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ABSTRACT

Identification of distinct heterotic groups should help development of
outstanding hybrids and improve the efficiency of hybrid development program.
Twenty-two new yellow maize inbred lines were crossed with two inbred testers using
line x tester mating design in 2022 growing season. The resulting 44 F1's plus one
commercial hybrid were evaluated in 2023 growing season at three locations
(Sakha, Gemmiza and Mallawi Agricultural Research Stations) in a randomized
complete block design with three replications for traits; days to 50% silking, plant
height, ear height, ear length and grain yield. The mean squares due to lines (L),
testers (T), lines x tester (LxT) and their interactions with locations (Loc) were
significant or highly significant for all studied traits except for plant and ear heights
of (LxTxLoc) interaction. The additive gene effects were preponderant in the
inheritance of all studied traits, except for grain yield, where the non-additive gene
effects played more important role. The best inbred line for general combining
ability (GCA) effects was L1 for earliness and short plant and ear heights, L7 for
longest ear and L20 for high grain yield. The cross (L15xGz658) significantly out-
yielded the commercial check SC168. The three heterotic group methods were
differed in identifying the superior hybrids obtained from parents selected from
different groups. Heterotic grouping based on combining ability effects (HCAE)
method was the best for identifying the superior hybrids followed by heterotic
grouping based on specific and general combining ability effects (HSGCA) method;
also HCAE identified the lowest number of the superior crosses obtained from
parents within the same heterotic group followed HSGCA method. Hence HCAE
was the most efficient methods for grouping the inbred lines followed by HSGCA
than SCA effects method.
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INTROUDUTION

Obtaining superior maize hybrids depends on the available
germplasm, which should possess high genetic variability necessary for
establishing new superior inbred lines. Estimating the combining ability
of inbred lines in hybrid combinations is very necessary for a successful
maize hybrid improvement (Murtadha et al 2018, Ali et al 2019 and
Oluwaseun et al 2022). Combining ability effects in maize inbred lines
has been extensively studied under different conditions for different sets
of new maize inbred lines developed, introduced and adapted to
different environments (Girma et al 2015, Dufera et al 2018, de Faria et
al 2022 and Mosa et al 2023). Information on general combining ability
(GCA) plays a significant role in evaluating the inbred lines, meanwhile
the specific combining ability (SCA) plays a significant role in
obtaining the best crosses in maize hybrid development. Identification
of heterotic groups among maize inbred lines is crucial to the success of
a maize hybrid program. Selection of hybrid, performance across



environments may require a specific classification of inbred lines into
heterotic groups to allow further exploration for generating superior
hybrids (Fan et al 2010 and Fan et al 2016). The purpose of maize
heterotic groups classification improve maize breeding efficiency by
reducing crosses among intragroup lines and increasing intergroup
crosses to increase developing of potential super hybrids. Heterotic
groups represent a group of germplasm sources that when crossed with
each other produce consistently better crosses than when crosses are
made within those groups (Hallauer and Carena 2009). Inbred lines
within the same group are similar genetically, while between the two
groups are dissimilar genetically (Gurung et al 2009). The SCA effects,
GCA effects, pedigree information, grain yield information, molecular
marker techniques are frequently used in maize heterotic groups
classification (Fan et al 2001, Menkir et al 2004, Barate and Carena
2006, Fan et al 2009, Delucchi et al 2012, Mosa et al 2021 and Mosa et
al 2024). The value of SCA effects reveals the genetic relationship of
two parents; high SCA effects indicates far genetic relationship of two
parents; while low SCA effects means close genetic relationship
between them (Fan et al 2003). Many researchers support the use of
SCA effects and testcross mean yield as a major criterion for classifying
inbred lines into heterotic groups (Menkir et al 2004, Librando and
Magulana 2008 and Mosa et al 2021). If the heterotic grouping
improves the identification of viable commercial hybrids, the per-hybrid
cost will actually be reduced (Ceccarelli 2015). The efficiency of
different methods in classifying inbred lines into heterotic groups have
been studied by many researchers (Akinwale et al 2014, Badu-Apraku
et al 2015, Tian et al 2015, Oyetunde et al 2020 and Mosa et al 2024).
Efficiency for many inbred lines may be tested by line x tester mating
design. Testers can be used to determine the genetic differences of the
emerged inbred lines based on the results of the crosses (Pswarayi and
Vivek 2008, Fan et al 2016 and Murtadha et al 2018). Therefore, the
objectives of this study were to determine the combining abilities of
new maize inbred lines and crosses, classify the inbred lines into
heterotic groups using three methods (HSGCA, SCA effects and
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HCAE), compare the efficiencies of the three grouping methods and
identify the best crosses as compared with a check hybrid.

MATERIALS AND METHODS

Twenty-two new yellow maize inbred lines obtained from maize
breeding program at Sakha Research Station were crossed with two
inbred lines; Sk11 and Gz658 as testers using line x tester mating design
during the growing season of 2022. The resulting 44 F1 crosses plus one
commercial hybrid (SC168) were evaluated at three locations; Sakha,
Gemmiza and Mallawi Research Stations in 2023 growing season. A
randomized complete block design with three replications was used in
each location. Each cross was placed in a one-row plot of 6 m long and
0.80x0.25 m apart between and within row spacing, respectively. The
trials were hand planted with two seeds/hill, which later thinned to one
plant/hill after 21 days from planting to get a total plant population of
21875plants/feddan (feddan=4200 m?). All standard cultural practices
were followed as per recommendation for the area. The procedure of
data collection followed CIMMYT's manual for managing trials and
reporting data (CIMMYT's 1985). Data were recorded on days to 50%
silking, plant height (cm), ear height (cm), ear length (cm) and grain
yield in ardab per feddan (ard/fed), which was adjusted at 15.5% grain
moisture (ardab=140Kg). Before data analysis, homogeneity test was
performed. Combined analysis was made across three locations
following same procedure of Snedecor and Cochran (1989). Calculation
of variances analysis was carried out by using computer application of
Statistical Analysis System (SAS, 2008). When the differences between
crosses were significant, hence line x tester analysis was done according
to Kempthorne (1957) and Singh and Chaudhary (1985). Calculation of
variances analysis was carried out using the AGD-R Software (Analysis
of Genetic Designs in R for windows) version 5.0 Statistical Software
(Rodriguez et al 2015). The inbred lines were classified into heterotic
groups based on three methods; HSGCA method proposed by Fan et al
(2009), SCA effects mothod according to Vasal et al (1992 a, b) and we
followed the Vasal et al (1992 a, b) and Fan et al (2009) criteria with
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some modifications depending on combining ability effects (HCAE)
method.

RESULTS AND DISCUSSION

Analysis of variance

Combined analysis of variance for number of days to 50%
silking, plant height, ear height, ear length and grain yield (Table 1),
showed significant differences (P<0.01); among locations (Loc) due to
the difference between them in soil and climate conditions, among
crosses (C) and their interaction with locations (C x Loc), indicating
that studied crosses have a significant genetic variability, also these
crosses behaved differently under different locations which makes
selection possible. Several previous studies reported significant
differences among genotypes for grain yield and other agronomic traits
of maize (Oyekunle and Bedu-Apraku 2013, Dufera et al 2018 and
Mosa et al 2024).

Table 1. Analysis of variance for days to 50%o silking, plant height,
ear height, ear length and grain yield across three locations.

SOV df Days to 50%| Plant Ear Ear |Grainyield
silking | height (cm) | height (cm) |length (cm)| (ard/fed)
'(fg;“o”s 2 | 365.43** |74100.75%* | 44177.82** | 241.41** | 628.96**

Rep/L 6 12.87 885.44 549.11 7.66 30.33

Crosses (C) | 44 | 19.13** 1590.21** | 703.85** 5.18** 61.25**

C x Loc 88 4.05** 340.40** 180.57** 3.41** 34.93**

Error 264 1.80 14211 85.02 1.63 10.69

** indicate significant at the 0.01 level of probability.
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Means performance

Means of 44 crosses and the check hybrid SC168 combined
across three locations showed a wide range between the minimum and
maximum values for all studied traits (Table 2). The earliest crosses in
silking (62 days) were the two crosses (L1xSk11) and (L12xSk11),
while the later cross (67.33 days) was the cross (L11xGz658), eight
crosses were earlier than the check hybrid SC168, the best crosses from
them were (L1xSk11), (L12xSk11) and (L19xSk11). The tallest plant
(284.67 cm) was exhibited by the cross (L14xSk11), while the shortest
plant (220.78 cm) was exhibited by the cross (L1xGz658); additionally,
the cross (L1xGz658) had a shorter plant than the check hybrid SC168.
The highest ear height (161.56 cm) was recorded by (L5xGz658), while
the lowest ear height (122.44 cm) was shown by the cross (L2xSk11),
six crosses had significant shorter ear height than SC168, the best
crosses form them were (L1xSk11l), (L1xGz658), (L2xSk1l) and
(L2xGz658). The cross (L4xGz658) showed the longest ear (22.93 cm),
while the cross (L1xSk11) recorded the shortest ear length (19.18 cm);
the cross (L4xGz658) had significant longer ear length than the check
SC168. The highest yielding cross (36.11 ard/fed) was recorded by the
cross (L15xGz658), while the lowest yielding cross (23.22 ard/fed) was
recorded by the cross (L11xSk11). One cross (L15xGz658) was
significantly out-yielded than check hybrid SC168, while 12 crosses
were not significantly out-yielded than SC168; the best crosses form
them were (L10xGz658), (L13%xGz658), (L20xSk11) and (L22xGz658).
This study recommends using the best crosses in a breeding program to
develop new hybrids.
Line x tester analysis

Data in Table (3), showed that the mean squares due to lines (L),
testers (T) and (LXT) interaction were significant or highly significant
for all studied traits, indicating that the inbred lines differed in their
behavior with respect to their crosses, also testers were differed from
each other in their crosses, while significant (LxT) interaction means
that the inbred lines performed differently in crosses depending on type
of tester used.
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Tabel 2. Mean performance of 44 new crosses along with check
hybrid for days to 50% silking, plant height, ear height,
ear length and grain yield across three locations.

Days to Pl_ant E_ar Ear G_rain
Cross 50% silking height | height | length yield
(cm) (cm) | (cm) | (ard/fed)

L1 xSki1l 62.00 234.89 | 126.33 | 19.18 23.90
L1 x Gz658 62.56 220.78 | 122.89 | 20.73 31.13
L2 xSk11 62.56 242.33 | 122.44 | 19.49 27.86
L2 x Gz658 62.78 237.67 | 132,56 | 20.96 29.09
L3 xSk11l 63.33 251.22 | 133.56 | 20.73 30.51
L3 x Gz658 63.78 245.67 | 135.78 | 20.91 32.29
L4 xSk11 64.33 267.44 | 134.89 | 20.42 30.37
L4 x Gz658 65.00 269.33 | 151.22 | 22.93 32.60
L5 xSk11 63.67 283.56 | 152.78 | 21.16 32.60
L5 x Gz658 66.67 275.44 | 161.56 | 22.31 31.19
L6 xSkll 63.78 256.67 | 130.78 | 20.84 29.87
L6 x Gz658 66.11 260.44 | 152.78 | 20.84 32.22
L7 xSkl1l 63.33 280.89 | 146.67 | 21.64 30.93
L7 x Gz658 65.44 265.89 | 152.33 | 21.89 33.10
L8 xSkl1l 63.56 260.89 | 134.44 | 20.00 29.94
L8 x Gz658 64.89 254.67 | 139.56 | 20.33 33.10
L9 xSkl1l 64.11 259.89 | 139.22 | 20.20 31.60
L9 x Gz658 66.44 266.00 | 155.11 | 21.51 32.67
L10 x Sk11 64.22 271.44 | 138.78 | 20.73 30.78
L10 x Gz658 64.67 272.89 | 152.78 | 20.80 34.85
L11 x Sk11 65.67 267.67 | 142.67 | 20.24 23.22
L11 x Gz658 67.33 258.56 | 152.33 | 21.40 32.59
L12 x Sk11 62.00 255.78 | 141.78 | 19.96 28.55
L12 x Gz658 63.56 240.33 | 139.78 | 20.33 32.05
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Tabel 2. Cont.

Days to Pl_ant E_ar Ear G!’ain
Cross 50% silking height | height | length yield
(cm) (cm) | (cm) | (ard/fed)
L13 x Sk11 63.89 272.00 | 147.67 | 20.82 33.45
L13 x Gz658 66.44 258.89 | 150.22 | 20.87 34.88
L14 x Sk11 64.33 284.67 | 151.78 | 20.38 34.51
L14 x Gz658 66.44 267.78 | 155.22 | 21.29 34.26
L15 x Sk11 63.78 267.22 | 143.44 | 19.82 32.83
L15 x Gz658 65.11 265.67 | 153.44 | 20.82 36.11
L16 x Sk11 65.56 269.44 | 144.00 | 21.22 30.51
L16 x Gz658 66.89 255.11 | 149.89 | 20.78 33.36
L17 x Sk11 63.78 263.56 | 141.89 | 20.24 33.10
L17 x Gz658 65.44 247.00 | 141.22 | 19.84 33.79
L18 x Sk11 63.33 261.11 | 143.33 | 19.62 31.73
L18 x Gz658 65.11 249.56 | 143.44 | 20.44 31.70
L19 x Sk11 62.33 254,78 | 142.11 | 19.56 31.69
L19 x Gz658 63.11 252.00 | 151.44 | 20.89 31.70
L20 x Sk11 62.56 262.78 | 140.67 | 20.67 35.79
L20 x Gz658 63.33 251.22 | 141.22 | 20.20 34.04
L21 x Sk11 64.11 282.44 | 153.44 | 19.73 34.32
L21 x Gz658 67.22 256.33 | 148.00 | 20.09 33.49
L22 x Sk11 62.78 265.67 | 145.22 | 19.96 32.62
L22 x Gz658 65.78 259.78 | 150.78 | 19.96 35.79
SC168 (check) 64.56 244,56 | 143.00 | 21.58 33.10
LSD 0.05 1.24 11.07 8.56 1.19 3.00
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Table 3. Line x tester analysis of variance for days to 50% silking,
plant height, ear height, ear length and grain yield across
three locations.

Daysto| Plant Ear Ear Grain
SOV df | 50% height | height | length | yield

silking (cm) (cm) (cm) | (ard/fed)
Lines (L) 21 | 24.46** |2610.38**|1077.45*%*| 6.04** | 77.26**
Testers (T) | 1 |252.16**|7025.82**|3764.75**| 37.34** | 416.19**
LxT 21 | 3.61** | 284.81** | 217.68** | 2.64* | 30.71**
L x Loc 42 | 4.30*%* | 554.38** | 216.51** | 3.62** | 50.90**
T x Loc 2 |30.83** | 717.33** |1605.36**| 15.53** | 65.90**
LxTxLoc| 42 | 2.57* 120.06 71.51 2.73** | 19.11*
Error 258 | 1.63 137.44 82.70 1.61 10.79

* ** indicate significant at the 0.05 and 0.01 levels of probability,
respectively.

Mean squares due to (LxLoc), (TxLoc) and (LxTxLoc)
interactions were significant or highly significant for all studied traits,
except for (LxTxLoc) of plant and ear heights, meaning that (L), (T)
and (LxT) interactions were affected by changing locations for most
traits. These results are in agreement with those obtained by Ashish and
Singh (2002), EI-Shenawy et al (2003) and Mosa et al (2021).

Genetic components

The ratio between additive gene effects (GCA) and non-additive
gene effects (SCA) for the studied traits in Table (4), showed that
additive gene effects were more important in the inheritance of days to
50% silking, plant height, ear height and ear length. While, the non-
additive gene action played an important role in the inheritance of grain
yield. Similar results were reported by Mosa (2003) for days to 50%
silking and grain yield, EI-Shenawy et al (2003) and Keimeso and
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Abakemal (2020) for plant and ear heights and Mosa and Motawei
(2005) for ear length.

Table 4. Estimates of ratio between additive gene effects (GCA) and
non-additive gene effects (SCA) for five studied traits
across the three locations.

Days to _
Genetic component 50% ﬁl.ar;]t hE'aL IEarh G_”’:'dn
Sllklng elg t elg t engt yie

Additive gene effects 1.264 | 43.339|21.652| 0.186 | 2.185

(GCA)

Non-additive gene effects

(SCA) 0.202 |16.375(14.998|0.114 | 2.213
GCA/ SCA 6.257 | 2.647 |1.444|1.632 | 0.987

General combining ability effects:

General combining ability (GCA) effects of 22 inbred lines and
two testers for days to 50% silking, plant height, ear height, ear length
and grain yield are presented in Table (5). The GCA effects of inbred
lines ranged from -2.11** for L1 to 2.11** for L11 for days to 50%
silking, the best inbred lines for earliness were L1, L2, L3, L12, L19
and L20. Meanwhile the best tester for earliness was Sk11. The highest
GCA effects for plant height and ear height was L5, while the lowest
GCA effects was exhibited by inbred line L1, the desirable GCA effects
for both traits were shown by L1, L2 and L3, plus L12 and L19 for plant
height and L9 for ear height. Meanwhile the best tester for GCA effects
was Gz658 for short plant height and Sk11 for short ear height. The
desirable inbred lines for plant and ear heights should be used to reduce
plant and ear heights, which is important for development of hybrids
resistant to lodging. GCA effects for ear length varied from -0.65** for
L1 and L22 to 1.16** for L7, the desirable GCA effects were shown by
L4, L5 and L7 for inbred lines and Gz658 for testers.
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Tabel 5. General combining ability effects of 22 inbred lines and
two testers for days to 50% silking, plant height, ear
height, ear length and grain yield across three locations.

Inbred line |Days to 50% silkingPlant height|Ear height|Ear length |Grain yield
L1 -2.11** -32.33** | -19.29** | -0.65* -4.45%*
L2 -1.72%* -20.17** | -16.40** -0.39 -3.49**
L3 -0.83** -11.72%* | -9.23** 0.21 -0.56
L4 0.28 8.22** -0.84 1.07** -0.48
L5 0.78* 19.33** | 13.27** 1.13** -0.07
L6 0.56 -1.61 -2.12 0.24 -0.92
L7 0.00 13.22** 5.60** 1.16** 0.03
L8 -0.17 -2.39 -6.90** -0.44 -0.48
L9 0.89** 2.78 3.27 0.25 0.17
L10 0.06 12.00** 1.88 0.16 0.85
L1l 2.11%* 2.94 3.60 0.21 -4.06**
L12 -1.61** -12.11** -3.12 -0.46 -1.66*
L13 0.78* 5.28 5.05* 0.24 2.20**
L14 1.00** 16.06** 9.60** 0.23 2.42**
L15 0.06 6.28* 4.55* -0.29 2.46**
L16 1.83** 2.11 3.05 0.39 -0.03
L17 0.22 -4.89 -2.34 -0.56 1.47
L18 -0.17 -4.83 -0.51 -0.57 -0.25
L19 -1.67** -6.78* 2.88 -0.39 -0.27
L20 -1.44** -3.17 -2.95 -0.17 2.95**
L21 1.28** 9.22* 6.83** -0.70* 1.94*
L22 -0.11 2.56 4.10 -0.65* 2.24**
LSD gioos 0.62 5.44 4.22 0.59 1.52
0.01 0.82 7.17 5.56 0.78 2.01
LSD gi-Qjoos 0.89 7.77 6.03 0.84 2.18
0.01 1.18 10.29 7.99 1.11 2.88
Tester (Sk11) -0.80** 4.21** -3.08** | -0.31** | -1.03**
Tester (Gz658) 0.80** -4.21** 3.08** 0.31** 1.03**
LSD gioos 0.19 1.66 1.28 0.18 0.46
0.01 0.25 2.19 1.70 0.24 0.62
LSD gi-gjo0s 0.27 2.34 1.82 0.25 0.66
0.01 0.35 3.10 2.41 0.34 0.87

* ** indicate significant at the 0.05 and 0.01 levels of probability,

respectively.
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GCA effects for grain yield varied from -4.45** for L1 to 2.93**
for L20, the desirable GCA effects were exhibited by inbred lines L13,
L14, L15, L20, L21 and L22 and tester Gz658, indicating the potential
advantage of these inbred lines for development of high yielding
hybrids and synthetic varieties.

Specific combining ability effects

The desirable hybrids for specific combining ability (SCA)
effects were (L2xGz658), (L5%Sk11), (L21xSk11) and (L22xSk11) for
earliness, (L4xSk11), (L6xSk11), (L9xSk11l) and (L21xGz658) for
short plant and ear heights, (L1xGz658), (L4xGz658), (L16xSk11) and
(L20xSk11) for ear length and (L1xGz658), (L5xSk11), (L11xGz658)
and (L20xSk11) for high grain yield (Table 6).

Tabel 6. The best crosses for specific combining ability effects for
days to 50% silking, plant height, ear height, ear length,
ear diameter and grain yield across three locations.

Days to 50% Plant Ear Ear Grain
silking height height length yield

L2xGz658 L4xSk11 L4xSk11 L1xGz658 L1xGz658

L5xSk11 L6xSk11 L6xSk11 L4x(Gz658 L5%xSk11

L21xSk11l L9xSk11 L9xSk11 L16xSk1l | L11xGz658

L22xSk11l | L21xGz658 | L21xGz658 | L20xSk1l L20xSk11

Heterotic groups for ibred lines

It is important for breeders to classify inbred lines into heterotic
groups in order to determine the potential utility of parental lines for
developing high-yielding hybrids. The grouping of 22 new maize inbred
lines based on; HSGCA, SCA-effects and HCAE methods was made for
grain yield in this study as follows (Table 7), according to HSGCA
method of Fan et al (2009).
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Table 7. Classification of 22 inbred lines into different heterotic
groups based on HSGCA, SCA effects and HCAE
methods for grain yield across the three locations.

Inbred SCA effects Heterotic group method
line GCA effects
Sk11 (A)| Gz658 (B) | HSGCA |SCA effects| HCAE

L1 -4.45 -2.59 2.59 A A A
L2 -3.49 0.41 -0.41 B B B
L3 -0.56 0.14 -0.14 B B B
L4 -0.48 -0.09 0.09 A A A
LS -0.07 1.73 -1.73 B B B
L6 -0.92 -0.15 0.15 A A A
L7 0.03 -0.05 0.05 A A -
L8 -0.48 -0.52 0.52 A A A
L9 0.17 0.49 -0.49 B B -
L10 0.85 -1.01 1.01 A A -
L11 -4.06 -3.66 3.66 A A A
L12 -1.66 -0.72 0.72 A A A
L13 2.20 0.31 -0.31 - B -
L14 2.42 1.15 -1.15 - B -
L15 2.46 -0.57 0.57 - A -
L16 -0.03 -0.40 0.40 A A A
L17 1.47 0.67 -0.67 - B -
L18 -0.25 1.04 -1.04 B B B
L19 -0.27 1.02 -1.02 B B B
L20 2.95 1.90 -1.90 - B -
L21 1.94 1.44 -1.44 - B -
L22 2.24 -0.56 0.56 - A -
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The results showed that the inbred lines were divided into
groups depending on their SCA effects plus their GCA effects with each
tester (SCA+GCA). All inbred lines placed into each tester heterotic
group, keeping the inbred lines with the heterotic group where its
HSGCA had negative or largest negative value, but if the inbred line
had positive HSGCA effects with both testers, hence this inbred line is
not placed in any group. So the group A (tester Sk11) included the
inbred lines L1, L4, L6, L7, L8, L10, L11, L12 and L16. The group B
(tester Gz658) contained the inbred lines L2, L3, L5, L9, L18 and L19
while, this method was not able to classify the inbred lines L13, L14,
L15, L17, L20, L21 and L22. According to SCA-effects method of
Vasal et al (1992 a, b), positive SCA effects indicating that lines are in
opposing heterotic groups, while negative SCA effects indicate that
lines are in the same heterotic group. Therefore, the inbred lines, which
had negative SCA effects with tester Sk11 were assigned to heterotic
group A while, the inbred lines which had negative SCA effects with
tester Gz658 were assigned to heterotic group B. Hence, all inbred lines
under this study were assigned to two heterotic groups. Among 22
inbred lines, eleven inbred lines (L1, L4, L6, L7, L8, L10, L11, L12,
L15, L16 and L22) were grouped into heterotic group A, also eleven
inbred lines (L2, L3, L5, L9, L13, L14, L17, L18, L19, L20 and L21)
were grouped into heterotic group B. According to HCAE method, we
followed the Vasal et al (1992 a, b) and Fan et al (2009) criteria with
some modifications as follow, any inbred line showing negative SCA
effects with the first tester (A) but had positive SCA with the second
tester (B) and had negative GCA effects is placed into the heterotic
group A. Similarly, any inbred line displayed negative SCA effects with
the second tester (B) but had positive SCA effects with the first tester
(A) and had negative GCA effects is placed into the heterotic group B.
Meanwhile, if the inbred line had positive GCA effects, this line is not
placed in any group. Hence, the group A (tester Sk11) includes the
inbred lines L1, L4, L6, L8, L11, L12 and L16. The group B (tester
Gz658) contained the inbred lines L2, L3, L5, L18 and L19. While this
method was not able to classify the inbred lines L7, L9, L10, L13, L14,
L15, L17, L20, L21 and L22. From above results the group A included
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seven inbred lines according HCAE method, nine inbred lines (same
seven above mentioned inbred lines plus two other inbred lines)
according to HSGCA method, and eleven inbred lines (same nine above
mentioned inbred lines plus two other inbred lines) according to SCA
effects method. The group B included five inbred lines according to
HCAE method, six inbred lines (the same as the previous five inbred
lines and one other inbred line) according to HSGCA method, and
eleven inbred lines (the same as the previous six inbred lines and five
other inbred lines) according to SCA effects method, indicating that
there were differences between the three methods in the number of
inbred lines in each group. Heterotic groups have been studied
extensively by many researchers (Bhatnagar et al 2004, Barata and
Carena 2006, Fan et al 2009, Badu-Apraku et al 2013, Tian et al 2015,
Ejigu et al 2017 and Mosa et al 2024).
Comparison of the efficiency for three heterotic group methods
Comparing the effectiveness of the three methods for making
heterotic groups is shown in Table 8. The best grouping method is one
that allowed inter-group crosses to produce superior hybrids than
within- group crosses (Fan et al 2009). The HSGCA method identified
23, SCA effects method identified 16 and HCAE method identified 24
high yielding crosses for yield group-1(> grand mean). From the above
results, the three heterotic group methods were differed in identifying
superior hybrids (> grand mean). The HCAE followed HSGCA methods
recorded higher mean of crosses obtained from parents selected from
different groups. On the other hand, SCA effects method revealed nine
higher mean of crosses obtained from parents within the same heterotic
group, followed by HSGCA method (two crosses) and HCAE method
(one cross) for yield group-1. Hence the two methods HCAE followed
HSGCA were the best methods for classification of inbred lines into
heterotic groups than SCA effects method. Heterotic groups have been
extensively studied in maize. Fan et al (2009) stated that an efficient
heterotic grouping method is expected to identify groups which allow
inter- heterotic group crosses to display higher heterosis than within
group Crosses.
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Table 8. Number of crosses classified by the mean grain yield
(ard/fed) for three heterotic group classification methods
across the three locations.

Heterotic
group method

Yield group Cross type
HSGCA | SCA effects | HCAE

Group-1 Inter group 23 16 24
31.97-36.11

(ard/fed) Within group 2 9 1

Group-2 Inter group 6 6 8
31.96-23.22

(ard/fed) Within group 13 13 11

Also, they reported that the HSGCA method was better than
SCA and SSR methods for assigning an unknown maize line to a known
maize heterotic group. Akinwale et al (2014) found that SSR marker-
based genetic distance (GD) method was not as effective as the HSGCA
method in classifying the early maturing inbred lines under both striga
infested and striga free environments. Meanwhile Badu-Apraku et al
(2015) found that the SNP markers method proved more effective than
HSGCA method. Oyetunde et al (2020) compared the efficiencies of the
four grouping methods for classifying the inbred lines. They found that
the HSGCA and SCA methods were the most efficient for grouping in
all test conditions than heterotic grouping based on general combining
ability effects of multiple traits (HGCAMT) and SNP-based genetic
distance (GD) methods. Mosa et al (2024) found that the SCA effects-
Griffing, SCA effects-Yang and HSGCA methods were comparable in
identifying superior crosses and showed better results than agronomic
heterosis method.
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