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ABSTRACT. Yield trials demand significant
time and resources, necessitating efficient
data collection on parental lines to optimise
breeding programs and reduce costs. This
study assessed the correlation between
parental traits and hybrid performance,
consistency, and predictability of trait
expression in F1 hybrids and the heterotic
advantage of agronomic traits. A total of 82
parental lines (79 lines and 3 testers) and 237
testcrosses were evaluated alongside 3
standard checks under low- and optimum-soil
nitrogen (N) conditions at the Institute for
Agricultural Research experimental fields in
Zaria and Mokwa during the 2019/20 and
2020/21 growing seasons. Significant genetic
variability was observed among parental lines
and testcrosses, offering strategic breeding
opportunities. Grain yield reductions under
low-N conditions (35-95% in inbreds and
1.3-89% in hybrids) highlighted the impact
of N stress and the need for N tolerance in

maize genotypes. Correlation analysis and
repeatability results linked yield
improvement in low-N tolerant maize hybrids
to the selection of parental lines with superior
performance in traits, such as grain yield,
stay-green characteristics, and flowering
traits. Parental lines P69 and P14, which
showed high tolerance to low N and
consistent high yields, were identified as
valuable genetic resources. Among the
hybrids, P65xT2, P66xT3, and P66xT2 stood
out, with grain yields exceeding 6000 kg/ha,
representing a 42% yield advantage over the
best check. These hybrids also demonstrated
a high heterotic advantage over their parents
and standard checks, indicating their potential
for adoption as commercial hybrids in
Nigeria.
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INTRODUCTION

Maize (Zea mays L.) is one of the
most vital cereal crops globally, serving
as a staple food and contributing
significantly to livestock feed and
industrial applications (Bankole et al,
2023). In Nigeria, maize plays a pivotal
role in food security and economic

sustenance, particularly in  Guinea
Savanna, a region marked by unique
climate and ecological conditions

(Kamara et al., 2020). With the demand
for maize rising due to population
growth, shifting dietary preferences, and
increasing industrial needs, improving
maize production in this region is
imperative.

Heterosis, often termed hybrid
vigour, manifests when the offspring of
genetically distinct parents exhibit
superior performance compared to either
(or both) of their parents or a standard
check. Estimating heterosis is important

for plant breeders, providing a
quantifiable measure of genetic gain
achieved through hybridisation

(Akinwale, 2021; Olayiwola et al., 2021).
The determination of heterosis in
reference to a standard check (standard
heterosis, SH) is essential for assessing
the practical benefits of hybrid maize
(Sharief et al., 2009; Mogesse et al.,
2020). SH serves as a reliable benchmark
for evaluating new hybrids, ensuring that
only the most economically superior
varieties reach the market (Abiy et al.,
2019).

Repeatability, a statistical measure
indicating the consistency or
predictability of a trait’s expression
across different environments or years, is
vital for predicting selection success
(Falconer and Mackay, 1996; Dohm,
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2002; Nakagawa and Schielzeth, 2010). It
refers to the proportion of total
phenotypic variation that is due to genetic
factors as opposed to external factors.
Traits with high repeatability tend to
exhibit stable performance over time,
instilling confidence in plant breeders
that observed differences among
individual plants or lines are primarily
due to genetic factors rather than
environmental variations or measurement
error (Sanchéz et al., 2017; Ferreira et al.,
2020). This stability is crucial for
maintaining the quality and performance
of new wvarieties in the long term,

ensuring their sustained success in
agricultural markets.
Moreover, considering the

significant costs associated with hybrid
yield trials, obtaining information about
parental lines that can reliably predict
hybrid performance is paramount. One
effective approach to obtaining such
information is through correlation
analysis using statistical functions, such
as Pearson, Spearman, and Kendall
correlation coefficients, or graphical
representations, such as genotype X trait
biplots. Correlation coefficients offer
numerical measures of the strength and
direction of relationships between traits,
enabling breeders to quantitatively assess
the degree of association between
parental traits and hybrid performance.
Conversely, genotype x trait biplots
visually  illustrate  patterns  and
associations  between  traits  and
genotypes, aiding breeders in identifying
parental lines with desirable trait
combinations (Yan and Tinker, 2006). By
combining these methods, breeders can
effectively identify and prioritise parental
lines with superior trait performance,
facilitating the development of high-
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performing  hybrids  with  desired
agronomic characteristics.

This study was therefore carried out
to: i) evaluate the agronomic performance
of the testcrosses; 1ii) assess the
consistency and predictability of trait
expression in F; hybrids across different
soil nitrogen (N) conditions; iii) assess
the correlation between traits in parental
lines and their hybrids; and iv) estimate
potential gains in hybrid performance
over parents and standard checks.

MATERIALS AND METHODS

Experimental materials

The experimental materials
consisted of 82 inbred lines, 237
testcrosses, and 3 standard checks (‘Oba
Super 2°, ‘SAMMAZ 50, and ‘SC619’).
The 237 testcrosses were generated from
the 82 inbred lines (79 lines and 3 testers)
using a line X tester mating design
(Kempthrone, 1957) in the 2019 cropping
season at the Institute for Agricultural
Research, Zaria, Nigeria (Table 1).The
inbred lines, which were in their sixth
generation of selfing, included both low-
N-tolerant and non-tolerant lines.
Detailed information regarding the inbred
lines, testers, and the development of the
testcrosses was provided in a previous
report (Aboderin et al., 2024). Checks
SAMMAZ50 and Oba Super 2 are high-
yielding commercial hybrids released in
Nigeria. SAMMAZS50 is adapted to the
Southern and Northern Guinea Savanna
agroecological zones, while Oba Super 2
is adapted to Forest and Savanna
agroecological zones.

Field evaluation
The inbred lines were evaluated in

two low-N and two optimum-N
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environments. The hybrid evaluation trial
was conducted in four optimum- and four
low-N environments at the Institute for
Agricultural Research (IAR)
experimental fields in Zaria and Mokwa
during the 2020 and 2021 growing
season. In this study, an environment
denotes the combination of year, location,
and soil N level. The IAR experimental
field, established through the depletion of
available soil N due to continuous maize
planting without N fertiliser application
for several years, served as the low-N
field in the study. These fields were
exclusively reserved for evaluating
genotypes for tolerance to low soil N.
Soil analysis results revealed that the
available soil N at the Mokwa and Zaria
low-N fields were 0.85 and 1.1 g/kg,
respectively, which is below the critical
level of N fertiliser requirement for
optimum maize growth.

Experimental design

The inbred trial (82 parental lines
and 2 inbred checks) was laid out ina 7 x
12 alpha lattice design, while the hybrid
trial (237 testcrosses and 3 hybrid checks)
was laid out using a 15 x 16 alpha lattice
design with 2 replications. The parental
lines were planted adjacent to the hybrid
trials in the same field in Zaria. In all
environments, single rows of plots, each
4 m long, with inter-row and intra-row
spacings of 0.75 m and 04 m,
respectively, were used. To achieve a
population of 66,667 plants per hectare, 2
seeds were sown per hole.

Nitrogen treatments

N fertiliser (urea) was evenly
applied in 2 split doses at 2 and 5 weeks
after sowing (WAS) to achieve an
available N level of 30 kg N ha™" in the
low-N fields.
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Table 1 - List of inbred lines used for the study

Code Inbred Source Code Inbred Source Code Inbred Source
P1 SMLW3 IAR P30 SMLW53 IAR P59 SMLW134 IAR
P2 SMLW4 IAR P31 SMLW57 IAR P60 SMLW135 IAR
P3 SMLW5 IAR P32 SMLW58 IAR P61 SMLW140 IAR
P4 SMLW6 IAR P33 SMLW64 IAR P62 SMLW143 IAR
P5 SMLW7 IAR P34 SMLW69 IAR P63 SMLW144 IAR
P6 SMLW9 IAR P35 SMLW70 IAR P64 SMLW145 IAR
P7 SMLW10 IAR P36 SMLW74 IAR P65 SMLW146 IAR
P8 SMLW11 IAR P37 SMLW75 IAR P66 SMLW147 IAR
P9 SMLW14 IAR P38 SMLW77 IAR P67 SMLW150 IAR

P10 SMLW16 IAR P39 SMLW78 IAR P68 SMLW155 IAR
P11 SMLW17 IAR P40 SMLW84 IAR P69 SMLW156 IAR
P12 SMLW19 IAR P41 SMLW86 IAR P70 SMLW157 IAR
P13 SMLW20 IAR P42 SMLW91 IAR P71 SMLW158 IAR
P14 SMLW21 IAR P43 SMLW93 IAR P72 SMLW160 IAR
P15 SMLW22 IAR P44 SMLW96 IAR P73 SMLW162 IAR
P16 SMLW23 IAR P45 SMLW99 IAR P74 SMLW163 IAR
P17 SMLW24 IAR P46 SMLW100 IAR P75 SMLW165 IAR
P18 SMLW25 IAR P47 SMLW101 IAR P76 SMLW167 IAR
P19 SMLW26 IAR P48 SMLW102 IAR P77 SMLW169 IAR
P20 SMLW27 IAR P49 SMLW104 IAR P78 SMLW183 IAR
P21 SMLW33 IAR P50 SMLW105 IAR P79 SMLW159 IAR
P22 SMLW34 IAR P51 SMLW106 IAR CODE TESTERS SOURCE
P23 SMLW37 IAR P52 SMLW107 IAR T IITA 1878 IITA
P24 SMLW43 IAR P53 SMLW108 IAR T2 IITA 1876 IITA
P25 SMLW44 IAR P54 SMLW119 IAR T3 SAM 50M IAR
P26 SMLW438 IAR P55 SMLW120 IAR CODE CHECKS SOURCE
P27 SMLW50 IAR P56 SMLW121 IAR C1 SAMMAZ 50 IAR
P28 SMLW51 IAR P57  SMLW122 IAR Cc2 Oba Super 2  Premier Seed
P29 SMLW52 IAR P58 SMLW127 IAR C3 SC 619 Seedco

IAR: Institute for Agricultural Research; IITA: International Institute of Tropical Agriculture

The first dose of N fertiliser was
applied together with muriate of potash
(60 kg P ha™") and single superphosphate
(60 kg Kha™') at 2 WAS. The second dose
of N (urea) was applied 5 WAS. In the
optimum field, N fertiliser was applied at
arate of 90 kg N ha ' in 2 different doses.
The first dose involved the application of
NPK 15:15:15 at a rate of 60 kg N ha™',
60 kg Pha™', and 60 kg K ha™' at 2 WAS,
while the second dose was in the form of
urea at 30 kg N ha™' top-dressed at 4
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WAS. Weeds were managed in the field
through herbicide application (5 L ha™'
Primextra and Paraquat) during the early
phases of maize growth. Subsequent
manual weeding was performed when
necessary to maintain a weed-free field
throughout the growing season.

Data collection and analysis
Agronomic data were collected

based on plot and sampled plant bases.

Plot-based agronomic data included the
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assessment of flowering traits in terms of
days, the count of ears per plant (EPP),
and grain yield (GY). Growth traits were
evaluated based on average
measurements  derived from five
randomly selected plants within each
plot. Aspect ratings were visually
evaluated on a phenotypic scale ranging
from 1 to 10, where 1 indicated excellent
phenotypic appeal and 10 represented
poor phenotypic appeal.

Stay green characteristics (STGR)
data were only collected in the low-N
field immediately after completing the
flowering data and were rated on a scale
of 1-10, where 1 = 90-100% of the plant
leaves were still green and 10 = virtually
all the leaves of the plant were yellow or
dead. GY (kg ha') under low-N
conditions was determined by weighing
the shelled ear grain per plot in grams (g),
which were subsequently converted to
kilograms (kg) and adjusted to a standard
moisture level of 15%.

Conversely, under optimum-N
conditions, GY was calculated based on
the field weight of cobs, measured in
kilograms (kg), assuming an 80%
shelling percentage, and subsequently
adjusted to a 15% moisture content to
ensure measurement consistency and
comparability.

Combined analyses of variance
(ANOVAs) were conducted across
environments for GY and other
agronomic traits in both trials. Mean
comparisons for both hybrid and parent
genotypes were performed using the least
significant difference (LSD) test. The
tolerance level to low soil N of each
genotype was assessed using the low-N
tolerance index (LNTI), as outlined by
Oyekunle and Badu-Apraku (2013a).
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Estimation of heterosis

Heterosis was calculated as a
percentage for agronomic traits, showing
statistically  significant  differences
among genotypes. Better parent (BPH)
and mid-parent heterosis (MPH) were
estimated using AGD-R software
(Rodriguez ef al., 2020). Adjusted means
of the hybrids and inbred lines from
evaluation trials in Zaria only, where both
hybrid and inbred lines were planted in
adjacent plots, were used for these
estimations. SH was computed following
the method suggested by Falconer and
Mackay (1996):

F1 — Mean of Best

Standard .
Heterosis = (Ii/lheck VfaBrlety x 100 (1)
SH (%) eano _est

Check Variety

where F; = mean of the hybrid.
Repeatability was estimated for
each trait under low-N and optimum-N

conditions and across both so0il-N
conditions using the following formula:
2
9G
R= 2 2 (2)
o2 +—UgE +i—f

where oZ is genotypic variance, oZ is
error variance, 02 is GXE interaction
variance, and e and r are the numbers of
environments and replications within an
environment, respectively (Fehr, 1991).
Repeatability was classified as follows:
high repeatability (r > 0.60); moderate
repeatability (0.30 < r < 0.60); and low
repeatability (r < 0.30) (Resende, 2002).
Correlation analysis was performed
using two methods. In the first method,
the Pearson correlation coefficient was
calculated between the mid-parent values
and their corresponding hybrid means for
each trait using SAS software (version
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9.2, 2008). Simultaneously, the mid-
parent and hybrid values were subjected
to genotype X trait biplot analysis to
visualise the multivariate relationships
between the parental lines and hybrid
traits and to assess how different traits in
the parental lines relate to the GY of the
hybrids.

RESULTS

Analysis of variance

The combined ANOVA across low-
and optimum-N environments for GY
and other agronomic characters of the
parental lines and testcrosses are
presented in Table 2.

Environment mean squares were
significant (p < 0.01 or p < 0.05) for all
measured traits. Lines and hybrid mean
squares were significant (p < 0.01 or p <
0.05) for all characters, except EPP for
the testcrosses. The lines x environment
interaction was highly significant (p <
0.01) for all characters. Similarly, the
hybrid x environment interaction was
significant (p < 0.05) for all characters,
except EPP. Repeatability estimates
varied from 0.05 (plant aspect, PA) to
0.92 (STGR) under low-N, 0.001 (ear
aspect, EA) to 0.53 (GY) under optimum-
N, and 0.001 (EA) to 0.92 (STGR) across
the environments. Repeatability
estimates for STGR, days to anthesis
(DP), days to silking (DS), and anthesis—
silking interval (ASI) were high under
low-N conditions and across
environments, while PA, EA, and EPP
consistently displayed low repeatability
across environments. GY exhibited
moderate repeatability under low-N
conditions  and  slightly  higher
repeatability under optimum-N
conditions and across environments.
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Agronomic mean performance of
the parental lines and testcrosses

The mean performance and other
agronomic traits of the parental line and
their  testcrosses across the test
environments are presented in Table 3.
The mean GY among the parental lines
was 344 kg ha ' under low-N conditions,
1803 kg ha' wunder optimum-N
conditions, and 1074 kg ha™' across the
environments. The highest yielding
inbred lines were P69, P3, and P14 under
low-N, P69, P14, and P76 under
optimum-N, and P69, P14, and P79
across the environments. The mean GY
among the testcrosses was 2473 kg ha™'
under low-N conditions, 5263 kg ha™
under optimum-N conditions, and 3868
kg ha! across the environments. Leading
hybrids were P36xT3, P65xT2, and
P66xT3 under low-N conditions,
P66xT2, P18xT3, and P56XT2 under
optimum-N conditions, and P65xT2,
P66xT3, and P66xT2 across the
environments. Under low-N conditions,
parental line P3 and hybrid P36xT3 had
the lowest yield reduction (34.87 and
1.26%, respectively), while P32 and
P62xT1 had the highest (95.09 and
89.18%, respectively).

DP ranged from 61.3 (P69) to 69.3
days (P48) among the parental lines and
from 56.9 (P59xT1) to 66 days (P13xT1)
among the hybrids. Parental lines P69,
P72, and P64 and hybrids P59xTI,
P24xT3, and P22XT3 were the earliest to
attain anthesis, with a mean value of 65
(parental lines) and 60.6 days (hybrids).
DS ranged from 63.7 (P72) to 72.2 days
(P48) for the parental lines and from 59.9
(P59%T1) to 66.8 days (P11xT1) among
the hybrids.
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ASI among the parental lines ranged
from 2 to 4.9 days, with P45 having the
shortest interval, followed by P79 and
P54. The ASI for the hybrids ranged from
1.9 days in hybrid P13XT3 to 4.2 days in
P65xT2, with a mean of 3 days. The
maximum plant height (PHT) was
recorded in parental line P69 (136 cm)
and hybrid P18xT2 (164 cm). Ear height
(EHT) ranged from 32 (P42) to 68 cm
(P14) and from 45.2 cm (P3xT1) to 72.8
cm (P50xT1). In addition, EPP ranged
from 0.7 (P29) to 1.2 (P52) and from 0.74
(P24xT2) to 1.2 (P31xT2). Parental line
P52 and hybrid P35x%T3 had the best PA
ratings (3.4 and 2.7, respectively). The
EA rating was highest in parental line P69
and hybrid P25xT1, with values of 2.4
and 2.6, respectively (Table 3).

Inbred line P69 had the best STGR
rating (3.9), followed by P41 (4.0) and P3
(4.1), while P23 had the worst rating
(7.4). Among the hybrids, STGR ranged
from 1.7 for P7xT3 to 8.9 for P52xT2,
with a mean of 4.46. The majority of the
top-yielding hybrids also had better
STGR ratings. Of the parental lines, 37
(including 2 inbred testers) had a positive
LNTI. P34 had the lowest LNTI (=7.9),
while P69 had the highest (19.6). Of the
hybrids, 133 exhibited a positive LNTI,
with P66xT3 achieving the highest value
(13.5), followed by P36xT3 and P50xT1.
Of the 133 hybrids, 19 having a positive
LNTI were also ranked among the top 20
highest-yielding hybrids across the
environments.

Relationship between the performance
of parental inbreds and their hybrids
The correlation analysis between the
traits of the lines and hybrids is presented
in Table 4. Non-significant positive
correlations were observed between the
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lines and hybrids for GY, PHT, EPP, PA,
EA, and STGR. Conversely, negative
correlations were noted for DP, DS, ASI,
and EHT.

Figure 1 shows the genotype x trait
biplot, illustrating the relationship
between the traits of the lines and their
hybrids. Positive correlations were
observed between the parental lines and
their hybrids for GY, STGR, DS, EA, and
PA. However, negative correlations were
noted between the parental lines and their
hybrids for ASI, EPP, DP, and EHT. In
the biplot (Figure I), the hybrid GY
vector formed an acute angle with each of
the DP, DS, STGR, PA, and EA vectors
of the lines. Additionally, the hybrid GY
vector showed a near-perfect linear
relationship with the vectors representing
the PHT and EHT of the lines, while
being inclined at an almost right angle to
the vectors representing the EPP and ASI
of the lines.

Heterosis Estimates

The estimates for MPH, BPH, and
SH for GY and other agronomic traits
among the 237 F1 hybrids are presented
in Table 5. All 237 hybrids exhibited a
positive MPH for GY, ranging from
21.74 (P61xT2) to 846.56% (P66xT2).
Only one hybrid showed a negative BPH
for GY, with BPH ranging from —9.47
(P61xT2) to 577.20% (P33xT1). The SH
for GY varied from —52.46 (P61xT2) to
48.20% (P65xT2).

The MPH for DP ranged from
—11.21% (P31xT2) to 5.57% (P3xT1).
BPH ranged from —12.68 (P31xT2) to
4.43% (P64xT1), while SH varied from
=9.7% (P59xT1) to 1.1%. For DS,
hybrids P31xT2 and P32xT3 had the
lowest MPH and BPH, while hybrid
P59xT1 exhibited the lowest SH.
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Table 3 — Agronomic performance of maize inbred lines and their testcrosses (top 20)
under low- and optimum-N conditions (Mokwa and Zaria) in 2020 and 2021

GY (kg/ha) YRD
Genotype — = oo DP DS ASI PHT EHT EPP PA EA STG INT g
P69 1280 4142 2711 613 642 30 136 62 11 36 24 39 195 69.1
P14 654 4094 2374 646 683 3.8 131 68 08 3.8 28 52 25 840
P79 626 3344 1985 636 656 21 115 56 09 37 32 63 76 813
P76 286 3547 1916 657 686 29 103 45 09 37 32 58 05 920
P19 384 2897 1641 627 659 32 99 45 11 37 35 60 11 868
P20 262 2883 1573 63.6 666 31 97 47 09 36 35 63 -31 90.9
P10 379 2737 1558 66.6 695 29 114 48 10 36 39 54 -05 862
P17 488 2589 1539 61.8 654 36 113 44 10 40 35 61 15 811
P64 337 2701 1519 61.6 638 23 111 40 10 35 35 56 21 875
P2 349 2624 1487 658 691 34 104 51 10 38 35 54 041 867
P23 207 2744 1476 66.7 692 25 111 50 09 4.0 38 74 -54 925
P45 568 2377 1472 67.0 690 20 89 40 10 42 37 49 76 761
P71 248 2586 1417 652 67.6 25 94 45 09 42 39 54 -19 904
P32 132 2692 1412 673 704 31 95 46 08 3.7 35 65 -55 0951
P16 272 2548 1410 636 669 34 118 55 11 38 33 51 -09 893
P15 204 2605 1405 640 675 35 103 51 10 39 36 67 -51 922
P7 600 2193 1396 65.0 67.3 25 107 46 10 35 2.8 49 99 727
P41 630 2138 1384 65.6 694 39 121 59 10 40 30 40 63 705
P77 515 2159 1337 619 642 24 109 55 09 36 34 52 41 762
P65 641 2028 1334 66.3 690 27 106 44 09 41 37 56 69 684

Mean 344 1803 1074 650 679 29 104 46 09 39 37 58 -0.1

P65xT2 5129 7476 6303 583 625 4.2 132 61 09 31 35 51 65 314

P66xT3 5126 7337 6232 584 622 39 135 65 09 27 29 19 135 301

P66xT2 4019 8155 6087 59.0 630 4.0 126 63 09 29 32 56 77 507

P36xT3 5742 5815 5779 596 628 3.2 133 61 10 31 32 22 130 1.3

P55xT2 4236 7174 5705 613 646 32 139 58 09 32 35 62 6.2 409

P31xT2 4125 7144 5635 59.2 620 28 143 64 12 32 31 43 85 423

P5xT2 4551 6399 5475 612 639 27 135 59 1.0 31 32 40 85 289

P56xT2 2958 7802 5380 59.2 620 28 15 63 1.0 31 32 70 42 621

P35xT2 3918 6629 5273 61.0 643 33 137 63 09 31 35 53 34 409

P75xT1 3287 6889 5088 611 648 3.7 137 62 09 30 32 33 42 523

P18xT3 2138 8003 5071 625 658 33 147 59 09 32 35 44 08 733

P23xT1 3240 6896 5068 59.1 624 32 140 60 10 30 32 26 73 530

P73xT3 3352 6755 5053 620 659 39 139 73 09 33 33 31 26 504

P16xT3 2667 7432 5050 618 648 3.0 142 56 1.0 33 36 28 441 64.1

P29xT1 2604 7464 5034 611 647 36 146 55 09 29 33 22 37 651

P51xT3 3892 6144 5018 589 619 29 147 67 09 29 35 32 8.7 367

P56xT1 3314 6595 4955 619 649 3.0 15 65 1.0 29 32 441 74 497

P55xT3 4028 5822 4925 617 64.7 3.0 151 65 10 30 35 35 78 308

P65xT1 4044 5782 4913 581 622 4.1 128 64 08 29 33 19 6.3 30.1

P74xT2 2560 7095 4827 620 656 36 125 63 09 31 40 63 -15 639

C1 1730 6335 4032 623 653 3.0 121 57 09 32 34 57 -26

C2 980 6088 3534 619 647 29 137 60 09 30 35 40 -33

C3 2185 6321 4253 63.0 658 28 131 56 09 31 33 47 -08

Mean 2473 5263 3868 60.6 63.8 3.2 140 62 09 31 34 45 0.9

Grain yield (GY); Days to anthesis (DP); Days to silking (DS); Anthesis silking interval (ASI); Plant height (PHT); Ear height
(EHT); Ears per plant (EPP); Plant aspect (PA) Ear aspect (EA); Stay green characteristics (STG); Low N tolerance index
(LNT); Percentage yield reduction (YRD); Low-N (LN); Optimum-N (OPT); Across both low- and optimum-N conditions
(ACC)
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Table 4 — Pearson correlation coefficients between traits of maize
inbred lines and their hybrids under low- and optimum-N conditions

Trait Correlation coefficient
Grain yield 0.03ns
Days to anthesis -0.07ns
Days to silking -0.09"
Anthesis—silking interval -0.04ns
Plant height 0.06m
Ear height —-0.05"
Number of ears per plant 0.03ms
Plant aspect 0.03"
Ear aspect 0.01ns
Stay green characteristics 0.001"s

ns means non- significant; N = 237; Parental lines value for each trait = %2 (P4 + Py),
where P, and P, represent the two parental lines involved in hybridization.

MPA_ e T EA

AXIS2 14.8 %

MDP

MDS

T T T T T T
-6 -4 -2 0 2 4 6
AXIS120.35%

(GY, Hybrid grain yield; PHT, Hybrid plant height; EHT, Hybrid ear height; EPP, Hybrid number of ears per plant; PA,
Hybrid plant aspect; EA, Hybrid ear aspect; DP, Hybrid days to anthesis; DS, Hybrid days to silking; ASI, Hybrid
anthesis silking interval; STG, Hybrid stay green characteristics; MGY, Mid-parent grain yield; MPHT, Mid-parent
plant height; MEHT, Mid-parent ear height; MEPP, Mid-parent number of ears per plant; MPA, Mid-parent plant
aspect; MEA, Mid-parent ear aspect; MDP, Mid-parent days to anthesis; MDS, Mid-parent days to silking; MASI,

Mid-parent anthesis silking interval; MSTG, Mid-parent stay green characteristics).

Figure 1 — A vector view of the genotype-by-trait biplot showing interrelationships between mid-
parent values and their hybrid values for grain yield and other agronomic traits
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Regarding ASI, hybrids P21xT2
and P21xT3 showed the lowest MPH and
BPH, but P13xT3 had the lowest SH.
Concerning growth traits (PHT), hybrids
P1xT2 and P14xT2 had the lowest BPH
and MPH, while P68xT3 exhibited the
lowest SH.

For EHT, hybrids P14xT2 and
P9xT1 displayed the lowest MPH and
BPH, with P3xT1 recording the lowest
SH. Hybrid P37xT1 showed the lowest
MPH and BPH for STGR, while hybrid
P24xT1 had the lowest SH (Table 5).

DISCUSSION

The significance of environmental
mean squares for all measured traits
indicates the influence of environmental
conditions on  trait  expression,
highlighting  the  importance  of
considering environmental factors in
breeding programs (Abu et al., 2021;
Obeng-Bio et al, 2020). Significant
mean squares for lines and hybrids across
most traits suggest substantial genetic
variability among the parental lines and
their hybrids, emphasising the potential

for genetic improvement through
hybridisation. The highly significant
genotype X environment interaction

underscores the differential responses of
both parental lines and hybrids to varying
environmental conditions, indicating the
need for environment-specific breeding
strategies to optimise trait expression.
This interaction’s significance for all
characteristics suggests that the same
genotype may produce differential trait
expression under different environmental
conditions, highlighting the complexity
of trait inheritance and the need for
multilocational ~ trials  to  assess
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performance stability across diverse
environmental conditions (Abu et al.,
2021; Badu-Apraku et al., 2016).

The repeatability estimates offer
valuable insights into the consistency and
stability of trait expression across
different  environmental conditions.
Traits, such as STGR, DP, DS, and ASI,
demonstrated high repeatability across
environments, indicating a strong genetic
influence and minimal impact from
environmental variations. These traits are
characterised by stable performance,
making them suitable targets for direct
phenotypic selection. In contrast, traits,
such as PA, EA, and EPP, exhibited low

repeatability, suggesting a greater
susceptibility to environmental
influences. Consequently, direct

phenotypic selection for these traits may
not be effective. GY, displaying moderate
repeatability under low-N conditions and
slightly higher repeatability under
optimum-N  conditions and across
environments, highlights the complex
interaction  between  genetic  and
environmental factors. This suggests that
variety selection based solely on GY may
be inefficient under low-N conditions
(Badu-Apraku et al., 2011). Traits with
high repeatability can be used in
conjunction with GY to make indirect
selections in such conditions (Adu et al.,
2021; Monneveux et al., 2006).

The observed GY reductions,
ranging from 35 to 95% among inbreds
and from 1.3 to 89% among hybrids
under low-N conditions, emphasise the
significant impact of N stress on the
performance of maize genotypes
(Makumbi et al., 2011; Ribeiro et al.,
2020).
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Notably, the low yield reduction
percentage and positive LNTI values
observed in parental lines P69 and P14 as
well as hybrids P65xT2, P66xT3, and
P66xT2, indicate their potential tolerance
to low-N conditions. These parental lines
represent valuable genetic resources for
developing maize varieties  with
improved N use efficiency and resilience
to N stress. Similarly, the identified
hybrids offer practical solutions for
farmers facing challenges with varying
soil fertility levels. With their inherent
genetic potential to consistently produce
good yields under N stress conditions,
these hybrids hold promise for enhancing
maize productivity in environments
characterised by limited N availability.

Additionally, accurate prediction of
hybrid performance, informed by the
traits of their parental lines, is pivotal for
making significant progress in selection
(Oyekunle and Badu-Apraku, 2013b;
Reif et al, 2013; Schrag et al., 2018;
Zhao et al, 2013). Although the
correlations observed between the traits
of inbred lines and their hybrids may not
have reached statistical significance, the
consistency in results from multiple
analyses conducted in the study suggests
a degree of reliability in using inbred
lines’ performance to predict hybrid
performance (Betran et al., 2003). The
positive correlation observed for traits,
such as GY, PA, EA, and STGR,
indicates a certain level of similarity in
performance between the parental lines
and their hybrids. This suggests that when
parental lines exhibit favourable
performance for these traits, there is a
likelihood that their hybrids will also
display similar favourable traits (Betran
etal.,2003).
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Moreover, the orientation of the
hybrid GY vector relative to the parental
trait vectors on the biplot elucidated
significant positive and negative effects
for certain parental traits on hybrid yield
performance. Traits, such as DP, DS,
STGR, PA, and EA, positively influenced
hybrid GY, whereas the PHT and EHT of
the parents exerted negative effects on
hybrid GY performance. Consequently,
breeders aiming to develop high-yielding
hybrids resilient to N stress should
prioritise selecting parental lines with
superior GY, prolonged leaf greenness,
favourable PA and EA ratings, moderate
PHT and EHT, and shorter DP and DS
(Badu-Apraku et al., 2012, 2023).

Furthermore, it is crucial to consider
all three forms of heterosis (BPH, MPH,
and SH) to identify combinations that not
only outperform the parents but also
surpass existing standard varieties.
Positive heterosis values for GY are
highly desirable, as they indicate
favourable gene combinations for
improving the yield potential of hybrids.
Crosses, such as P65xT2, P66xT3, and
P66xT2, which exhibited high positive
heterotic effects over both the parents and
standard  checks, are  promising
candidates for potential adoption in maize
breeding programs. Negative heterosis is
particularly desirable for flowering traits,
as it signifies early flowering in hybrids
compared to the parents (Dagne et al.,
2013). This is especially advantageous
under  low-N  stress  conditions,
representing the hybrids’ ability to
expedite their reproductive processes
before nutrient deficiency becomes more
limiting. In this study, numerous crosses
exhibited high negative values for all
three heterosis parameters related to
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flowering traits. Among these hybrids,
P31xT2 and P36xT3 also recorded high
GYs, making them promising candidates
for commercial use or as valuable parents
in the development of early maturing
maize varieties.

Similarly,  hybrids  displaying
negative values for all three heterosis
parameters related to both PHT and EHT
offer practical advantages in terms of
lodging resistance, mechanical
harvesting, and yield stability (Olakojo
and Olaoye, 2005; Salami et al., 2007).
Combinations in the study exhibiting
high negative heterosis for STGR are
indispensable for developing hybrids
with enhanced resilience to stress
conditions, such as drought and nutrient
deficiency. Among these combinations,
P65xT1, P66xT3, P29xT1, and P36xT3
also exhibited high positive heterosis
estimates for GY. These hybrids not only
exhibit desirable stress-tolerant traits but
also possess the genetic potential to
produce high yields under optimal
conditions.

CONCLUSIONS

In conclusion, parental lines P69
and P14 emerged as valuable genetic
resources for developing maize varieties
with improved tolerance to low-N stress.
Among the hybrids, P65xT2, P66xT3,
and P66xT2 displayed outstanding
performance in GY and other key traits
across varying N  environments,
positioning them as priority candidates
for further evaluation and potential
adoption.  Additionally,  correlation
analysis and repeatability  results
indicated that yield improvement in low-
N tolerant maize hybrids is linked to
selecting parental lines with superior
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performance in traits, such as GY, STGR,
and flowering traits.
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