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Abstract. Maize (Zea mays L.) is a major crop with global importance for food, feed, and
industry. Improving yield through hybrid breeding remains a key objective, and heterosis plays a
central role in achieving superior performance. This study evaluated mid-parent heterosis (MPH)
and best-parent heterosis (BPH) for grain yield in 19 maize hybrids derived from genetically diverse
inbred lines. Field experiments were conducted in 2024 near Cucuruzeni, Orhei district, Republic
of Moldova, under chernozem soil conditions and moderate drought stress. A partial diallel mating
design was used, and trials were arranged in a randomized incomplete block design with two
replications. Yield was measured at harvest, and heterosis was calculated using standard formulas.
Results revealed significant variability, with MPH ranging from 33.7% to 76.3% and BPH from
13.3% to 71.6%. The hybrid 2110 x 2126 showed the highest yield and BPH, while 2132 x 2127
had the highest MPH. The findings confirm the role of non-additive gene effects and highlight
promising parental combinations for future hybrid development.
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INTRODUCTION

Maize (Zea mays L.) holds a position of major importance in global
agriculture, serving as a staple food crop, a key component in animal feed, and a
valuable raw material for numerous industries [1]. As one of the most widely
cultivated cereals worldwide, maize plays a fundamental role in agricultural
systems, rural livelihoods, and agricultural economies in both developed and
developing countries. Its versatility and adaptability across diverse agroecological
zones make it a cornerstone of agricultural production, with critical implications for
food security and sustainable development [2,3].

Maize breeding programs have made significant progress in recent decades,
evolving from traditional selection methods to advanced molecular and genomic
techniques [4,5]. The integration of marker-assisted selection, genomic selection,
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and gene editing technologies has substantially increased the precision and
efficiency of breeding processes [6,7]. These innovations have enabled the
development of maize varieties with enhanced productivity, improved tolerance to
stress, greater nutrient use efficiency, and increased resistance to diseases and pests
[8,9].

Currently, yield improvement in maize is primarily achieved by exploiting
the phenomenon of heterosis, which arises from crosses between genetically
distinct inbred lines, typically from divergent heterotic groups [4]. Heterosis, or
hybrid vigor, refers to the superior performance of hybrids compared to their
parental lines. This superiority can manifest in traits such as vigor, disease
resistance, and yield. The expression of heterosis in Fi hybrids is commonly
assessed relative to the mid-parent value (mid-parent heterosis, MPH) or the best
parent (best-parent heterosis, BPH) [3,4]. These evaluations are labor-intensive and
are conducted continuously at all stages of breeding material assessment.

The genetic basis of heterosis is complex, involving additive, dominance,
and epistatic gene interactions. While the dominance hypothesis attributes heterosis
to the masking of deleterious recessive alleles, the overdominance and epistasis
models suggest that specific allele combinations at individual or interacting loci
contribute to superior hybrid performance [10]. Identifying parental lines that
exhibit strong combining ability is thus critical for maximizing heterotic gains in
breeding pipelines [11].

In this context, evaluating MPH and BPH provides valuable insights into
the potential of new inbred lines to contribute to superior hybrid performance. Such
assessments support the selection of elite parental combinations for further testing
and commercialization. The objective of this study was to evaluate mid-parent and
best-parent heterosis for grain yield in a set of maize hybrids derived from diverse
inbred lines, with the aim of identifying promising crosses for inclusion in future
hybrid development programs.

MATERIALS AND METHODS

The experiments were conducted in 2024 on an experimental field near the
village of Cucuruzeni, Orhei District, at the farm SRL Pleurotis. The area is
characterized by a hilly landscape typical of the central region of the Republic of
Moldova, with soil conditions favorable for agricultural experimentation. The
predominant soil type is chernozem. The research was carried out under climatic
conditions marked by above-average temperatures and a water deficit during the
critical growth stages of the maize crop.

The biological material consisted of 28 maize inbred lines, which were
crossed in a partial diallel mating scheme. Sowing was carried out in two
replications, using an incomplete randomized block design. In this article, we
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present results only for 19 hybrid combinations that exhibited a heterosis effect
exceeding 30%, a threshold commonly used by breeders for assigning lines to
heterotic groups [12].

In the experimental field, standard agronomic practices for maize cultivation
were applied to ensure optimal plant development under controlled conditions. The
evaluation of reproductive heterosis was based on yield analysis at harvest.

MPH and BPH were calculated using standard formulas:

MPH () = = x 100,
BPH () = ——— x 100
where

F1 = hybrid yield, MP = mid-parent mean, and BP = best-parent yield.
All collected data were processed and statistically analyzed using the R
environment [13]

RESULTS AND DISCUSSIONS

The grain yield analysis of the 19 maize hybrids revealed a wide range of
performance across combinations, reflecting both the diversity of the parental lines
and the varying degrees of hybrid vigor. Hybrid yields ranged from 3407.7 kg/ha
to 6134.4 kg/ha, with substantial differences in mid-parent and best-parent heterosis
values (

Tabel 1). This variation highlights the influence of genetic distance and
complementarity between specific parental lines.

The cross between inbred lines 2110 x 2126 recorded the highest hybrid
yield (6134.4 kg/ha) and one of the most significant heterotic responses, with a mid-
parent heterosis (MPH) of 71.8% and best-parent heterosis (BPH) of 71.6%. This
near-equal expression of MPH and BPH suggests not only high hybrid performance
but also strong dominance and potential overdominance effects between these two
lines.

Similarly, the combination 2132x2127 exhibited the highest MPH (76.3%),
though the best-parent heterosis was more moderate at 38.6%. The strong MPH in
this case indicates that the hybrid significantly exceeded the average of its parents,
despite one of them (2127) having a relatively low yield potential. Such hybrids can
be considered promising for exploiting heterosis through complementary gene
action, even when one parent is agronomically weaker.

Several other hybrids displayed consistently high heterotic effects:

2133 x 2126 showed an MPH of 65.0% and a BPH of 55.7%.

2108 x 2112 produced 6055.2 kg/ha with a BPH of 62.2%.

2108 x 2133 achieved a respectable 5344.3 kg/ha and BPH of 46.1%.

These combinations suggest that certain inbred lines — particularly 2108,
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2110, and 2133 — possess good general combining ability (GCA) and may serve
as recurrent parents in future hybrid development.

Conversely, hybrids such as 2135 x 2134 and 2127 x 2128 performed below
expectations, with both relatively low yield and heterosis (BPH of 36.5% and
14.0%, respectively). These cases may reflect poor genetic complementation or
limited dominance interactions, reinforcing the necessity of pre-screening inbred
lines not only for per se performance, but also for combining ability.

Table 1. Grain yield and heterosis values for 19 maize hybrids derived from
selected inbred lines.

Hybrid Female Male | Mid-Parent
';i??g Iil\rfleall(?) Yield, Mean, Mean, Mean, I\él(;’) )H ?;;'
kg/ha kg/ha kg/ha kg/ha
2126 2111 4309.0 3567.4 2880.0 3223.7 33.7 | 20.8
2133 2112 4646.7 3165.1 3732.6 3448.8 347 | 245
2127 2128 3718.4 2249.6 3261.1 2755.3 35.0 | 14.0
2110 2112 4956.4 3574.3 3732.6 3653.5 35.7 | 32.8
2128 2136 4427.1 3261.1 3259.5 3260.3 358 | 35.8
2112 2130 4229.7 3732.6 2490.6 3111.6 359 | 133
2107 2126 4600.3 3174.9 3567.4 3371.2 36.5 | 29.0
2135 2134 3407.7 2337.0 2496.5 2416.8 41.0 | 36.5
2112 2128 4944.1 3732.6 3261.1 3496.9 414 | 325
2107 2111 4284.2 3174.9 2880.0 3027.5 415 | 34.9
2135 2112 4393.2 2337.0 3732.6 3034.8 448 | 17.7
2130 2134 3611.7 2490.6 2496.5 2493.6 44.8 | 447
2110 2132 5524.1 3574.3 3929.1 3751.7 47.2 | 40.6
2131 2128 4229.8 2335.3 3261.1 2798.2 51.2 | 29.7
2108 2133 5344.3 3657.7 3165.1 3411.4 56.7 | 46.1
2108 2112 6055.2 3657.7 3732.6 3695.2 63.9 | 62.2
2133 2126 5555.3 3165.1 3567.4 3366.2 65.0 | 55.7
2110 2126 6134.4 3574.3 3567.4 3570.9 718 | 71.6
2132 2127 5447.2 3929.1 2249.6 3089.3 76.3 | 38.6

Interestingly, crosses involving line 2112 revealed varying outcomes. While
it contributed to high-yielding hybrids (e.g., 2110 x 2112, 4956.4 kg/ha), its
performance also varied depending on the female partner, suggesting a complex
interaction between parental backgrounds and direction of the cross.

The substantial variation observed in hybrid yield and heterotic response
among the 19 maize crosses confirms the complex genetic interactions that
underpin hybrid performance. The results are consistent with previous findings that
heterosis, particularly for yield, is strongly influenced by the genetic divergence
and combining ability of parental lines [4,8].

The top-performing hybrids, such as 2110 x 2126 and 2132 x 2127, which
exhibited over 70% mid-parent heterosis, align with the theory that greater genetic
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diversity between parents can enhance heterotic expression [14]. These crosses
likely benefited from complementary gene action and dominance effects across
multiple loci, as proposed in the dominance and overdominance hypotheses [10].

Overall, the results confirm that high heterosis is not uniformly distributed
across combinations, but rather is contingent on the specific pairing of lines. The
most promising hybrids identified in this study should be considered for advanced
multilocation trials to validate yield stability and adaptability. These findings also
reinforce the role of heterosis as a strategic tool in hybrid maize breeding, especially
when guided by careful parental selection and combining ability testing.

CONCLUSIONS

This study assessed grain yield performance and heterosis expression in 19
maize hybrids derived from genetically diverse inbred lines. The results
demonstrated considerable variability in both mid-parent and best-parent heterosis,
with several hybrid combinations exhibiting strong heterotic responses and superior
yield performance.

The hybrid 2110 x 2126 was the top performer in terms of yield (6134.4
kg/ha) and best-parent heterosis (71.6%), indicating its potential for commercial
cultivation. Similarly, hybrids such as 2132 x 2127, 2133 x 2126, and 2108 x 2112
showed high mid-parent heterosis exceeding 60%, making them promising
candidates for advanced yield trials.
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