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Identifying and determining the genetic components of different traits
facilitate the choice of appropriate breeding and selection strategies for genetic
improvement of grain yield and stress tolerance. Fifteen maize hybrid
genotypes were obtained from crossing among six lines including three
drought tolerant lines (C4-95-2, C4-95-6 and C4-95-23) and three drought
sensitive lines (C5-95-4, C5-95-12 and C6-95-5) and used in the initial
experiments in a randomized complete block design with three replications.
Grain yield and related traits, including number of grains per row, number of
rows per ear, 1000-grain weight, leaf area index, ASI, harvest index, and tassel
length were examined. Hayman’s genetic analysis showed that the parameters
D, H1, and H2 were significant under normal conditions for grain yield,
number of grains per row, tassel length, harvest index, and thousand-grain
weight, highlighting the contribution of both additive and non-additive effects
to the inheritance of these traits. Under water stress conditions, grain yield and
number of numbers of grain rows per ear were significant for the H1 and H2
dominance variance, indicating the role of non-additive effects for these traits
under water stress conditions. The estimates of broad-sense heritability (h?b)
and narrow-sense heritability (h’n) indicated that grain yield, number of grain
rows per ear, and harvest index exhibited values above 70% under both normal
and water-stress conditions. The regression of Wr on Vr for grain yield in both
environments showed the regression line intersecting below the origin on the
Wr axis, suggesting the involvement of over dominant genes. In normal
conditions, lines C4-95-2 and C4-95-6 and under water stress conditions, lines
C4-95-2 and C4-95-23 were the closest lines to the Wr axis, indicating a greater
role of dominant genes in controlling grain yield. Considering the greater
contribution of non-additive effects in the genetic control of important traits,
including grain yield, under water deficit stress conditions, this study suggests
that selection should be carried out in the final generations in order to
genetically improve these traits and identify lines tolerant to water deficit stress.
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Introduction

Maize (Zea mays L.) is one of the world’s most important cereal crops, valued for its high yield
potential and diverse uses. Understanding and estimating the genetic components of key traits
is critical for selecting appropriate breeding strategies to improve grain yield and stress
tolerance. As the first step in developing an efficient breeding program, it is essential to
characterize the genetic basis of trait variation and estimate relevant genetic parameters. Diallel
designs are widely employed for this purpose in breeding studies. Although maize has a high-
water requirement, its cultivation remains important for providing feed, industrial raw
materials, and reducing reliance on imports. Under these conditions, identifying lines tolerant
to water-deficit stress is a priority in breeding programs. Accordingly, this study aimed to
determine the type of gene action, heritability, and other genetic parameters under drought
stress compared to optimal conditions, and to identify parental lines carrying favorable alleles
for these traits.

Materials and Methods

Fifteen hybrid maize genotypes resulting from the crossing among six lines, including three
drought-tolerant lines (C4-95-2, C4-95-6 and C4-95-23) and three drought-sensitive lines (C5-
95-4, C5-95-12 and C6-95-5) along with the six aforementioned parental lines were cultivated
in the 2019 crop year under normal and deficit irrigation conditions in two separate experiments
in arandomized complete block design with three replicationsIn the normal irrigation treatment,
water was applied from planting to harvest after every 90 mm of evaporation from a Class A
pan. In the water-deficit treatment, irrigation was applied normally until 20 days before
flowering, and thereafter until harvest following 130-140 mm of evaporation. The measured
traits included grain yield, number of grains per row, number of rows per ear, thousand-grain
weight, leaf area index, ASI, harvest index, and tassel length. The genetic analysis of the data
was done according to Hayman (1954) graphical model. Statistical analysis of variance of
different traits was performed in a randomized complete block design using SAS9.4 statistical
software. To check the validity of the main assumptions of the diallel, Wr regression on Vr and
F test for the adequacy of the additive-dominance model through Wr-Vr analysis were used.
Then, graphical analysis was performed using Hayman's method and estimation of gene effects
and genetic parameters was performed using Dial98 software.

Results and Discussion

Identifying and determining the genetic components of different traits facilitate the choice of
appropriate breeding and selection strategies for genetic improvement of grain yield and stress
tolerance. Fifteen maize hybrid genotypes were obtained from crossing among six lines
including three drought tolerant lines (C4-95-2, C4-95-6 and C4-95-23) and three drought
sensitive lines (C5-95-4, C5-95-12 and C6-95-5) and used in the initial experiments in a
randomized complete block design with three replications. Grain yield and related traits,
including number of grains per row, number of rows per ear, 1000-grain weight, leaf area index,
ASI, harvest index, and tassel length were examined. Hayman’s genetic analysis showed that
the parameters D, H1, and H2 were significant under normal conditions for grain yield, number
of grains per row, tassel length, harvest index, and thousand-grain weight, highlighting the
contribution of both additive and non-additive effects to the inheritance of these traits. Under
water stress conditions, grain yield and number of numbers of grain rows per ear were
significant for the H1 and H2 dominance variance, indicating the role of non-additive effects
for these traits under water stress conditions. The estimates of broad-sense heritability (h*b) and
narrow-sense heritability (h?n) indicated that grain yield, number of grain rows per ear, and
harvest index exhibited values above 70% under both normal and water-stress conditions. The
regression of Wr on Vr for grain yield in both environments showed the regression line
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intersecting below the origin on the Wr axis, suggesting the involvement of over dominant
genes. In normal conditions, lines C4-95-2 and C4-95-6 and under water stress conditions, lines
C4-95-2 and C4-95-23 were the closest lines to the Wr axis, indicating a greater role of
dominant genes in controlling grain yield. Considering the greater contribution of non-additive
effects in the genetic control of important traits, including grain yield, under water deficit stress
conditions, this study suggests that selection should be carried out in the final generations in
order to genetically improve these traits and identify lines tolerant to water deficit stress.

Conclusion

Overall, the results of this study revealed that under normal conditions both additive and non-
additive effects contributed to grain yield and key traits, whereas under stress conditions non-
additive effects played a stronger role in grain yield and number of rows per ear. Accordingly,
depending on the trait, either selection for desirable characteristics or hybridization can be
effectively employed to achieve genetic improvement.
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Table 1. Mean squares of various maize traits under normal and water-deficit conditions
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Table 2. Analysis of variance of Wr—Vr values for different maize traits to assess the adequacy of the additive—
dominance model under normal and water-deficit conditions
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1000-seed weight (Stress) =5 355562 116342
il Lanls (Normal) Jb 2258 121
Harvest Index (Stress) =5 727.3 307
PECtRR (Normal) Ju 624.7 3366
Length of tassel (Stress) s 522.8 341.7

oo oo slioe n 2leS G5 5 Jlogi Lulyd po o3 iz Slao (S5 sle el )y Y Jsa
Table 3. Genetic parameters of maize traits under normal and water-deficit stress conditions estimated using Hayman’s method
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