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Abstract

Maize is one of the important cereals in the world. It is a good source of carbohydrates (70-87%) and protein (6-13%).
To develop a high-yielding variety of any crop, heritability and genetic advance are important selection parameters for
the selection of yield and yield attributes. In this regard, the present investigation was carried out at the Namdeo Umaiji
Agri Tech India Private Limited, Pune, during Kharif, 2022 to study the extent of variability among maize genotypes.
Observations were recorded on 19 polygenic traits and the mean values were subjected to statistical analyses. High
GCV and PCV were recorded for anthesis and silking interval, number of leaves, lodging percentage, number of
kernels per row and grain yield per plant. High heritability accompanied by high genetic advance was noted for anthesis
and silking interval, lodging percentage, grain yield per plant, number of leaves per plant, number of kernels per row,
number of tassel branches, leaf width, days to 50% silking, protein content, leaf length, number of kernel rows per cob,
cob diameter and cob length. It indicates that these traits are governed by additive gene action and selection will be
rewarding for improving these traits in maize.
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Maize (Zea mays L.) is the third most important crop
next to Wheat and Rice. It is mostly cultivated in tropical,
subtropical, and temperate highlands. The indigenous
people of southern Mexico cultivated maize (2n=20) for
the first time about 8000 years ago. It is a C4 crop and is
a member of the Maydae tribe and the Poaceae family.
It is a tall, monoecious, day neutral with a deterministic
growth pattern. The genus Zea comprises of four wild
species namely, Z.luxurians (2n = 20), Z.maxicana
(2n = 20), Z.perennis (2n = 40) and Z. diploperennis
(2n = 20) (Nartam et al., 2015).

Maize has one of the highest yield potential of all cereals,
maize has earned the title “Queen of Cereals.” Maize
is also referred to as a “contingency crop” since it may
be used during any of its growth stage, as tender green
fodder in the early stages, as baby corn in the very early

stages of cob development, as green cob in the slightly
later stages, and as maize grain in the fully developed
stages (Yadav et al., 2014). In 1951, the area under
maize in India was 3.31 million hectares and it has risen
to more than 9.2 million hectares during 2022. The spread
of maize farming in non-traditional regions like Andhra
Pradesh, Karnataka, Maharashtra, and Tamil Nadu is the
primary reason for the increase in area. Over the past 60
years, a variety of breeding techniques, including single
cross hybrids, double cross hybrids, and composite
breeding, have been used to boost maize yield. However,
single cross-hybrids received top focus over the past ten
years, which led to a noticeable increase in maize yield
(Sharma, 2021).

Heritability and genetic advance are two crucial concepts
in the field of genetics and plant breeding, shedding light
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on the inheritance and improvement of traits in crops.
These concepts are indispensable in modern agriculture,
enabling us to make informed decisions regarding crop
breeding and selection (Falconer and Mackay, 1996).
Heritability is a measure of the proportion of phenotypic
variation in a trait that is attributable to genetic factors. It
helps us understand the degree to which genes influence
the expression of a particular trait. Genetic advance is a
measure of the expected improvement in a trait that can
be achieved through selective breeding. It quantifies the
potential gain that can be made by choosing the best-
performing individuals as parents for the next generation
(Hallauer et al., 2010).

Understanding the genetic mechanisms involved in the
inheritance of different quantitative and quality features
is crucial for successful manipulation through breeding
strategies, which would improve yield and quality
indices. Keeping the facts in view the present study
was conducted to understand the tendency of various
variability parameters.

The investigation was conducted during Kharif, 2022 at
Namdeo Umaji Agri Tech India Private Limited in Pune,
India. The experimental site was located at 560 meters
above sea level, between 24 degrees 54’ and 10 degrees
24’ North latitude and 73 degrees 19’ and 75 degrees 10’
East longitude, with hot, semi-arid climate (BSh) and
annual average temperatures ranging from 19 to 33°C.
A total of 10 genetically diverse maize genotypes were
used as parents (Table 1). A total of 45 crosses were
synthesised by crossing the parents in diallel mating
fashion (excluding reciprocals) during Kharif 2021. The
resultant 45 F s were evaluated along with parents and
the standard check Aravali Makka-1, in randomised block
design with three replications, during Kharif, 2022 .

Each entry was planted in five rows each of three meters
long, with a row-to-row spacing of 60 cm and a plant-to-
plant spacing of 20 cm. All the recommended agronomic
practices were followed for crop cultivation.

Table 1. List genotypes and their collection sites

Observations for 19 metric traits viz., leaf length (leaf
attached to the cob) (cm), leaf width (leaf attached to
the cob) (cm), number of tassel branches, number of
leaves above upper cob, plant height (cm), lodging
percentage, cob length (cm), cob diameter (cm), number
of kernel rows per cob, number of kernels per row, 100-
seeds weight (g), grain yield per plant (g), seed moisture
content (%) and protein content (%), were recorded on
five randomly selected competitive plants of each entry in
each replication, while for days to 50 percent tasselling,
days to 50 percent silking, anthesis to silking interval, days
to 75 percent brown husk, days to maturity, and lodging
percent, observations were recorded on the plot basis.
Analysis of variance (ANOVA) for Randomized Block
Design as proposed by Panse and Sukhatme (1967),
heritability in broad sense as proposed by Hanson (1963),
genetic advance as proposed by Allard (1960) and the
genotypic coefficient of variability (GCV), phenotypic
coefficient of variability (PCV) as proposed by Burton and
de Vane (1953), were calculated based on mean data.

The ANOVA revealed significance of mean squares
for all the traits suggesting the existence of sufficient
variability among the genotypes for all the examined traits
(Table 2) .Significant difference was also noted between
parents and hybrids for all the traits studied. This is intune
with the reports of Reddy et al. (2012), Rahman et al.
(2015), Pandey et al. (2017), and Alhessein and Suliman
(2022).

Broad-sense heritability is a measure that quantifies the
proportion of phenotypic variation within a population that
can be attributed to all genetic factors, including additive,
dominant, and epistatic genetic interactions. It provides a
broader view of the genetic contribution to a trait’s variation.
For all the 19 characters, the estimates of heritability
(broad sense) and genetic advance in percent over the
mean were calculated (Table 3). Heritability estimates
varied from 66.80% (days to maturity) to 99.85% (seed
moisture percent). The estimates of heritability in broad
sense were observed to be high for seed moisture percent

S. No. Inbred/ Variety Mode of collection Collection Place
1 HM 10 Agri Asia seed Pvt. Itd Pune
2 Vivek 21 Sayaiji seed LLP Jalna
3 PM-5 (Pratap Makka-5) Tierra seed tech Pvt Itd. Buldhana
4 Vivek Hybrid 15 ProFarm seed Pvt Itd Aurangabad
5 Navjot Killi seed and Fertilizer Ltd Uruli Kanchan
6 PMH-1 Agrovet seed Zambia ltd Nrayan Gao
7 PMH-2 C P seed Pvt Itd Pune
8 HM-8 Signature biotech Pvt Itd Hadapsar
9 Aravali Makka -1 UPL India Ltd Pune
10 PEHM-2 Kaveri seed Pvt Itd Jalna
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Table 2. ANOVA for randomized block design for 19 traits of maize

Source of variation Replications Treatments Error
2 DF 54 DF 108 DF

Leaf length (Leaf attached to cob) (cm) 0.22 188.27** 5.56
Leaf width (Leaf attached to cob) (cm) 0.09 2.59** 0.07
Days to 50% Tassel flowering 5.81 38.84* 4.02
Days to 50% silking 7.8 195.20** 4.86
Days to 75 % dry husk 56.95 101.74** 9.94
Days to maturity 12.93 105.93** 15.06
Anthesis and Silking Interval 0.22 6.69** 0.04
No. of Tassel branches 217 16.52** 0.34
No. of leaves (Above upper cob) 0.03 7.61* 0.07
Plant height (cm) 50.87 517.85* 54.57
Lodging percentage 0.01 23.70** 0.19
Cob length (cm) 0.04 11.68** 0.46
Cob Diameter (cm) 0.00 2.04** 0.07
No. of kernels/row 0.07 98.52** 1.08
No. of kernels row/cob 0.56 12.77* 0.4

Seed Moisture (%) 0.24 959.41** 0.47
100 Seed weight (g) 6.39 29.12** 1.42
Protein content (%) 0.13 4.82** 0.13
Grain yield per plant (g) 78.12 8797.05** 70.13

* **Significant at 5% and 1% probability level respectively.

Table 3. Mean, Range, heritability, genetic advance, GCV and PCV for 19 traits in maize

Characters Mean Min Max Var Var Heritability GA GA% GCV PCV %

(9) (p) (%) mean (%) (%) Contribution
Leaf length (Leaf 60.91 4560 7410 6090 6647 91.63 15639 2526 1281 13.38 6.93
attached to cob) (cm)
Leaf width (Leaf 6.34 4.00 8.10 0.84 0.91 92.17 1.81 28.58 1445 15.06 6.25
attached to cob) (cm)
Days to 50% Tassel 53.38 48.00 63.00 11.61 15.62 74.30 6.05 11.33 6.38 7.40 8.12
flowering
Days to 50% silking 57.45 51.00 70.00 63.45 68.31 92.88 1581 2752 13.86 14.39 7.37
Days to 75 % dry husk  91.60 83.00 104.00 30.60 40.54 75.48 9.90 10.81 6.04 6.95 7.52
Days to maturity 97.98 87.00 110.00 30.29 45.35 66.80 9.27 9.46 5.62 6.87 7.84
Anthesis and Silking 525 3.00 9.00 2.22 2.26 98.29 3.04 57.87 28.34 28.58 4.91
Interval
No. of Tassel branches 15.26 10.50 19.50 5.39 5.73 94.03 4.64 30.39 1521 15.69 6.40
No. of leaves 582 250 9.10 2.51 2.58 97.46 3.23 55642 2725 27.60 4.54
Plant height (cm) 181.87 150.10 204.80 154.43 209.00 73.89 22.00 12.10 6.83 7.95 6.71
Lodging percentage 9.05 550 15.56 7.85 8.00 98.20 5.72 63.24 30.98 31.26 4.13
Cob length (cm) 16.89 13.00 22.10 3.74 4.20 88.96 3.76 2225 1145 1214 4.35
Cob Diameter (cm) 6.13 398 7.80 0.66 0.73 90.24 1.59 2588 1322 13.92 4.72
No. of kernels/row 2586 15.00 38.00 3248 33.56 96.79 1155 4466 22.04 2240 3.62
No. of kernels row/cob  15.35 13.00 24.66 4.12 4.52 91.16 3.99 26.02 1323 13.86 4.31
Seed Moisture (%) 1766 8.75 235 19.65 20.11 99.85 36.80 2045 1026 10.34 3.87
100 Seed weight (g) 29.76 2400 36.40 9.23 10.66 86.64 5.83 19.58 10.21  10.97 4.06
Protein content (%) 9.00 6.56 11.23 1.56 1.69 92.25 2.47 27.48 1389 14.46 1.93
Grain yield per plant ~ 203.39 121.50 325.40 2908.97 2979.10  97.65 109.79 53.98 26.52 26.84 242
(9)
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(99.85%), anthesis and silking interval (98.29%), lodging
percentage (98.20%), grain yield per plant (97.65%),
number of leaves (97.46%), number of kernels per row
(96.79%), number of tassel branches (94.03%), days to
50% silking (92.88%), protein content (92.25%), leaf width
(92.17%), leaf length (91.63%), number of kernels row per
cob (91.16%), cob diameter (90.24%), 100-seeds weight
(86.64%), cob length (88.96%) and days to 75% dry husk
(75.48%). If broad-sense heritability is high, it indicates
that a significant portion of the phenotypic variation is due
to genetic factors. Consequently, selecting individuals
based on their trait values should result in substantial
improvements in the population mean for that trait. Similar
findings were reported by Reddy et al. (2012), Begum et
al. (2016), Pandey et al. (2017), Vishwanath et al. (2018),
Nagalakshmi et al. (2018), Alhessein and Suliman (2022)
and Sahu et al. (2022).

Moderate values of heritability were observed for days to
50% flower tasseling (74.30%), plant height (73.89%) and
days to maturity (66.80%). The low heritability estimates
were not noted for any of the traits under investigation.
Conversely, if broad-sense heritability is low, it suggests
that the genetic component, including non-additive genetic
effects, has a limited impact on the trait’s variation. In such
cases, even if selection is applied, the expected genetic
advance may be smaller because the genetic contribution
to the trait’'s variation is modest. Kara (2001) also noted
low heritability estimates for some traits.

The genetic advance represents the expected
improvement in the mean of a trait within a population
after one generation of selection. The estimates of genetic
advance in percent over mean were determined for all
the characters under estimation. The estimates of genetic
advance in percent over the mean for the characters
ranged from 9.46% (days to maturity) to 63.24% (lodging
percentage). High estimates for genetic advance were
recorded for lodging percentage (63.24%), anthesis and
silking interval (57.87%), number of leaves per plant
(55.42%), grain yield per plant (53.98%), number of
kernels per row (44.66%), leaf length (25.26%), number
of tassel branches (30.39%), leaf width (28.58%), days
to 50% silking (27.52%), protein content (27.48%), cob
diameter (25.88%), cob length (22.25%) and number
of kernel rows per cob (20.45%), respectively. A high
genetic advance indicates the potential for significant and
rapid improvement in a trait through selective breeding.
Similar results were observed by Devi et al. (2015),
Begum et al. (2016), Vishwanath et al. (2018) and
Pradhan et al. (2022) also.

Moderate genetic advance was observed for days to
50% tasselling (11.33%), days to 75% dry husk (10.81%),
plant height (12.10%) and 100-seeds weight (19.58%)
while low amount of genetic advance in percent of mean
was observed only for the trait days to maturity (9.46%). A
moderate or low genetic advance indicates that selective

breeding or selection for a specific trait is likely to result in
slower or more limited improvements in that trait within the
population. Ojo et al. (2006) also reported low heritability
and genetic advance for days to harvest.

The GCV quantifies the relative genetic variability of a
trait within a population of plants due to genetic reasons.
The PCV assesses the total variability of a trait within a
population, including genetic and environmental sources
of variation. The higher values of genotypic coefficient of
variation (GCV) along with phenotypic coefficient (PCV)
were recorded for anthesis and silking interval (28.34%
and 28.58%), number of leaves (27.25% and 27.60%),
lodging percentage (30.98% and 31.26%), number of
kernels per row (22.04% and 22.44%) and grain yield per
plant (26.52% and 26.84%) as presented in Table 2. The
combination of high GCV and high PCV suggests that the
trait has significant genetic diversity and is responsive to
selective breeding. Plant breeders can potentially achieve
substantial improvements in the trait by selecting and
breeding plants with desirable trait values. These findings
were also supported by earlier workers like Rahman et al.
(2015), Bhusal et al. (2017) and Neelima et al. (2020). -

Moderate GCV along with PCV were noted for the traits
leaf length (12.81% and 13.38%), leaf width (14.45%
and 15.06%), days to 50% silking (13.86% and 14.39%),
number of tassel branches (15.21% and 15.69%), cob
length (11.45% and 12.14%), cob diameter (13.22%
and 13.92%), number of kernel rows per cob (13.23%
and 13.86%), seed moisture (10.26% and 10.34%),
100-seeds weight (10.21% and 10.97%) and protein
content (13.89% and 14.86%). Low values of GCV and
PCV suggest that such traits are primarily influenced by
environmental factors. Traits with low GCV and PCV are
often considered stable because they exhibit minimal
variation across different individuals and environments.
This stability can be valuable when consistency in trait
expression is essential. Vishwanath et al. (2018) also
studied moderate PCV and GCV were observed for cob
diameter and cob length in the F, generation. The rest
of the traits like days to 50% tassel flowering, days to
75% dry husk, days to maturity and plant height, showed
low PCV and GCV for these traits. Munawar et al. (2013)
found a low GCV and PCV for number of kernel rows
per ear and the number of kernels per row. Yadesa et
al. (2022) detected low GAM values (less than 10%) in
agronomic variables such as days to 50% anthesis, days
to 50% silking, days to maturity, number of rows per ear,
and ear length.

In conclusion, the high heritability accompanied with high
genetic advance was observed for lodging percentage,
anthesis, and silking interval, number of leaves per plant,
grain yield per plant, number of kernels per row, leaf
length, number of tassel branches, leaf width, days to
50% silking, protein content, cob diameter, cob length and
number of kernel rows per cob which indicated that there
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was additive gene action involved for the expression of
such traits. Phenotypic selection for such traits could be
be highly rewarding.
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