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Estimation of Some Genetic Parameters of Different Genotypes
of Maize Crop (Zea mays L.) under the Influence of Phosphate
Fertilization
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ABSTRACT

Background: Maize crop is an important field crop, but its productivity is affected by the genetic factor (Genotypes) and the
differences between them and their response to phosphate fertilization levels. Adding phosphate fertilizer contributes to improving
growth efficiency and production, which necessitates conducting a genetic evaluation of Maize Genotypes under phosphate
fertilization conditions.

Methods: Field experiment was carried out in the fall of 2023 in the Shatt Al-Arab district (Al-Hawta) in the east of Basrah
Governorate in soil with a clay texture , in order to estimate certain genetic traits of maize crop genotypes (Rezer, Jemeson, Bohoth-106
and Baghdad-3) and their response to phosphate fertilizer (0, 120 and 240) kg P ha?, The treatments were applied in accordance
with factorial type in three replications by randomized complete block design (RCBD). The different genotypes were randomly
distributed within each block and agriculture was carried out on 20/8/2023.

Result: The analysis of genetic, environmental and phenotypic variances in grain yield were 0.132642, 0.00163 and 0.134272,
respectively. The heritability degree was 98.78% and the phenotypic and genetic difference coefficients were 7.992387 and
7.943727%, respectively. The results of the hierarchical cluster analysis also displayed the amount of genetic convergence between
the genotypes Bohoth-106 and Baghdad-3 amounted to 216.449, which is the closest genetically between them and that the higher
amount of genetic dimension was between the genotypes Rezer and Baghdad-3 amounted to 4282.256 and between the genotypes
Rezer and Jemeson amounted to 1025.178, which can be used in hybridization to highlight the strength of the hybrid. While the
genetic-distance between the genotype Jemeson and Bohoth-106 were 363.817, the genetic stability analysis showed that the
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genotype Baghdad-3 (G4) is the ideal genotype due to its high yield and genetic stability.
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INTRODUCTION

The maize (Zea mays L.) is considered as main cereal
crop as this crop comes next to the rice and wheat in terms
of economic importance due to its versatility (Aziz and Sattar,
2024; Mauriya et al., 2026). As maize is mostly cultivated
as a grain diet crop, the bread and pastries are made by
combining its flour with spelled wheat. The seed starch is
used for making many type of sweets, Given the importance
of this crop and due to its low productivity in Iraq, it invites
us to seriously search for all possible means to increase
the yield and among the most important means is the
cultivation of genotypes that have high productivity to test
the extent to which these genotypes respond to the
conditions of the study area that achieve high productivity
in quantity and quality (Mahmood et al., 2025), as well as
many agricultural operations, foremost of which is the
adding phosphate nourishment. Alongside the ongoing
supply of novel genotypes, contemporary scientific
techniques are being implemented for the benefit of the
crop, beginning with planting in soil and concluding with
harvesting and among those main agricultural operations
is the implementation of adding varying phosphate fertilizer
levels to reach the ideal amount that contributes towards
increasing production per unit area (Ali et al., 2025). It is
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known that the application of agricultural operations by
correct scientific methods (such as the adoption of
genotypes and different levels of phosphate fertilizer plays
a significant part in raising agricultural production rates
and adding different levels of phosphate fertilizer is one of
the ways that facilitate agricultural operations effectively
and help improve the characteristics of the yield (Sharif
et al.,, 2026). Suitable genotypes cultivation for the area
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and the evaluation of the performance of these genotypes
with the impact of varying phosphate fertilizer concentrations
is an essential act that has to be followed in order to get the
best harvest. Gaining insight into these genotypes’
performance could assist researchers identify their genetic
capabilities, which are reflected in increased productivity
and thus will lead us to choose the appropriate genetic
makeup. Phosphorus is an essential nutrient for plants
because it plays a direct role in most physiological
processes such as photosynthesis, respiration, cell division,
seed formation and regulation of other cellular processes.
It cannot occur inside plant cells (Al-Nuaimi, 1999), therefore,
ensuring adequate levels of phosphorus in plant tissues
will lead to increased root mass activity and increased
branching and plant growth. Phosphorus plays an important
role because it stimulates the action of enzymes and growth
regulators. Building important compounds for plants such
as carbohydrates and proteins (Al-Hamdany and Al-Hadethi,
2017). Due to the lack of studies on estimating some genetic
parameters (Genetic, environmental, phenotypic and
heritability variations in the broad-sense, hierarchical cluster
analysis between the studied genotypes and genetic stability
analysis) in the South Iraq region for maize crop, in addition
to recognize the optimum genotypes and the most
appropriate level of phosphate fertilizer to obtain maximum
growth and harvest of grains, the idea of this research came.

MATERIALS AND METHODS

In the autumn of 2023, a field experiment was conducted in
the Shatt Al-Arab district in the Al-Houta region, east of Basrah
Governorate, Field Crops Department , College of Agriculture,
in soil with a clay texture to estimate some genetic features
of four genotypes of the maize crop (Rezer, Jemeson, Bohoth-
106 and Baghdad-3) and their response to phosphate
fertilizer (0, 120 and 240) kg P ha. Before planting, composite
soil samples were collected from the experimental field and
analyzed to determine their physical and chemical
properties. The results of the soil analysis are presented in
Table (1). The treatments were constructed in accordance
with factorial type in three replications by randomized
complete block design (RCBD), divided land into
experimental units and an area with 3 m x 4 m = 12 m2,
Every unit contains 5 lines with a 3 m distance with 75 cm

distance between lines and between holes was 25 cm,
planting was done on 20/8/2023 for all experimental units.
The irrigation was given as needed, while nitrogen fertilizer
was added as urea fertilizer (46% N) with 240 kg N ha?
(Mohsen, 2007) and was added in two batches, one after
planting and one in the stage of the beginning of male
flowering (Cheyed and EIl- Sahookie, 2011) and potassium
sulfate was applied as a potassium fertilizer (K,O 54%) at
once when planting, while phosphate fertilization was added
according to the study treatments as triple superphosphate
(46% P,0,) and by two batches, the first before planting and
the other earlier flowering, The characteristics were height
(cm), ear length (cm), grains number of ear (grains ear?),
the weight of 500 grains (g) and the grain yield (t ha).

Genetic parameters

Calculation genetic, environmental and phenotypic
variances

Genetic and phenotypic variances are estimated (Walter,
1975) as following:

Msg - Mse
r

c2G =

o’E= Mse
o’P=06°G + 6’E
Whereas,
o?G= Genetic variance.
o’E= Environmental variance.
o?P= Phenotypic variance.
Msg= Mean squares genotypes.
Mse= Mean squares of experimental error.
r= Number of replications.

Degree of heritability: Heritability in the broad sense (h? )

Heritability was estimated as follows (Hanson et al., 1956):

G
g = —p 100

Whereas;
hz(b_s): Heritability in broad sense.
°G= Trait genetic variance.

o?P= Trait phenotypic variance.

Table 1: Some chemical and physical properties of field soil before planting.

Traits Values Units
Degree of soil reaction (pH) 7.31 -
Electrical conductivity (E.C) 7.22 DC-Siemens M*
Organic matter 10.5 gkg?
Iltems prefab Nitrogen 51.41 mg kg Soil
Phosphorus 5.15
Potassium 126
Soil separates Sand 250 g kg'* soil
Silt 300
Clay 450

Texture Clay texture
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Genotypes: Of phenotypic and genetic coefficient of
variation

Vo?P
PCV 9% = = x 100
=
GCV % = ):i’ « 100

PCV (%)= Phenotypic coefficient of variation.
GCV (%)= Genetic coefficient of variation.
02P= Phenotypic variance.

o2g= Genetic variance.

X= Arithmetic mean.

Hierarchical cluster analysis

Hamdalla (2011) states that the agglomerative approach
was used to combine the oat genotypes into sets in order
to simplify the data for the cluster analysis (Sneath and Sokai,
1973; Wiliams, 1976). The analysis is a multi-step procedure
that initiates by the creation of degree of similarity matrix,
which known as matrix proximities and ends with
dendrogram creation. The euclidean distances were
computed using the Un-weighted pair group method
analysis (UPGMA) that is a straightforward technique
(Sneath and Sokai, 1973). Based on the preceding formula,
these values obtained indicate an amount of similarity
between sums rates over matrix proximities that were
created in the primary step with the SPSS version-22
(Punitha et al., 2010).

Distance (x, y) = [Zi (xi - yi)? ]*2

Cluster analysis was used to gather comparable
genotypes in uniform categories. The tool of Hierarchical
Clustering was applied to examine the genotype data and
estimate the level of divergence of gene among genotypes.
In order to classify the genotypes under study into sets for
applications in upcoming breeding programs, the
aforementioned approach was utilized to determine
genetic spacing level between the genotypes’ genes regard
with yield components and seed production.

Genetic stability GGE-biplot analysis

Analysis and graphing using GGE-Biplot software
(Yan and Tanker, 2005). The genotypes were Rezer,
Jemeson, Bohoth-106 and Baghdad-3 (G1, G2, G3 and

G4) respectively and phosphate fertilizer levels were 0, 120,
240 kg P ha' (E1, E2 and E3), respectively.

RESULTS AND DISCUSSION

Genetic, environmental, phenotypic variations, degree
of Heritability in the broad sense and phenotypic and
genetic difference coefficients

The genetic differences of plant height (cm), ear length
(cm), the grains number of ear (grains ear?), weight of
500 grains(g) and the grain yield (t ha') amounted to
38.84433, 0.810733, 350.8133, 4.961333 and 0.132642,
respectively Table (2). The environmental variations of the
studied traits amounted to 1.288, 0.0301, 62.95, 0.041 and
0.00163, respectively. The phenotypic variation of the
studied traits amounted to 40.13233, 0.84033, 413.7633,
5.002333 and 0.134272. Heritability degree amounted to
96.79, 96.42, 84.78, 99.18 and 98.78%, respectively.
This shows that the genetic component is stable, this caused
the overlap of genetic and environmental variation to result
in a rise in the weight of phenotypic variation. The coefficient
of phenotypic difference of the studied traits amounted to
4.659379, 4.802648, 5.01045, 2.264901 and 7.992387%,
respectively and the coefficient of genetic difference was
4.584001, 4.71903, 4.613587, 2.2556 and 7.943727%,
respectively. Ayoob (2019); Anees and Al-Majmai (2020);
AL-Asadiand AL-Abody (2023); Sharif etal. (2024); AL-Asadi
and AL-Abody (2025); Al-Mafarji et al. (2026a) found similar
results.

Hierarchical clustering analysis

In order to identify the groupings of genotypes based on
their convergence or genetic divergence based on how
comparable their responses to environment factors were,
the cluster analysis was carried out by means of the
genotypes’ examined features, because it relies on
calculating spaces that convey the degree of this spacing
and the genotype distribution within sets, based on their
genetic sources and function and based on the values of
genetic convergence between genotypes, the genetic
relationship was found, which links them in groups
(Table 3; Fig 1), which shows the amount of genetic
convergence (distance genetics), which showed cluster

Table 2: Estimation of genetic, environmental and phenotypic variations and heritability degree at the broad sense and coefficients of
phenotypic and genetic variation of the studied traits for maize crop.

Studied traits 0%G o%E o?P h? PCV (%) GCV (%)
Plant height (cm) 38.84433 1.288 40.13233 96.79 4.659379 4.584001
Ear length (cm) 0.810733 0.0301 0.84033 96.42 4.802648 4.71903
Grains number of ear 350.8133 62.95 413.7633 84.78 5.01045 4.613587
(grains ear?)

Weight of 500 grains (g) 4.961333 0.041 5.002333 99.18 2.264901 2.2556

Grain yield (t ha?) 0.132642 0.00163 0.134272 98.78 7.992387 7.943727

0%G: Genetic variance, 02E: Environmental variance, a?P: Phenotypic variance, h?

Coefficient of variation, GCV(%): Genetic coefficient of variation.

6. Heritability (Broad sense), PCV (%): Phenotypic
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analysis between the genotypes Bohoth-106 and
Baghdad-3 amounted to 216.449. They are the closest
genetically between them and may be the reason for this
convergence is their participation in the genetic material,
as it is an indication that the genotypes that are from
different sources are not necessarily genetically divergent.
Also, the reason for the convergence of the two genotypes
Bohoth-106 and Baghdad-3 is that they are the most similar
to genes, which reflects positively on the performance of
the two genetic structures, because they possess some
of the main preferred genes and can be used in later
breeding projects. Therefore, in the case that any of the
two genotypes is lost, it is feasible to swap the other
genotype that is genetically similar to it and prevent
taxation between them and through this analysis it was
found that the highest genetic dimension was between
the genotypes Rezer and Baghdad-3 amounted to
4282.256 and between the genotypes Rezer and Jemeson
amounted to 1025.178. As a result of the difference in its
genetic origin and possession of the two genotypes to
different genes were the reason for the widening of that

distance between the two genotypes, while genetic
distance between Jemeson and Bohoth-106 was
363.817. Because of their considerable genetic distance,
the genotypes Rezer and Baghdad-3 can be used in
breeding and development initiatives, particularly
hybridization and then selection to catch better genetic
makeup in the study area situations and this statistical
technology can be a successful alternative to molecular
technologies in the absence of the latter. By showing the
relationships within the genotypes and making
comparisons easier by illustrating the relationships
between them, the cluster analysis process was effective
in analyzing genetic kinship. It also made it easier to
choose genotypes with elevated genetic kinship or genetic
variation and maintain genetic assets and these results
are consistent with Hamdalla (2011) finding. The effectiveness
of this approach in identifying genetically similarity also
recognized by Azzam and Al-Obaidi (2018); Jumaa and
Madab (2018); AL-Gubouri and Jumaa (2018); Al-Sadoon
et al. (2022); Omar and Al-Layla (2024); AL-Asadi and
AL-Abody (2025); Hasan et al. (2026).

Table 3: The genetic divergence and kinship between four genotypes of maize crop according to cluster analysis.

Squared euclidean distance

Genotypes
1: Rezer 2: Jemeson 3: Bohoth-106 4: Baghdad-3
1: Rezer 0.000 1025.178 2580.394 4282.256
2: Jemeson 1025.178 0.000 363.817 1138.345
3: Bohoth-106 2580.394 363.817 0.000 216.449
4: Baghdad-3 4282.256 1138.345 216.449 0.000
Stage Cluster combined Coefficients
Cluster 2 Cluster 1
1 3 4 216.449
2 2 3 751.081
1 2 2629.276
Dendrogram using Av?rage Linkage (BeMeen Groups)
o s 10 ‘::IUSt‘IeSr r 20 25
Bohoth106 3 L L = L L
Baghdad-3 4

[¥)

Rezer 1

Fig 1: The genetic tree (Dendrogram) four genotypes of the maize crop using cluster analysis of similarity values.
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Genetic stability: Analysis GGE-biplot

Phosphate fertilizer levels (0, 120, 240 kg P ha?)
represented environments E1, E2, E3, sequentially. Fig (2)
that the two environments E2 and E3 had an impact towards
an increase in the rates of yield in contrast to the second
environment E1, which reveals G4 is high-productivity of
grain harvest at one group (first group) The second one
was characterized in the genotype G3 and genotype G2 in
another group while the least genotype is G1 in another
group classified by Fig (2) in the form of concentric circles.
Fig (3) shows the ideal genotypes makeup in the different
environments under study based on the results achieved
from this form, according to the stability of the genotypes in
other environments, notes that the first group had a
high-grain yield, which included G4 genotype is the ultimate
genotype, represented by a concentric circle that
represented genotype in the first group with the highest
stability, while the second group included both the G3
genotype (close to ideal genotype), while remaining
genotypes were present by other groups and outside that
group (outside the three circles), which are the genotypes
G2 and G1. Fig (4) also shows the preferred genotypes for
each environment, as it is noted from the figure that the G4

genotype is the best in the E2 and E3 environments and
the E2 and E3 environments share the stability of each of
the genotypes confined to the polygonal angle, while the
G1 genotype recorded less stability among the genotypes
under study and this is consistent with Fig (2) as it turns
out that the best the genetic structure was the G4 and that
the best environments were the third environment E3, as
shown in Fig (5) the stability of the studied genotypes and
notes that the G4 genotype was the fixed and genetically
stable genotype followed by the G3 genotype which is the
genotype close to stability From the foregoing, it can be
inferred that the GGE-Biplot technology testing of stability
analysis was effective in analyzing the stability in displaying
the associations between the genotypes and locations,
enabling comparison by drawing such connections and
making it easier to choose elevated stability genotypes
and these effects align with Granato et al. (2016); Mousavi
et al. (2019); AL-Abody et al. (2019); Mousavi et al. (2021);
Al-Obaidi and Al-Jubouri (2023); Khan et al. (2023); Daemo
and Ashango (2024) and Al-Mafarji et al. (2026b) they
demonstrated how effective the method is in identifying
genetically stable genotypes and most suitable conditions
for them.
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Fig 2: The relationship between genotypes and the environments.
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Fig 3: The ideal genotypes.
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Fig 5: The stability of the studied genotypes.

CONCLUSION

The genetic, environmental and phenotypic variances in
the characteristic of the grain yield, along with degree of
heritability in the broad-sense and coefficient of phenotypic
and genetic differences were high. Highest genetic-
dimension was observed between the genotypes Rezer
and Baghdad-3, which can be utilized in hybridization to
enhance hybrid strength. By displaying the relationships
between the genotypes, giving comparison by illustrating
the relationships between them and streamlining picking
process for genotypes of higher genetic kinship or genetic
distancing and keeping genetic assets, also cluster
analysis process showed effective genetic kinship
exploring, genetic stability analysis showed that the ideal
genotype was Baghdad-3 (G4), possessing both genetic
stability and high yield and GGE-Biplot analysis of stability
was able for knowing the ideal and genetically-stable
genotypes.
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