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Abstract. The selection of the initial material (inbred lines) and the assessment of its combining
ability are key tasks in developing maize hybrids. This study aimed to select the initial material for the
creation of heterotic maize hybrids with enhanced grain quality and yield. The article presented the
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Prof. M.O. Zelensky at the National University of Life and Environmental Sciences of Ukraine (lines:
AK157 and AK159), as well as lines obtained from the National Centre for Plant Genetic Resources
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of Ukraine (lines: HLG1203, VK19, VK32, AE800, AE746, UHK686, UHK37, C0255, FV243, Q170).
Additionally, four tester lines carrying mutant endosperm structure genes were analysed (lines VK13
and VK69 carrying the wx mutant endosperm structure gene, and lines AE801 and AE392 carrying
the ae mutant endosperm structure gene). To assess combining ability, crosses were performed using
the incomplete topcross method, resulting in 24 experimental hybrids. Field trials were conducted in
2020-2021. The article presented the results of an assessment of the obtained hybrid combinations
based on grain quality and yield indicators. The highest protein content during the study years was
recorded in the combination VK13 x CO255; the highest starch content in VK13 x UHK686 and VK69 x
FV243; the highest oil content in AE801 x AE746 and AE801 x VK19; and the highest yield in VK13 x
UHK686 and AE801 x UHK37. The effects of general combining ability, constants, and variances of
specific combining ability were determined for protein, starch, and oil content in the grain, as well
as for yield. The findings indicated that lines VK19, AE800, CO255, FV243, Q170, VK13, and AE801
exhibited increased protein content in the grain; lines VK19, AE746, UHK686, CO255, VK13, and
AE392 showed increased oil content; and lines AK157, UHK37, and AE746 demonstrated superior
yield performance. Based on the results, specific inbred lines are recommended for developing

maize hybrids with improved grain quality characteristics

Keywords: trait source; heterosis; inbred line; hybrid; topcross; quality indicators

INTRODUCTION

The chemical composition of maize grain can
vary significantly depending on growing con-
ditions. High temperatures promote more in-
tensive protein accumulation. Late-maturing
varieties contain more protein in their grain
during dry years compared to years with suffi-
cient moisture. However, the primary role in im-
proving maize grain quality belongs to breeding,
which highlights the relevance of studying the
general and specific combining ability of inbred
lines when creating hybrid maize varieties with
improved grain quality traits. The sharp increase
in market demand for specific types of maize,
such as high-lysine, super-sweet, waxy, and
high-amylose, determines the direction of work
for breeding and genetic institutions to expand
genetic diversity, identify genetic regulation sys-
tems, and identify reliable sources and donors of
these traits, as noted by D. Tymchuk et al. (2020).

According to the evaluation of 140 cross
combinations using a tester scheme with 5 test-
ers and 28 inbred lines, H. Kustanto & F. Hen-
drayana (2023) note that selecting the right
inbred lines as parental forms is a challenge in
maize hybrid development. The chosen inbred
lines should form a hybrid pair with excellent
characteristics, such ashigh yield. In addition to
limited genetic resources, maize hybrid breed-
ing also requires a lot of time. To address this

Plant and Soil Science (15)4

challenge, M. Ali et al. (2019) recommend ana-
lysing and evaluating the combining ability
of inbred lines during their creation, starting
from the third generation of self-pollination.
Combining ability analysis is an invaluable tool
for assessing the compatibility of maize inbred
lines with testers. In the research of M. Alam et
al. (2022), the focus was on determining com-
bining ability for traits related to yield poten-
tial. As a result of the research, they conclud-
ed that combining ability analysis is essential
for determining the interaction of inbred lines
and testers not only in maize but also for all
cross-pollinated crops, as it helps identify pa-
rental forms that can be used to create hybrids
and synthetic populations.

Investigating inbred lines and maize hy-
brids with elevated levels of provitamin A and
resistance to contrasting stresses, O. Oluwase-
un et al. (2022) concluded that both additive and
nonadditive gene actions are important for the
inheritance of grain yield and other quantitative
traits. However, additive gene action predomi-
nated over non-additive gene action. This sup-
ports the assertion that analysing the combin-
ing ability of different maize inbred lines is the
most effective tool for developing programs to
create and compare the performance of hybrids
derived from inbred lines. Information about
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the combining ability of inbred lines in hybrid
combinations is also crucial for the successful
improvement of maize hybrids.

The research of G. Sprague § L. Tatum (1942)
was fundamental to the breeding of heterotic
hybrids, as it was the first to distinguish between
general and specific combining abilities, laying
the groundwork for further methodological ad-
vancements in evaluating initial breeding mate-
rial. General combining ability is defined as the
average performance of a parental form in a hy-
brid combination and is primarily attributed to
the additive effects of genes. Specific combining
ability describes instances where certain hybrid
combinations perform relatively better or worse
than expected based on the average perfor-
mance of the parental forms and is considered
an estimate of non-additive gene action, such as
dominance and epistasis. T. Begna (2021) notes
that combining ability analysis allows for the
identification of parental forms with high gener-
al combining ability (GCA) and hybrid combina-
tions with high specific combining ability (SCA)
for the commercial exploitation of heterosis.

When creating hybrids, it is necessary to
select an appropriate crossing scheme (Dokuki-
na et al.,, 2021). Although several crossing mod-
els are used in plant breeding, they all have
certain advantages and disadvantages. The
most comprehensive and reliable is the dial-
lel cross scheme. However, using this scheme
for analysing a large number of inbred lines is

very timeconsuming. In such cases, W. Moges-
se et al. (2020) recommend using a tester cross
scheme, which evaluates both general and spe-
cific combining ability and is widely used in re-
search. All of the above highlights the need for
the continuous search, creation, and evaluation
of inbred lines with high protein, starch, oil con-
tent, and yield based on combining the ability
to ensure food security and intensify agricul-
tural production. The aim and objectives of this
experiment were to determine the general and
specific combining ability of maize inbred lines
inanincomplete topcross system based on grain
protein, starch, oil content, and yield.

MATERIALS AND METHODS

The study involved 24 experimental maize hy-
brids obtained through the crossing of lines L,
(HLG 1203), L, (AK 157), L, (AK 159), L, (VK 19),
L,(VK32),L,(AE800),L,(AE746),L, (UHK 686), L,
(UHK 37), L, (CO 255), L, (FV 243), and L,, (Q 170)
with testers T, (VK 13) and T, (VK 69) (sources of
the wx endosperm structure gene mutation),
as well as T, (AE 801) and T, (AE 392) (sources of
the ae endosperm structure gene mutation) (Ta-
ble 1). The inbred lines used in the crosses were
developed by the Genetics, Breeding and Seed
Production named after Prof. M.O. Zelensky at
the National University of Life and Environmen-
tal Sciences of Ukraine, as well as lines obtained
from the National Centre for Plant Genetic Re-
sources of Ukraine.

Table 1. Scheme of incomplete topcross hybridisation, 2020-2021
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Field trials were conducted in 2020-2021
on experimental plots of the Genetics, Breed-
ing and Seed Production named after Prof.
M.O. Zelensky at the NULES of Ukraine, a sep-
arate subdivision of the NULES of Ukraine “Ag-
ronomic Research Station”, located in the Bila
Tserkva District of Kyiv Region, Ukraine. The
soils of the experimental plots were typical,

Precipitation, m

April May June

Precipitation,2020

July

Precipitation,2021 =#— Temperature, 2020 <4<+ Temperature, 2021

low-humus chernozems (Ridey et al., 2009).
During the 2020 growing season, which lasted
from 29 April to 10 October, 501 mm of precip-
itation fell. During the 2021 growing season,
which lasted from 12 April to 8 October, 430
mm of precipitation fell (Fig. 1). The groundwa-
ter table was at a depth of 1.5-2 m, so additional
irrigation was not applied.

Temperature, °C

August September October

Figure 1. Average monthly precipitation (mm) and temperature (°C), 2020-2021
Source: developed by the authors based on data from Meteopost (n.d.)

Sowing was carried out at a stable soil tem-
perature of 10-12°C at the sowing depth. The
predecessor in all years of the study was win-
ter soft wheat. Chemical plant protection prod-
ucts, mineral and organic fertilisers were not
used. Weed control was performed using or-
ganotropic methods. Experimental plots were
arranged according to a Randomized Complete
Block Design (RCBD) with three replications.
Plot units: two central rows of the experimental
plot, 7 m long, with a row spacing of 70 cm and
a plant spacing in the row of 17 cm. Phenological
observations, grouping by the magnitude of the
average manifestation of traits, and comparison
with standard samples were performed accord-
ing to the classifier-directory of the species Zea
mays L. (Kyrychenko et al., 2009)

The content of protein, starch, and oil in the
grain was determined using a FOSS Infratec
1241 Grain Analyzer. For this purpose, 5 random
cobs were taken from each experimental plot,
dried in the laboratory, threshed manually, and
cleaned of impurities on sieves. The content of
protein, starch, and oil is indicated in terms of
standard grain moisture (Tkachyk, 2016). The
general (GCA) and specific (SCA) combining
ability of the studied maize inbred lines were
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determined using the method of incomplete
topcrosses (Sych et al, 2004). Statistical data
processing was carried out using Microsoft Ex-
cel 2016 in combination with XLSTAT. The error
of statistical analysis P < 0.05. The research was
conducted following the ethical standards of the
Convention on Biological Diversity (1992) and
the Convention on the Trade in Endangered Spe-
cies of Wild Fauna and Flora (1973).

RESULTS AND DISCUSSION

Results of trials of experimental hybrids in 2020-
2021 showed that the protein content in the
grain varied from 7.99% to 13.57% in 2020 and
from 7.64% to 12.57% in 2021. It was characteris-
tic that the highest protein content in the grain
in the years of the study was in the cross combi-
nation T1xL,, indicating a significant influence
of the genotype on the control of this trait. When
improving the quality of maize grain, it should
be taken into account that its main criteria for
hybrids of different uses vary. X. Yu et al. (2015)
draw attention to the need to identify sources
and donors of traits for improved grain quali-
ty. In particular, J. BeMiller & R. Whistler (2009)
note that for food-grade hybrids, they consid-
er protein content and fatty acid composition
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of oil, while for feed purposes and processing
into bioethanol, protein content, starch content,
and its fractional composition are important.
G. Mingramm et al. (2024) recommend using ge-
netically contrasting parental forms in breeding
programs to obtain high-yielding maize hybrids
with improved grain quality traits.

Significant variability in grain starch con-
tent was observed, both when comparing geno-
types and between years. The range of variation
for this trait in 2020 was from 64.62% (combina-
tion T,xL,) to 73.51% (combination T, xL,);in 2021,
it was from 64.24% (combinations T, x L, and
T,xL,) to 73.80% (combination T,xL,). The ob-
tained data indicate the low suitability of forms
T, and T, for creating maize hybrids with high
starch content. The amplitude of variation in oil
content in the grain of the studied combinations
ranged from 3.61% (combination T,xL,) to 513%

(combination T,xL,) in 2020; from 3.39% (com-
bination T, *L,) to 6.43% (combination T, xL,). It
should be noted that the highest stability was
observed for the trait of oil content in the grain
over the years of the study. The yield of the stud-
ied samples varied significantly among cross
combinations and years of the study. In 2020,
yield ranged from 2.82 t/ha in the combination
T,x L, to 874 t/ha in the combination T, x L in
2021, itranged from 2.99 t/ha in the combination
T,*L, to 878 t/ha in the combination T,x L, (Ta-
ble 2). As noted in previous research by R. Spri-
azhka et al. (2022), a portion of combinations
typically exhibit high values for several traits
simultaneously. Y. Long et al. (2024) obtained
similar results when studying valuable eco-
nomic traits of maize. Based on the research of
L. Shah et al. (2015), such combinations are rec-
ommended for inclusion in breeding programs.

Table 2. Protein, starch, oil content, and yield of experimental maize hybrids, 2020-2021

Grain content, % Yield, t/ha
Combination Protein Starch oil
2020 2021 2020 2021 2020 2021 2020 2021
L, 10.09 9.95 71.58 70.84 4.40 4.39 4.40 5.23
L, 11.21 11.13 64.86 70.34 4.93 5.01 4.01 4.87
L 10.56 10.40 70.67 70.63 4.28 4.32 4.46 5.84
T L, 8.30 7.64 73.51 71.63 5.01 5.13 8.74 6.52
Lo 13.57 12.57 69.17 65.89 4.54 4.40 6.85 6.75
L, 10.46 10.94 67.67 68.99 4.17 4.23 4.72 4.56
L, 8.27 8.39 70.51 68.09 4.78 5.02 5.52 4.22
L 8.60 7.80 72.30 70.42 3.61 3.39 4.97 5.47
T L 8.61 8.46 71.97 69.50 3.85 4.15 5.92 5.46
2 L 9.15 8.79 66.27 68.73 4.57 4.16 5.59 7.18
L, 8.53 8.87 71.26 69.60 3.89 3.77 8.19 6.73
L, 8.39 8.35 70.80 73.80 4.58 4.50 4.39 5.77
L, 9.99 9.74 70.56 64.24 4.18 4.56 4.32 5.75
L 10.21 9.25 69.21 66.79 4.16 3.97 5.53 5.75
T L 8.81 9.32 66.63 72.04 3.83 3.84 5.14 4.42
3 L 11.02 11.51 66.69 64.24 5.13 5.14 2.82 3.18
[ 9.86 9.21 64.62 68.98 4.00 4.34 6.59 8.78
L, 11.62 10.74 67.14 69.60 4.67 4.23 6.27 6.09
L 9.73 10.07 67.68 68.85 5.08 4.99 6.55 5.90
L, 10.51 10.55 65.07 69.13 5.11 6.43 3.31 2.99
T L 10.42 10.72 69.79 65.34 4.30 4.43 3.75 3.72
4 [ 7.99 8.05 66.02 68.76 4.15 4.25 3.91 3.17
L, 10.41 11.19 68.27 67.73 4.80 5.06 4.65 3.70
L, 10.46 9.67 70.37 66.03 4.56 4.24 2.75 3.55

Source: developed by the authors
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The results of the study revealed insignifi-
cant variability in protein and oil content in the
grain over different years of the study. At the
same time, a significant influence of year-to-
year conditions on starch content in the grain
and yield was observed, as evidenced by signif-
icant differences in these indicators in different
years of the study.

Evaluation of the GCA effect of parental ma-
terial based on grain quality and yield is a lead-
ing criterion in breeding work. It is important to
note that combining ability, to some extent, de-
pends on the location of the study and climatic
conditions. S. Vasal (1998) notes that the correct
selection of parental material for creating maize
hybrids is a decisive factor in the effectiveness of

the selection process, which was later confirmed
by A. Karim et al. (2022). In the current study,
positive, significantly significant, and stable GCA
effects over the years for grain protein content
were observed in lines L, L, L, and L, How-
ever, in 3 of the 4 mentioned lines, significant-
ly negative GCA effects were recorded for yield.
For the yield trait, significantly high GCA values
were established forlines L, and L,; however, line
L, was characterised by a significantly negative
GCA effect for grain protein content, indicat-
ing an inverse correlation between these traits
(r=-019in 2020 and r=-0.21in 2021). In lines L,
and L, ,inaddition to high GCA values for protein
content, a significantly positive GCA effect for
oil content in the grain was also noted (Table 3).

Table 3. General combining ability effects of inbred lines
for grain protein, starch, oil content, and yield, 2020-2021

. Protein, % Starch, % 0il, % Yield, t/ha
Inbred line
2020 2021 2020 2021 2020 2021 2020 2021
L, -0.74** -0.66** 1.55 -2.59% 0.04 0.29** -0.22%* -0.25%
L, 0.04 0.29 0.65 1.09 0.30** 0.19* 0.34** 0.33**
L, -0.46* -1.20** 1.77 -0.15 -0.56** -0.82** 0.11 0.38**
L, 0.99** 1.12%* -4.02%** 0.98 0.58** 1.22%* -1.48** -1.30**
L, -1.16** -0.83** 1.82 2.01 -0.60** -0.50** 0.39** -0.29*
L 0.62** 0.84%** 1.25 -0.77 -0.15* -0.12 -1.03** -0.45%*
L, 0.22 0.43* -2.50* -2.27% 0.41** 0.15 -0.93** -0.05
L, -1.72%* -1.88** 0.78 1.44 0.14* 0.19* 1.19** -0.39**
L, -0.67** -0.68** -1.04 0.53 -0.50** -0.44%* 2.25%* 2.52%*
Lo 2.12%* 2.16** -0.26 -1.95 0.23** 0.23** 0.61** -0.01
L, 0.14 -0.18 -0.01 2.94%* 0.18* -0.13 0.19 0.70**
L, 0.59** 0.58** 0.04 -1.25 -0.08 -0.26** -1.40** -1.18**
SEdg‘ 0.17 0.15 1.02 0.99 0.07 0.07 0.10 0.10
LSD, s 0.36 0.31 2.17 2.09 0.14 0.16 0.21 0.22
LSD,,, 0.49 0.43 2.99 2.88 0.19 0.21 0.29 0.30

Note: * and ** indicate significance at 5% and 1% levels, respectively

Source: developed by the authors

Using the tester-cross scheme, M. Mur-
tadha et al. (2018) noted a significant influence
of testers on the formation of grain quality traits.
Analysis of the GCA effect of testers showed that
testers T, and T, had a stable, significantly high
positive effect on grain protein content over the
years. A stable significant trend towards increas-
ing oil content in the grain was found in tester T,
and for yield - in testers T, and T,. It should be
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noted that no trend towards a decrease in any
of the studied traits was recorded for tester T,
which characterises the possibility of its wide
use (Table 4). The effectiveness of breeding pro-
grams depends on the level of genetic variability
inherent in inbred lines, testers, and their com-
bining ability, as indicated in their research by
M. Alam et al. (2024). Since the focus is on lines,
testers, and cross combinations, the identified
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lines, testers, and combinations have a clear
potential for strategic integration into breeding

programs to create high-yielding maize hybrids
with improved quality traits.

Table 4. General combining ability effects of testers
for grain protein, starch, oil content, and yield, 2020-2021

. Protein, % Starch, % 0il, % Yield, t/ha
Inbred line

2020 2021 2020 2021 2020 2021 2020 2021

T, 0.83** 0.72** 0.59 0.96 0.11** 0.08 0.39** 0.40**

T, -1.27** -1.28** 1.53* 1.27* -0.23** -0.33** 0.62** 0.57**

T, 0.39** 0.24** -1.01* -1.11% -0.11** -0.15%** -0.03 0.43**

T, 0.05 0.32** -1.12%* -1.12% 0.23** 0.40** -0.99** -1.40%*
SEng 0.09 0.08 0.53 0.51 0.03 0.04 0.05 0.05
LSD, 0.19 0.16 1.13 1.09 0.07 0.08 0.11 0.11
LSD, ,, 0.26 0.23 1.56 1.51 0.10 0.11 0.15 0.16

Note: * and ** indicate significance at 5% and 1% levels, respectively

Source: developed by the authors

The values of SCA constants for grain pro-
tein content varied from -1.63 (T,xL,) to 1.23
(T,xL,) in 2020, and from -1.01 (T,xL,.) to 112
(T,xL,) in 2021. A characteristic feature of the
studied cross combinations is the relative stabil-
ity of the SCA effect over the years of the study.
Significantly high, positive, and stable SCA ef-
fectswererecordedin crosses T, xL,, T,xL,, T ,xL,
and T, xL,. High values of SCA variances, even
with low or negative GCA values, indicate the

possibility of obtaining individual highly hete-
rozygous combinations involving such parental
forms, as noted by O. Haydash (2016). Analysis of
line variances (¢ ) compared to their mean (x5?,)
indicates that lines L, and L, tend to increase
protein content in the grain. The values of test-
er variances (&) compared to their mean (x5?,)
were inverse over the years of the study, suggest-
ing alowimpact of the testers used on the inher-
itance of grain protein content in maize (Table 5).

Table 5. Constants and variances of specific combining ability for grain protein content, 2020-2021

Combination 2020 2021
Of (e T1 TZ T3 T4 6z$i Tl TZ T3 T4 6z$i
L1 0.41 0.47 0.46 0.60 0.43 0.60
L, -0.65 -0.23 0.54 -0.78 -0.26 0.72
L 0.47 0.42 0.46 0.55 0.48 0.59
L4 -0.48 -0.40 0.46 -0.43 -0.61 0.60
L, 1.17 -0.29 1.52 0.85 0.19 0.80
L, -0.76 -0.12 0.66 -0.88 -0.16 0.84
L 0.34 0.55 0.48 -0.08 1.12 1.31
L, -0.68 -0.21 0.57 -0.92 -0.12 0.91
L, 0.61 0.28 0.51 1.11 -0.07 1.28
L10 0.75 -1.63 3.29 -0.03 -1.01 1.07
L11 -0.34 1.23 1.69 0.08 0.95 0.97
L, -0.83 -0.05 0.76 -0.08 -0.96 0.97
62/ 0.54 0.42 0.42 0.54 0.44 0.49 0.49 0.44
LSD, . 0.37 0.33
LSD, ,, 0.52 0.45
X6, 0.95 0.89
X 62; 0.48 0.47

Source: developed by the authors

Plant and Soil Science (15)4
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Typically, the influence of the general com-
bining ability of parental forms is also reflect-
ed in the specific combining ability for most
traits studied, as noted by M. Matin et al. (2017).
SCA consists of positive and negative values.
H. Kustanto § F. Hendrayana (2023) deter-
mined that the results of the SCA effect anal-
ysis often demonstrate differences between
observed crosses and traits. Inbred lines with
significant positive GCA effects, when forming
significantly positive SCA values, are recom-
mended by D. Gurjar et al. (2022) not only for

the creation of simple interline hybrids but
also for developing new inbred lines through
reciprocal recurrent selection.

A significantly high, positive SCA effect for
grain starch content was established only in the
combination of T, xL, in 2020. In 2021, this com-
bination was also characterised by a positive
value of the SCA constant, but this excess was
not significant. When evaluating the variances
of the studied lines and testers, a stable, positive
manifestation of the trait of increasing starch
content in the grain was not detected (Table 6).

Table 6. Constants and variances of specific combining ability for grain starch content, 2020-2021

Combination 2020 2021
of crosses T, T, T, T, &, T, T, T, T, &,

L, -1.56 1.03 5.78 0.66 -0.82 3.23
L, 1.36 -0.83 4.82 0.03 0.12 2.14
L, 0.01 -0.54 2.57 0.55 -0.71 2.93
L, -0.70 1.22 4.26 -0.36 0.51 2.52
L, -0.36 -0.16 2.44 -2.54 2.38 14.22
L, -0.15 0.68 2.76 1.68 -1.53 7.29
L, -1.74 1.22 6.81 0.98 -1.14 4.37
L, 3.15 -2.63 19.12 0.47 -0.32 2.45
L, 1.79 2231 10.81 -0.96 0.80 3.68
Lo -0.14 0.67 2.75 -1.88 2.04 9.82
L, 0.30 -0.82 3.04 0.83 -0.99 3.80
L, -1.94 2.47 12.14 0.52 -0.36 2.52
&, 1.39 -0.05 -0.05 1.39 -0.30 0.25 0.25 -0.30

LSD, . 2.26 2.19

LSD, ,, 3.12 3.01

X8, 6.44 491

X6 0.67 -0.03

Source: developed by the authors

For grain oil content in experimental maize
hybrids, SCA constants varied from -0.66 to 0.53
in 2020 and from -0.84 to 0.64 in 2021. Stable,
significantly positive SCA effects were recorded
in combinations T, xL,, T,xL, T,xL, T,xL,, and
T,xL, Lines L, and L, were characterised by a
significant and stable influence on grain oil con-
tent, according to variance analysis, with an ex-
cess over the mean of 0.01 and 0.38 in 2020 and
012 and 0.52 in 2021, respectively. Testers T, and
T, were characterised by a stable influence on
grain oil content, in contrast to grain protein and
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starch content, where the influence of testers
was reversed over the years of the study (Table 7).

The highest differentiation of SCA con-
stants over the years of the study was found for
the yield trait, with a variation from -1.56 to 2.06
in 2020 and from -2.43 to 173 in 2021. Howev-
er, combinations T,xL, T,xL,, T,xL, T,xL,, and
T, x L, were characterised by significantly high
and stable positive SCA constants. According to
the results of variance analysis, a significant sta-
ble influence on hybrid yield was observed when
usinglines L, and L, (Table 8).

(=
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Table 7. Constants and variances of specific combining ability for grain oil content, 2020-2021

Combination 2020 2021

of crosses T, T, T, T, &, T, T, T, T, &,

L, 0.53 -0.19 0.32 0.56 -0.08 0.33

L, -0.45 0.11 0.23 -0.38 -0.10 0.17

L, -0.05 0.39 0.16 0.04 0.44 0.21

L, -0.20 -0.14 0.07 -0.79 0.31 0.73

L 0.24 0.10 0.08 0.49 0.00 0.25

L, -0.12 -0.22 0.07 -0.14 -0.35 0.15

L -0.05 0.39 0.17 -0.16 0.64 0.45

L, 0.32 -0.66 0.54 0.36 -0.84 0.85

L, 0.17 0.17 0.07 0.05 0.44 0.20

Lo -0.24 -0.10 0.08 -0.41 -0.07 0.19

L, 0.18 0.16 0.07 0.47 0.02 0.23

L, -0.31 -0.03 0.11 -0.09 -0.40 0.18

&, 0.10 0.07 0.07 0.10 0.21 0.15 0.15 0.21
LSD, 4 0.15 0.16
LSD, ,, 0.20 0.22
X8, 0.16 0.33
X6 0.08 0.18
Source: developed by the authors
Table 8. Constants and variances of specific combining ability for yield, 2020-2021
Combination 2020 2021

of crosses T, T, T, T, &, T, T, T, T, &,

L -0.02 -0.57 0.35 -1.34 0.34 1.92

L, -1.47 2.06 6.42 -0.73 1.73 3.55

L, -0.90 0.31 0.93 -0.71 -0.29 0.61

L, -0.04 0.64 0.43 0.55 0.46 0.53

L -0.23 -0.36 0.21 -0.05 -0.95 0.93

L, -0.04 0.63 0.42 0.67 0.34 0.58

L 0.76 -1.36 2.44 1.43 -2.43 7.96

L, 2.02 -1.43 6.16 1.28 -0.28 1.74

L, 0.18 -0.77 0.65 -1.60 0.60 2.93

Lo 0.71 -0.11 0.54 1.13 -0.13 1.32

L, -1.56 0.97 3.40 -0.73 -0.27 0.63

L, 0.59 0.00 0.37 0.11 0.89 0.83

& 1.40 0.77 0.77 1.40 0.82 1.47 1.47 0.82

LSD, ,, 0.22 0.23
LSD, ,, 0.30 0.31
X8, 1.86 1.96
? 1.09 1.14

Source: developed by the authors

Plant and Soil Science (15)4




Spriazhka et al.

The results of the study demonstrate sig-
nificant differentiation in general and specific
combining ability for grain protein, starch, and
oil content, and yield in the incomplete top-
cross mating system. A similar conclusion was
reached by O. Makarchuk & V. Zhemoida (2009)
in their research. Similarly to grain protein and
starch content, tester variances for the yield
trait were reversed over the years, indicating an
unstable influence of testers on the formation
of these traits.

CONCLUSIONS

Results of testing experimental hybrids re-
vealed a significant impact of genotype on con-
trolling the protein content trait in the grain of
combination T, xL, . The highest starch content
in the grain (over 73%) was recorded in combi-
nation with T, x L, in 2020 and in combination
with T,xL, in 2021. A low suitability of inbred
lines T, and T, for creating maize hybrids with
high starch content was determined. A high oil
content in the grain is characteristic of combi-
nations T, xL, and T, xL,. The highest stability
for this trait was observed across the years of
the study. A yield of over 8 t/ha was recorded
in combination with T, xL, in 2020 and T, x L,
in 2021. When selecting maize hybrids with
improved quality traits and high heterosis, it is
recommended to use parental forms (inbred
lines) with significantly high, stable positive
effects of general and specific combining abil-
ity over the years. The obtained data on GCA
and SCA indicate that the selected samples are

valuable sources of traits for improved grain
quality and yield, specifically for protein con-
tent in the grain: lines L,, L, L,,, L,,, T, and T,
with stable significant high GCA effects;lines L,
and L, - according to SCA variance analysis; for
oil content in the grain: lines L, L, and T, with

stable significant high GCA effects;linesL, L., T,,
and T, - according to SCA variance analysis; for
yield:lines L,, L, with high significant and stable
GCA effects; lines L,, L, - according to SCA var-
iance analysis; for a complex of traits: lines L,,
and L, - with stable significant high GCA effects
for protein and oil content; line L, - according to
SCA variance analysis for oil content and yield.

The exploitation of heterosis provides a
significant increase in the yield of agricultural
crops, which is the basis for global food secu-
rity in the face of the ever-growing world pop-
ulation. In turn, determining the effects of the
general and specific combining ability of maize
inbred lines for a complex of valuable traits, in-
cluding grain protein, starch, oil content, and
yield, is the basis for creating hybrid varieties,
which determines the prospects for further re-
search in this direction.
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KoM6iHauinHa 3aaTHIiCcTb iH6pegHOro Mmatepiany KyKypyasm
npu cenekuii Ha AKiCcTb 3epHa

AHoTauia. Tlinbip BuxigHoro marepiany (iH6pemHux IiHiM) Ta OI[iHKA MOro KOMOGIHALIMHOI
3[aTHOCTI € KJIIOYOBUM 3aBIAHHAM IIPU CTBOPEHHI TibpuIiB KyKypya3u. MeTowo IOCimKeHb 6yB
mig6ip BUXiZHOTO MaTepiany AJig CTBOPEHHS reTEPO3UCHUX Ti6pUIiB KYKYPYA3H 3 MiABULIEHUMU
TIOKa3HVKAaMU SKOCTI 3epHa Ta YPOXKaMHOCTI. YV CTaTTi IIpeACTaBlIeHO pe3yybTaTy IOCTIiIKeHb 8
JIiHIN ceneK1il KadeIpu reHEeTUKY, CesleKIil i HaciHHULTBRA iM. M.O. 3eieHChKOro HallioHanbpHOI0
yHiBepcuTeTy 6iopecypciB i NMpUpomOKOpPHCTYBaHHA YRpainu (minii: AK157 Ta AK159), miHin,
oTpuMaHuX 3 HallioHaJbHOTO LEHTPY TeHEeTUYHUX PeCcypciB pociauH Vpainu (mixii: HLG1203,
VK19, VK32, AES00, AE746, UHK686, UHK37, CO255, FV243, Q170), a TakoX 4 JiHili-TecTepiB
- HOCIiB MyTaHTHUX TeHIB CTPYKRTypu eHmocriepmy (minii VK13 ta VK69 - HOCil MyTaHTHOrO
reHy CTPYKTYpU eHpocriepMy wx Ta JiHil AE801 i AE392 — HoOCil MyTaHTHOTO T'eHy CTPYKTypU
eHzocrepMy ae). [I7i1 BUSHAYeHHS KOMOIHAIINHOI 30aTHOCTI 6yJI0 IIPOBEAEHO CXPellyBaHHA 3a
MEeTO/IOM HEITOBHUX TOIIKPOCIB, 3@ Pe3y/IbTATOM AKUX OTPUMAHO 24 eKCIIEPUMEHTAIbHUX r6pUIH.
[TonpoBi JOCHIIXeHHS NpoBOoLwIn y 2020-2021 porax. Y CTaTTi HaBe[EeHO Pe3yIbTaTU OLLIHKU
OTpHUMaHMX KOMbGIHAIIIN CxpellyBaHb 3a MOKa3HUKAMU IKOCTI 3epHa Ta YPOXKAaMHOCTI. 30KpeMa,
HaMBUILIVY BMICT 6i/IKa B pOKY AOCTiIKeHb 3adikcoBaHO y KoMbiHarlii BK13 x CO255; KpoxMatio - y
RoMbiHalitt BK13 x UHK686 Ta BK69 x FV243; oyii - AES01 x AE746 Ta AE801 x VK19; yposkalHICTbh
- y koMbiHaiti BK13 x UHK686 Ta AE801 x UHK37. BcTaHOBIIEHO epeKTH 3araabHOi KOMbOiHaLIiMHOI
3aTHOCTI, KOHCTaHTH i BapiaHcy crienudiyHoi KOM6iHAIIMHOI 3TaTHOCTI 3a ITOKA3HUKAMU BMICTY
y 3epHi 6i7Ka, KpoxMaJIio, ojIil Ta yposkarHicTio. OTpuMaHi JaHi ceimuaTs, 1o iHii VK19, AESOO,
C0255, FV243, Q170, BK13 Ta AE801 Mau MigBUILIEHUM BMICT 6iika y 3epHi; ninii VK19, AE746,
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UHK686,C0255, BK13 Ta AE392 - migBuIieHni BMicT oJ1il; AK157, UHK37, AE746 6y HAUKpal MU
3a YpOsKaMHICTIO. 3a pe3ynbTaTaMU JOCIiIKeHb peKOMEHI0BaHo iH6peaHi iHii 719 cTBOpeHHS
ri6puiB KyRypya3u 3 MOJIIIIEHUMY IIOKa3HUKaMU SIKOCTi 3epHa

KniouoBi cnoea: [IKepeyio 03HaKW; reTepo3uc; iH6peaHa JIiHig; ribpum; TOMKpPOC; MOKa3HUKU
AKOCTI
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