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Abstract

The increasing global demand for maize, coupled with the challenges of climate change, necessitates the improvement
of maize yields. The main objective of this study was to assess genetic variability and heterosis in different types
of maize hybrids; single-cross (SC), double-cross (DC) and three-way cross (TC) to identify promising genotypes
for yield improvement. Conducted at the Hungarian University of Agriculture and Life Sciences (MATE), he study
evaluated 16 genotypes, including parental lines and commercial check hybrids, during the 2022 spring growing season
(May—November). Genetic coefficient of variation (GCV) and heritability estimates were calculated for traits including
plant height, days to 50% flowering, ear length and ear diameter. Results showed low GCV and moderate phenotypic
coefficient of variation (PCV) values for most traits, with the exception of ear weight, which showed high GCV (23.83%,
91.47% and 29.75%) and high PCV (27.85%, 92.18% and 31.33%), indicating substantial genetic variation. Among
the genotypes, the SC hybrid V5 demonstrated the highest positive mid-parent heterosis for ear weight and high-parent
heterosis for ear diameter. In contrast, TC and DC hybrids exhibited the lowest positive mid-parent and high-parent
heterosis for ear length and row number per ear, respectively. Despite these variations, the promising performance of
the TC and DC hybrids highlights their potential for future maize breeding programs, offering valuable opportunities
to enhance maize productivity under changing environmental conditions.
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Introduction Maize is more adaptable to diverse growing
environment than wheat or rice, making it a versatile
and multi-purpose crop (Erenstein et al. 2022). This

adaptability is increasing important given the variability

Maize (Zea mays L.), commonly known as corn, is one of
the most important crops globally, playing a crucial role

in food security and economic stability. As the leading
cereal crop by production value, maize surpasses even rice
and wheat. In 2020, global maize production reached an
impressive 1,163 million mt, contributing over 50% of the
world’s total grain production (FAO 2022). In Hungary,
maize holds significant value as the second most valuable
crop after wheat. With 6.3 million t produced in 2021,
Hungary was the fourth-largest producer in the European
Union, contributing 9.3% to the EU’s total maize yield.
However, in 2022, Hungary’s maize production sharply
declined to 2.8 million t, a 57% drop, largely due to
extreme drought conditions (KSH 2022).

in climate conditions (Koutsika-Sotiriou, 1999).
Nevertheless, producing high-yielding and resistant maize
hybrids is a major agricultural challenge that can have
a significant impact on farmers’ livelihoods and food
security. However, the biggest challenges are increasing or
maintaining production due to various factors, especially
global climate change, coupled with infertility, poor soil
conditions, and a lack of superior varieties that can adapt
to the extreme environments. As global climate change
exacerbates extreme weather events, such as drought, flood
and temperature fluctuations, maize crops face growing
biotic and abiotic stresses that threaten yield and quality.
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According to Salasya et al. (1998), the low grain yield
is caused by various factors, such as biotic stress (viz.,
pests and diseases and a lack of superior varieties) and
abiotic stress (viz., low soil fertility, nutrient deficiency,
and inefficient field management). Accordingly, improved
varieties will be less resilient to these stresses if they have
a narrow genetic background (Magboola et al. 2010),
while a reduction in genetic variability in crops causes
increased vulnerability to diseases and unfavourable
climate changes (Aremu 2012).

For effective breeding program, understanding genetic
variability, heritability and genetic advance is a crucial
step in screening for the presence of novel genetic
resources. Consequently, genetic variability provides a
great opportunity for plant breeders to improve existing
varieties with desirable traits as well as create new
varieties that are preferred by both farmers and breeders
viz. yield potential, early maturity, good shapes, taste,
pest and disease resistance, etc. Plant breeders and
local farmers have taken advantage of natural genetic
variability to increase their yield. The main emphasis in
maize breeding efforts is on characteristics that support
economic objectives while conserving a sufficient degree
of diversity (Hallauer 1972). In numerous studies,
Grzesiak (2001) observed considerable genetic variation
among maize genotypes for several traits, providing a
foundation for further breeding strategies. Similarly, Thsan
et al. (2005) highlighted significant genetic variation in
maize genotypes for morphological traits, underscoring
the importance of these variations in the developing of
improved maize hybrids.

Bocanski et al. (2009) suggested that maize yield
traits are influenced by several genes that interacting
with environmental factors, resulting in a multiplicative
effect on the end product (Zeeshan et al. 2013). These
yield components are inherited with minimal deviations,
making selection based on them more appropriate than
the yield itself (Nagabhushan et al. 2011). Assessing
parental lines’ performance based on yield components
can help select superior parents for better yielding hybrids
(Bocanski et al. 2009). This can be achieved by identifying
the genetic characteristics that control the degree to which
agronomic traits are inherited (Mahiboobsa et al. 2012).
Additionally, utilising genetic variability, together with
accurate physiological trait characterisation and their links
to maize yield and yield components, can increase the
diversity of the maize gene pool (Alake et al. 2008, Al-
Tabbal et al. 2012). While the lack of improved varieties
may not be classified as biotic stress, it limits maize’s
ability to adapt to environmental challenges, thus reducing
yield potential. Enhancing genetic diversity through
the development of superior varieties is essential for
overcoming these challenges and improving productivity
(Messmer et al. 2011; Tena et al. 2016).

Gosh et al. (2014) found that variation (GCV) and
phenotypic coefficient of variation (PCV) are close
for traits less influenced by environment. High GCV,
heritability, and genetics advance indicate effective
selection for these characters, controlled by additive gene
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action. In addition to high heritability and GA values
suggesting a high degree of characteristics being passed
down to the next generation, while a higher magnitude
of variability implies a greater opportunity for future
breeding programs (Wan Rozita et al. 2022).

Heterosis, or hybrid vigour, has led to a noticeable
increase in crop yields, and the exploitation of heterosis
has been used for decades, first introduced by Darwin
(1876). East (1908) and Shull (1908) claimed that hybrid
F, or offspring had greater phenotypic characteristics
than their parents. The phenomenon has subsequently
investigated by Blum 2013, and the effect of increased
grain yields is influenced by genetic components
(Tollenaar et al. 2006), optimal growth conditions
(Tollenaar et al. 2004) and physiological determinants
in response to nitrogen (Hisse et al. 2019).

As breeding programs aim to increase crop yield,
understanding genetic variability and heterosis has gained
increasing important. On the other hand, the success
of crop improvement depends on the chosen breeding
material, variability, and understanding of quantitative
traits related to yield and other factors. Genetic diversity is
crucial for breeding success, as greater diversity increases
heritability and the likelihood of selection success. The
breeding material used contributes significantly to the
overall effectiveness of the programme.

While numerous studies have explored genetic
variability and heterosis in maize, limited comparative
research has focused on how different hybrid types—
specifically single-cross (SC), three-way cross (TC) and
double-cross (DC) hybrids—differ in their expression of
genetic variability and heterotic effects. Most existing
studies emphasise either inbred lines or single hybrid
types, leaving a gap in our understanding of how hybrid
structure influences genetic performance. Addressing
this gap is essential for optimising breeding strategies
and improving maize yield potential under varying
environmental conditions. To fill this gap, we compare
genetic variability and heterosis among SC, TC, and DC
hybrids, aiming to better understand the performance of
these hybrid structures. This comparison will provide
valuable insights for developing more effective breeding
strategies that optimise maize yield potential across
diverse environments.

This research focus on how different maize population
types, with varying levels of genetic diversity, affect
genetic variability and heterosis for yield and yield
components. Specifically, we compare inbred parents,
single-cross hybrids, three-way cross hybrids, and double-
cross hybrids.



Materials and method

The maize seed genotypes used in this study were obtained
from the Centre of Agricultural Research in Martonvasar
and Szeged University. Single-cross, double-cross, and
three-way cross hybrids, as well as their parents and a
commercial check hybrid, were evaluated in the field
during the spring growing season (May-November 2022).
A total of nine parents, four single crosses, one double
cross, and one three-way cross were tested. The commercial
check hybrid was V16 (Table 1). The experiment was
conducted at an experimental plot in G6doll6, Hungary,
between latitudes 47°59°46.46”N and 47°59°50.07”N, and
longitudes 19°36°98.08”E and 19°37°02.81”E. In 2022,
the average maximum temperature was 32.0°C (89.6°F),
and the minimum was 20.0°C (68.0°F), while the total
amount of precipitation was 917.2 mm (36.11 inches),
with an average of 175.2 mm.

The type of soil in the experimental field was sand-
based brown forest soil (Chromic Luvisol), which was
prone to compaction. It had a neutral sand texture with
varying clay content. The humus content was 3.18%,
with sand, silt and clay levels of 10%, 54% and 36%,
respectively, at the top 20 cm layer. Drought had an impact
on the soil. The soil pH was 5.1 (KCI) and 6.2 (H,0),
both of which were slightly acidic. Parents, hybrids,
and the commercial check hybrid were arranged in a
randomised complete block design (RCBD) with three
replicates, each containing 10 plants. Seeds were sown
using a Wintersteiger Plotman maize planter at a density
of 75,000 plants/ha, with 25 cm between plants and 70
cm between rows. The total experimental area, including
buffer spacing, was approximately 0.01 ha. Weeding and
irrigation were carried out as needed, and all treatments
received standard agronomic practices. Data on plant
height (PH), days to 50% flowering (DFF), ear weight
(EW), ear length (EL), ear diameter (ED), number of
rows per ear (RNPE), kernel number/ear (KNPE), and
1000-kernel weight (TKW) were measured to determine
factors affecting yield.

Data analysis for variance components (ANOVA) was
performed as recommended by Steel and Torrie (1980).
Mean comparisons were performed using Duncan’s
Multiple Range Test (DMRT) at the 0.05 probability
level. All statistical analyses were carried out using [IBM
SPSS Statistics version 23. Genotypic variances (c2,),
phenotypic variances (Gzp), phenotypic coefficient of
variability (PCV),genotypic coefficient of variability
(GCV), broad sense heritability (hzb) and genetic advance
(GA) were calculated with the method suggested by Allard
(1960), and Singh and Chaudhury (1985).

Where,

MSG = Mean squares of genotypes, MSE = Mean squares
of error, r = Number of replications, VE = Environmen-

tal variances, (ng) = Genotypic variances, (cszp) =Phe-
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notypic variances, = Grand mean and I = assumes a 5%
(2.06) level of selection intensity. GCV and PCV were
categorised as low (less than 10), moderate (less than
20), and high (greater than 20), as suggested by Burton
(1952). Broad sense heritability (hzb) was expressed as
the ratio of the amount of the genotypic variance (o2 g)
to the phenotypic variance (Gzp). Heritability values were
classified as low (less than 30), moderate (30-60) or high
(greater than 60), as proposed by Johnson, Robinson and
Comstock (1955).

Mid parent and high parent heterosis for each character
was calculated using the following formula:

F1 -MP
Mid parent heterosis (%) = X 100
MP
F1 —HP
High parent heterosis (%)= — X 100
HP

Where,

F, = Mean of the hybrid for a specific trait,

MP = Average mean of the parents for a specific trait
which = (P, + P,)/2,

HP = Mean of the high parent in the cross for a specific
trait, and

P1 and P2 represent the values of specific trait of the

respective parents. The significance of the F1 hybrids

was assessed by using a t-test (Wynne et al., 1970) to

compare the F1 mean to both the mid-parent and high-

parent means as follows:

F1 - MP

3
- X EMS
8

t-test =

F1 - MP

1
- X EMS
2

t-test =
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Table 1. List of maize genotypes used in the study

No Source Entry  Genotypes Description
1 Martonvasar Vi (B1026/17) (SC, F) Parent

2 Martonvasar V2 (TK222/17) TC Hybrid?
3 Martonvasar V3 (TKAPA15/DV) (SC, M) Parent

4 Martonvasar V4 (TK1083/19) (DC, F) Parent

5 Martonvasar V5 (TK623/18) SC Hybrid!
6 Martonvasar V6 (MCS901/19) (TC, F) Parent

7 Martonvasar V7 (TK256/17) DC Hybrid?
8 Szeged University V8 (GK155) Parent

9 Szeged University V9 (GK131) Parent

10 Szeged University V10  (GK154 X155) SC Hybrid!
11 Szeged University Vi1 (Szegedi 521) SC Hybrid!
12 Szeged University V12 (GK154) Parent

13 Szeged University V13 (GK150) Parent

14 Szeged University V14  (GK144) Parent

15 Szeged University V15 (GK144X150) SC Hybrid!
16 Commercial V16 (MV277) Commercial check hybrid

1SC Hybrid= Single cross hybrid; 2TC Hybrid= Triple cross hybrid; 3DC Hybrid= Double cross hybrid

Results and discussion
Variance and mean performance

The mean squares for eight characteristics from the
analysis of variance (ANOVA) are presented in Table 2.
Highly significant variation (P <0.01) among genotypes
was observed for all characteristics contributing to yield
and yield components. This indicates a wide range of
variability for plant height, days to 50% flowering, ear
weight, ear length, ear diameter, number of rows/ear,
number of kernels/ear and 1000-kernel weight, which
can be exploited through selection in future breeding
programs. Similar studies by Magar et al. (2021), Wan
Rozita et al. (2022) and Rasheed et al. (2023) also
revealed significant variation between genotypes for the
characteristics studied, emphasising the importance of
genotype-specific traits.

Table 3 presents a comparison of the mean yield and
yield components. The hybrid V10 exhibited vigorous
plant growth, with a plant height of 121.50 ¢cm, showing
a highly significant difference compared to the lowest
plant height of the parent V8. Plant height is a crucial
characteristic that allows the yield plant to compete
directly with weeds and generally with other factors for
light capture and photosynthetic activity (Abro et al.
2021).

Among the 16 genotypes studied, the SC hybrid of V10
was the earliest to flower, with a mean value of 58.20
days, followed by the parent of V9 of 59.00 days and
the commercial hybrid of V16 at 67.33 days. The parent
of V1 had the longest flowering date, taking 91.53 days
(Table 3). Days to flowering is an essential characteristic
that determines the duration of maturity, which contributes
to the yield in maize. Earliness is particularly desirable
in maize crops, as it assists the plants to avoid biotic and
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abiotic stresses (Khan et al. 2019). Similar findings have
been reported by Muchie and Fentie (2016) and Khan et
al. (2019), who observed significant differences among the
maize genotypes in terms of days to flowering. Additional,
Reddy et al. (1986) noted significant difference between
hybrids and inbred lines. Therefore, for maize breeders,
the earliness characteristic is crucial in selection, as it
allows for a longer grain fill period before harvesting,
ultimately leading to higher yields.

The SC hybrid of V10 exhibited the heaviest ear weight
(105.89 g), followed by the TC hybrid of V2 at 100.0 g
and the commercial hybrid of V16 (MV277) at 98.45 g.
The parent of V12 had the lightest weight at 33.35 g.
Additionally, the SC hybrid of V10 produced the longest
ear length (16.13 cm), the highest rows number/ear (15.07)
and the number of kernels/ear (436.27). In contrast, the
parent of V1 had the shortest ear length (7.67 cm), the
fewest rows number/ear (7.87) and the lowest number
of kernels/ear (74.00). The TC hybrid of V2 (had the
largest ear diameter (4.07 cm), while the parent of V1
had the smallest diameter (2.12 cm). The SC hybrid of
V11 produced the highest 1000-kernel weight (438.87),
while V3 (inbred line) had the lowest (217.00 g) (Table
3).

Ear weight is strongly correlated with grain yield,
which is influenced by genotype and kernel set, but is
also sensitive to environmental conditions, particularly
during tasseling and silking (Cirilo and Andrade 1994).
A higher number of kernel rows/ear positively impacts
both grain weight and yield (Manivanan 1998), and these
characteristics are also positively correlated with ear
weight and kernel number. Khan et al. (2019) observed
highly significant differences among maize genotypes
for yield and its components, while Mojgan and Hamid
(2008) found a positive correlation between grain yield
and its components.
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Table 2: Mean square for plant height, day to 50% flowering, ear weight, ear length, ear diameter, row number/ear, number of
kernels/ear and 1000- kernel weight of different maize parents and hybrids

Characteristics Genotype Rep Error CV (%) Mean

PH (cm) 8011.02%* 1753.48%% 98.49 8.56 84.95
DFF (50%) 1706.80%* 431.00ns 56.51 0.09 75.50
EW (g) 7835.46%* 479.77ns 194.3 0.20 69.75
EL (cm) 84.31** 8.15ns 32 0.14 12.43
ED (cm) 4.89%* 0.05ns 0.16 0.11 3.49
RNPE 59.54%%* 1.61ns 1.47 0.10 12.35
NKPE 135166.00%* 15076.00%* 1089 0.15 215.52
OTKW (g) 49556.30** 35.81ns 804.4 0.09 315.64

df=15 df=2 df =222

* PH, plant height (cm); DFF, days to 50% flowering; EW, ear weight (g); EL, ear length (cm); ED, ear diameter (cm); RNPE, row number/ear;

NKPE, number of kernels/ear; OTKW, 1000-kernel weight (g).

df: Degree of freedom ** =Significant at P <0.01; * = Significant at P <0.05; ns = Not significant

Table 3. Mean performance for plant height, day to 50% flowering, ear weight, ear length, ear diameter, row number/ear, number
of kernels/ear and 1000- kernel weight of different maize parents and hybrids

Genotype PH DFF (50%) EW EL ED RNPE NKPE OTKW
Parent

V1 (B1026/17) 65.07¢  91.532 39.63¢<f 7.67¢  2.128 7.87° 74,000 301.00¢
V3 (TKAPA15/DV) 59.438h 89 400 37.20f 8.108  2.49f 10.53de 113.878h  220.338
V4 (TK1083/19) 98.95¢de 74 53de 60.619  11.43¢f 3 24de 10.07¢ 145208 258.93f
V6 (MCS901/19) 91.73def 67 73¢f 67.61¢d  12.83¢f 3 39be 11.33de 188.80¢f  244.20f
V8 (GK155) 51.80"  84.274be 64.69%0  12.16%f 3 8gab 13.6720 219.00d  368.03P
V9 (GK131) 88.01¢f  59.00f2 59.45d 13.37¢de 3 86ab 14.53ab 262.13¢ 308.83¢de
V12 (GK154) 67.68%  80.00bcd 33.35f 11.53df 2 96ef 11.13de 139.87¢  260.00"
V13 (GK150) 58.51&h  88.00% 60.304 11.26df 3732 13.20b¢ 208.60¢ 344 .30bc
V14 (GK144) 50.54h  89.80? 57.20%  10.57f  3.22¢ 10.53de 126.87¢  253.20f2
Hybrid

V5 (TK623/18) (SC) 101.09¢d 71,134 96.598b  15.87% 4,032 13.872b 329.13%  362.37°
V10 (GK154 X155) (SC)  121.50*  58.208 105878 16.13*  3.90° 15.072 436.27°  342.03b
V11 (Szegedi 521; 100.98¢d 75 gQcde 81.66P¢  13.11¢de 3 7gabe 11.93de 193.20¢F  438.872
GK131XGK150) (SC)

V15 (GK 144X GK150) 84.51f  70.40¢ 81.57°¢  13.38de 3932 142726 272.33¢  305.33de
(80)

V2 (TK222/17) (TC) 115912 69.40¢ 100.46®  14.97%¢ 4072 13.67°% 32567  349.00°
V7 (TK256/17) (DC) 107.03b¢  71.40de 71.32¢d  12.83¢f 3 .350de 12.00¢d 153.47%  339.97bed
V16 (MV277) (CH) 96.465F  67.33¢f8 98.45ab 13 73bed 3 ggabe 13.932b 260.07¢4  353.80P

* PH, plant height (cm); DFF, days to 50% flowering; EW, ear weight (g); EL, ear length (cm); ED, ear diameter (cm); RNPE, row number/ear;

NKPE, number of kernels/ear; OTKW, 1000-kernel weight (g)

Values are presented as mean. Values with different superscript within the same column are significantly different P£ 0.05 based on Duncan’s

Multiple Range Test (DMRT)

Genetic variability

The estimates of genotypic coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), and components
of variance for eight characteristics contributing to
yield components are presented in 7able 4. A notable
difference between genotypic and phenotypic variances
was observed for plant height, days to 50% flowering, ear
weight, number of kernels/ear, and 1000-kernel weight,
suggesting that the phenotypic expression of these traits
is predominantly influenced by environmental factors

(Belay 2018). The characteristics assessed in this study
exhibited varying degrees of variation, with low (less
than 10%), moderate (10 — 20%) and high (greater than
20%) coefficients of variation for both the phenotypic
and genotypic measures. These findings align with those
reported by Magar et al. (2021).

The GCV values ranged from 1.44% for 1000-kernel
weight to 91.47% for ear diameter, while the PCV values
varied from 9.10% for 1000-kernel weight to 92.18% for
ear diameter. For plant height, days to 50% flowering, and
number of kernels/ear, low GCV values (6.12%, 4.20%,
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and 2.98%) were accompanied by moderate PCV values
(13.19%, 10.81%, and 15.59%), respectively. Conversely,
ear length, ear diameter, and row number per ear exhibited
high GCV values (23.83%, 91.47% and 29.75%) along
with high PCV values (27.85%, 92.18% and 31.33%). Ear
weight displayed low GCV (5.25%) but relatively high
PCV (20.66%), whereas 1000-kernel weight showed both
low GCV (1.44%) and low PCV (9.15%).

The observed higher magnitude of PCV compared
to GCV across all characteristics in this study indicates
that environmental factors play a significant, though not
overwhelming, role in the phenotypic expression of these
characteristics. Despite this, the presence of substantial
phenotypic variation suggests that selection for these
traits can still be effective, even at the phenotypic level.
These results are in agreement with prior studies by
Sesay et al. (2016) and Belay (2018), further supporting
the effectiveness of phenotypic selection in crop
improvement.

Heritability (hzb) in broad sense and genetic
advance

The estimates of broad-sense heritability and genetic
advance, expressed in percentages, are presented in
Table 4. Ear length, ear diameter, and row number/ear
exhibited extremely high heritability (>80%). Similar
results were reported by Sasey et al. (2016) for the ear
length. These characteristics demonstrated high genetic
variation and low environmental influence, suggesting that
improvement of these characteristics could be effectively
achieved through phenotypic selection (Belay 2018). High
heritability estimates indicate that the observed variations
are likely to be inherited by offspring, thereby facilitating
the development of high-yielding varieties through the
selection of desirable genotypes and plant material with
favourable traits (Magar et al. 2021). Moderate heritability
estimates (30 — 60%) were observed for plant height
and days to 50% flowering. These findings align with
previous reports by Sesay et al. (2016) and Belay (2018).
In contrast, low heritability estimates (less than 30%)
were found for ear weight, number of kernels/ear, and
1000-kernel weight.

The highest genetic advance was recorded for the
number of kernels (13.23), followed by plant height
(10.71), while ear length (6.10) had the lowest genetic
advance. The genetic advance estimates provide insights
into the type of gene activity involved in expression of
various polygenic characteristics. According to Singh and
Narayan (1993), high genetic advance values indicate
additive gene action, whereas low values are indicative
of non-additive gene action. Additive gene effects govern
characteristics, leading to higher heritability and genetic
advance, whereas non additive gene action may result
in high heritability but poor genetic advance (Mohana
Krishna et al. 2009). Consequently, heritability and genetic
advance are key selection parameters, with the estimation
of genetic advance being particularly informative when
combined with heritability estimates (Johnson et al. 1955).
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Heterosis

Heterosis was observed to be significant for all
characteristics studied, as illustrated in Table 5. Standard
heterosis for plant height ranging from 12.26% — 103.38%
and 14.74% — 134.56% over mid parent and better parent
(Table 5). The maximum positive heterosis was recorded
in the SC hybrid of V15, with 103.38% over the mid
parent and 134.56% over the high parent. Conversely, the
minimum heterosis effect was exhibited for SC hybrid
V11, which displayed a value of 12.26% over the mid
parent and 16.68% over the high parent. These findings are
consistent with previous studies on the heterosis effect of
plant height in maize, including work on three-way cross
hybrids (Igbal et al. 2010; Zaid et al. 2014).

Table 5 also presents the percentage of heterosis
between mid parent and high parent for days to 50%
flowering. The mid parent heterosis values ranged from
-29.14% to 3.13%, while the high parent values ranged
from -30.94% to 28.47%. Notably, the TC hybrid of
V2 exhibited a significant positive mid parent heterosis
of 3.13%, whereas the SC hybrid of V15 demonstrated
a negative mid parent value of -29.14%. The highest
positive high parent heterosis value, 28.47%, was
observed in the TC hybrid of V2, while the lowest negative
high parent heterosis value , -30.94%, was recorded in
the SC hybrid of V15. These findings are consistent with
the study by Geleta and Labushagne (2004), which also
reported superior performance of TC hybrids for this
characteristic.

The percentages of heterosis values for ear weight, ear
length, and ear diameter over the mid parent ranged from
11.25% to 161.23%, 6.46% to 107.45%, and -13.68% to
79.06%, respectively (7able 5 and Table 6). In contrast, the
heterosis values over the high parent ranged from 5.49%
to 143.73, -1.94% to 106.91 and -12.06 to 89.62% or ear
weight, ear length and ear diameter, respectively. The SC
hybrid of V5 demonstrated the highest positive mid parent
and high parent heterosis for ear weights (161.23% and
143.73%), ear lengths (107.45% and 106.91%), and ear
diameters (79.06% and 89.62%), respectively. Conversely,
the lowest mid parent and high parent heterosis values
were observed in the SC hybrid of V11 for ear weight
(11.25% and 5.49%), and in the TC hybrid of V2 for ear
length (6.46% and -1.94) and ear diameter (-13.68% and
12.06%), respectively. The results contradicted those of
Geleta and Labushagne (2004), who found that TC hybrids
outperformed SC and DC hybrids in terms of heterosis for
ear weight, ear length and ear diameter. However, as noted
by Virmani et al. 1982 and Young and Virmani, 1990,
yield heterosis is a variable characteristic influenced not
only by parent combinations but also by environmental
factors.

Table 6 presents the heterosis values for kernel number/
ear and number of kernels/ear. For kernel number/ear,
heterosis ranged from 13.94% to 50.73% over the mid
parent, and from -17.92% to 273.45% over the high
parent. In contrast, heterosis for the number of kernels/
ear varied from -9.60% to 76.27% over the mid parent



and from -18.71% to 344.77% over the high parent. The
SC hybrid of V5 recorded the highest heterosis for row
number/ear, with values of 50.73% over the mid parent
and 76.27% over the high parent. In contrast, the TC
hybrid of V2 exhibited the lowest heterosis for this trait,
with values of -13.94% over the mid parent and -9.60%
over the high parent. For kernel number/ear, the SC
hybrid of V5 again showed the highest heterosis, with
273.45% over the mid parent and 344.77% over the high
parent. On the other hand, the TC hybrid of V2 recorded
a minimum mid-parent heterosis of -17.92%, while the
SC hybrid of V11 (GK131XGK150) showed the lowest
heterosis values for both the mid parent and high parent.

The heterosis values for 1000-kernel weight ranged
from 2.20% to 39.02% over the mid parent and from
-11.32% to 42.92% over the high parent (7able 6). The
highest heterosis over the mid parent was recorded for
the SC hybrid of V5 at 39.02%, while the highest over
the high parent was recorded for the SC hybrid of V10
at 42.92%. Conversely, the lowest heterosis values were
observed in the DC hybrid of V7, with 2.20% over the
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mid parent and -11.32% over the high parent. These
findings align with previous studies by Zaid et al. (2014),
which reported a positive increase in maize crosses for
1000-kernel weight.

The current study found that single cross hybrids
(SC) outperformed three-way cross hybrids (TC) and
double cross hybrids (DC) in terms of yield and yield
components, highlighting varying degrees of heterosis
among the three hybrid types. Additionally, SC hybrids
demonstrated greater uniformity, while DC hybrids
exhibited the highest heterogeneity, particularly when
different genetic backgrounds were used to generate the
hybrids (Geleta and Labuschagne, 2004). However, each
cross-combination was found to excel in specific traits,
emphasising the value of selecting the appropriate hybrid
for particular characteristics.

Table 4. Estimation of genotypic and phenotypic coefficient variation, heritability and genetic advance for plant height, day to 50%
flowering, ear weight, ear length, ear diameter, row number/ear, number of kernels/ear and 1000-kernel weight of different maize

parents and hybrids

Characteristics Mean o2g o2p GCV (%) PCV (%) h2B GA

PH (cm) 84.95 27.11 125.60 6.12 13.19 46.39 10.71
DFF (50%) 75.50 10.06 66.57 42 10.81 38.85 6.53
EW (g) 69.75 13.44 207.74 5.25 20.66 25.41 7.54
EL (cm) 12.43 8.78 11.98 23.83 27.85 85.57 6.10
ED (cm) 3.49 10.19 10.35 91.47 92.18 99.23 6.58
RNPE 12.35 13.50 14.97 29.75 31.33 94.96 7.57
NKPE 215.52 41.37 1130.37 2.98 15.59 19.11 13.23
OTKW (g) 315.64 20.53 824.93 1.44 9.1 14.82 8.77

* PH, plant height (cm); DFF, days to 50% flowering; EW, ear weight (g); EL, ear length (cm); ED, ear diameter (cm); RNPE, row number/ear;

NKPE, number of kernels/ear; OTKW, 1000-kernel weight (g)

Table 5. Mid and high parent heterosis for plant height, day to 50% flowering, ear weight, ear length of different maize hybrids

PH (cm) DFF (50%) EW (g) EL (cm)
Hybrids Mid parent High parent Mid parent High parent Mid parent High parent Mid parent High parent
(%0) (%) (%0) (%) (%0) (%) (%) (%)
VS5 (TK623/18) 62.39%* 55.36%* -21.37%* -22.29%* 161.23%* 143.73%* 107.45%* 106.91**
(8O
VIO (GK154 47.84* 26.36 -12.85 2.47 87.36%* 48.59%* 46.05%* 23.01
X155) (SC)
V11 (Szegedi 521; 12.26 16.68 0.38 5.42 11.25 5.49 8.73 5.42
GK131XGK150)
(SC)
V15 (GK144X 103.38%* 134.56** -29.14** -30.94** 116.01%* 63.69%* 36.18%* 32.65%*
GK150) (SC)
V2 (TK222/17) 37.84%* 14.74 3.13* 28.47 36.38* 35.42%%* 6.46 -1.94
(TO)
V7 (TK256/17) 54.99* 44.44%* -18.14 -20.00%* 38.84* 35.27* 22.583* 18.83
DO

*PH, plant height (cm); DFF, days to 50% flowering; EW, ear weight (g); EL, ear length (cm)

** =Significant at P <0.01; * = Significant at P <0.05
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Table 6. Mid and high parent heterosis for ear diameter, row number/ear, number of kernels/ear and 1000- kernel weight of different

maize hybrids

ED (cm) RNPE NKPE OTKW (g)

Hybrids Mid High Mid High Mid High Mid High
parent parent parent parent parent parent parent parent (%)
(%) (%) (%) (%) (%) (%) (%)

V5 (TK623/18) 79.06%*%  89.62%*  S0.73%F  7627%F  27345%F 34477+ 3902%*  20.39%*

(SO

V10 (GK154 48.00%%  20.41* 4236%%  20.58%%  147.84%%  T249%+  28.03%*  42.02%x

X155) (SC)

V11 (Szegedi 521; 1.6 -0.30 12.15 -8.10 1871 35.14%%  39.20%x

GK131XGK150)

(SC)

V15 (GK144X 14.37% 0.78 2L51%%  10.24%  143.14%%  9921%* 8.9 -7.06

GK150) (SC)

V2 (TK222/17)  -13.68%  -12.06 13.94% 9.6+ -17.92% 7.38 34.39%%  07.47%

(TO)

V7 (TK256/17) 12.77 5.36 20.23% 62.36%*%  30.55% 220 -11.32

(DO)

*ED, ear diameter (cm); RNPE, row number/ear; NKPE, number of kernels/ear; OTKW, 1000-kernel weight (g)

** =Significant at P <0.01; * = Significant at P <0.05

Conclusion

All characteristics exhibited significant differences,
indicating the presence of genetic variability among
the maize genotypes, which can be utilized for yield
improvement. The magnitude of the phenotypic coefficient
of variation (PCV) was larger than the genotypic coefficient
of variation (GCV) for each characteristic examined,
suggesting that environmental factors influenced the
phenotypic expression of these traits. Higher GCV, PCV,
and heritability values were observed for ear length, ear
diameter, and row number/ear, while ear weight showed
low GCV, high PCV and low heritability. The highest
genetic advance was recorded for the number of kernels
and plant height, whereas ear length showed the lowest
genetic advance. The high GCV, PCV, heritability and
genetic advance for several characteristics suggest the
potential for improvement in grain yield.

In contrast to previous studies comparing single crosses
(SC), three-way crosses (TC), and double crosses (DC),
this study found that SC hybrids exhibited significantly
stronger heterosis effects on yield and yield components
than TC and DC hybrids, both over the mid and high
parents. This underscores the potential of SC hybrids for
improving maize productivity. However, the heterogeneity
observed in TC and DC hybrids shows promising potential
and could be leveraged for future breeding programs.
These genetically diverse hybrid groups may help
safeguard populations against biotic and abiotic stresses.
Nevertheless, further extensive investigations are needed
to confirm these findings, considering additional factors—
primarily environmental variables and increasing both the
population size and hybrid combinations in future studies.
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