness, Grain Width and 100-Grain Weight.

Table 1. ANOVA for Grain Yield and its Related Traits of Maize Hybrids.

Trait Genotypes Error
Cob length (cm) 2.18** 0.002
Cob girth (cm) 0.11** 0.002
Grain length (mm) 1.79** 0.02
Grain width (mm) 0.61** 0.01
Grain thickness (mm) 0.38** 0.006
100-grain weight () 19.28** 0.12
Days to 50% silking 6.59* 5
Grain per row 21.1* 0.79
Plant height (cm) 284.75%* 77.28
Ear height(cm) 108.13* 48.39
Shelling (%) 6.65** 0.46
Yield (quantiles/ha) 5436139** 1128418
DF 26 26

Days to 50% silking (DS) ranged from 64 days (DK-6724) to 57 days (FH-1743) in all the hybrids. Local
hybrid FH-1743 was found to be the earliest maturing candidate and at par with local hybrids FH-1678, FH-1720,
FH-1206, FH-1205, FH-1682, FH-1721, FH-1528 and FH-1428 and check hybrids FH-988anf FH-1046. Ear height
(ErHt) ranged from 73.5 cm (FH-1622) to 42.5 cm (FH-1724). Both FH-1622 and FH-1724 were found to be
significantly different from all the other hybrids for ErHt. Grains per row (GpR) ranged between 47 grains (FH-
1745) to 35 grains (FH-1682) in a row. FH-1745 was found to be significantly superior from all other hybrids with
highest GpR. Plant height (PHt) ranged from 162.5 cm (FH-1453) to 112.5 cm (FH-1685). FH-1453 was found to be
the significantly tallest one among all the hybrids. Shelling percentage (Shell) ranged from 90.3 % (FH-1740) to
81.3 % (FH-1744) among all the hybrids. Both FH-1740 and FH-1744 found to be significantly different from all
other hybrids for shelling percentage. Yield ranged from 114.4 quantile/ha (FH-1743) to 48.89 quantiles/ha (FH-
1528). FH-1743 was the significantly superior from all other hybrids for total grain yield (Fig 2).
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Fig. 2. All Pairwise Comparison of Means Of Maize Hybrids for Days to Silking, Ear Height, Grains per Row, Plant
Height, Shelling Percentage and Yield.

Table 2. Minimum, Maximum, Mean, SD, CV% and LSD Values for Yield and its Related Traits.

Trait Min Max Mean SD CV% LSD

Cob length (cm) 14.55 19.85 18.18 1.04 0.29 0.1
Cob girth (cm) 4.1 5.05 4.67 0.23 1.03 0.09
Grain length (mm) 9.9 13.3 11.9 0.94 1.28 0.31
Grain width (mm) 7.6 9.7 8.66 0.55 1.16 0.2
Grain thickness (mm) 35 5.2 4.36 0.44 1.9 0.17
100-grain weight (g) 23.6 35.05 30.42 3.23 1.18 0.73
Days to silking 56 64 59.01 1.81 3.79 4.59
Grain per row 34 47 41.7 3.25 2.14 1.83
Plant height (cm) 1125 162.5 130.57 12.68 6.56 17.59
Ear height(cm) 42.5 73.5 58.37 7.35 11.92 14.3
Shelling (%) 81.2 90.2 85.63 1.84 0.8 14
Yield (Q/ha) 48.8 114.1 89.61 17.01 11.98 22.06

Correlation analysis

Correlation analysis was performed in order to determine the association between the traits under study.
Significant positive correlation (p < 0.05) was observed between cob length and grains per row (0.51), cob length
and 100-grain weight (0.48), cob girth and grain length (0.66), grain length and 100-grain weight (0.47) and plant
height and ear height (0.64). However, significant negative correlation (p < 0.05) was observed between grains per
row and grain thickness (-0.43) and Shelling percentage and ear height (-0.39). All other correlation remained non-
significant such as yield displayed non-significant positive correlation with the cob length, cob girth, grains per row,
grain length, grain thickness, 100-grain weight and Shelling percentage (Fig 3).

Principal Component Analysis (PCA):

Principal component analysis was used to categorize the yield and its related traits into six main principal
components (PCs) covering 83.6 % of the total variation. The first two principal components or Dim explains the
43% of the total variance. From the scree plot, PC1 turned out to be the most important component explaining
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highest of the variance amongst all components. The scatter plot of the individuals was drawn for the grain yield
considering first two PCs on the x and y- axis respectively. Individuals far from the axis such as FH-1453 and FH-
1428 contributed more towards the variation as compared to the individuals lying near or on the axis such as FH-

1046 and FH-1675 etc.
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Fig. 4. Principal Component Analysis of Twelve Traits for 27 Maize Hybrids.
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The variables PCA plot illustrates the correlation among the variables and their contribution to Dim1 and Dim2.
The arrowheads of GrL, CG, and Y point in the same direction, indicating a positive correlation, while they are
oriented opposite to GrTh. Similarly, PH and EH have arrowheads pointing in the same direction. DS, GrTh, and
GrWad exhibit shorter arrow lengths, suggesting low variability in these traits. Lastly, the PCA biplot integrated both
the individuals and variables in order to explain how the variables influenced the placement of individuals on the
PCA plot and the relationship between them. For instance, plant height turned out to be the most influencing
variable for the placement of FH-1453 on the PCA plot. Likewise yield exhibited the highest variation for the
individual FH-1721 (Fig 4).

DISCUSSION

Characterization and evaluation of maize hybrids based on the variation in their yield and its related traits is the
fundamental objective in maize breeding program (Yousaf et al., 2023). The analysis of variance (ANOVA)
revealed significant differences among the hybrids for grain yield and all associated traits, including cob length, cob
girth, grain length, grain width, grain thickness, 100-grain weight, days to 50% silking, grains per row, plant height,
ear height, and shelling percentage. These significant variations suggest that these traits contribute to yield
differences and can be effectively utilized in breeding programs to enhance maize grain yield (Singh et al., 2020).

Correlation analysis helps to determine the direction and strength of associations between traits. In maize
breeding, traits positively correlated with yield are crucial for developing high-yielding hybrids (Shehzad et al.,
2019). This study identified both positive and negative associations among traits. A significant positive correlation
was found between cob length and grains per row, suggesting that an increase in cob length leads to a higher number
of grains. Cob girth was positively correlated with grain length, indicating that an increase in cob girth can enhance
grain length due to the additional space provided by the increased girth or diameter. These finding are supported by
Yousaf et al., 2022 who found positive relationship and stated that improvement is beneficial for target trait
enhancement. Similarly, grain length was correlated with 100-grain weight, meaning that an increase in grain length
contributes to greater grain weight. Additionally, this research suggests that plant height may enhance ear height.
Conversely, a significant negative correlation was observed between grains per row and grain thickness, indicating
that an increase in grain thickness may reduce the number of grains per row. Finally, total grain yield showed a
positive but non-significant correlation with 100-grain weight, grain length, and cob length. Therefore, improving
these traits may contribute to increased grain yield.

Principal Component Analysis (PCA) is a widely used technique for examining trait relationships and
identifying key contributors to overall variation in plant breeding (Mustafa et al., 2014). In maize breeding, grain
yield is a complex trait influenced by multiple factors, requiring a detailed assessment of variability within breeding
populations. To enhance grain yield effectively, selecting parental lines with substantial genetic diversity is crucial
for breeding high yielding hybrids (Rafique et al., 2020).

The PCA variable plot illustrates the relationships among traits and their contributions to Dim1 and Dim2.
Traits such as GrL, CG and yield point in the same direction, indicating a strong positive correlation, while GrTh is
oriented oppositely, suggesting a negative association. Similarly, PHt and ErHt) are closely aligned, reflecting their
shared influence. Traits like DS, GrTh, and GrWd have shorter arrow lengths, indicating lower variability among
these traits (Yousaf et al., 2021). The arrowheads of GrWt, CL and GpR are also moving in the same direction,
describing their dependence on one another. This implies that GrWt can be improved by enhancing the traits that
move parallel to the target trait (Rafique et al., 2020).

The PCA biplot integrates both genotypes and traits, offering insights into their interrelationships and how
variables influence genotype placement. For instance, plant height was the most influential factor in positioning FH-
1453, whereas FH-1721 exhibited the highest yield variation, distinguishing it from other genotypes. Further
analysis revealed that grain length, cob girth, and grain thickness were the primary contributors to PC1, while grain
width and shelling percentage dominated PC2. This differentiation highlights the complexity of yield determination,
where various traits contribute through distinct pathways. Overall, the PCA biplot serves as a valuable tool for
understanding trait interactions and genotype variability, aiding in the identification of key traits for targeted
breeding strategies.

Summary/Conclusion

It was concluded that ample amount of variability existed among all twelve traits of 27 hybrids, thus, selection
for enhancement of maize grain yield would be proved efficient. Correlation analysis identified positively associated
traits, such as cob length with grains per row, while found negative correlation between grains per row and grain
thickness. Finally, this suggests that selection for grain length, 100 grain weight and cob girth traits can lead to
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genetic gains in grain yield. Additionally, PCA biplots revealed that some genotypes FH-1743 and FH-1453 did
better for grain yield and its components, emphasizing their potential for breeding programs.
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