J. of Plant Production, Mansoura Univ., Vol. 12 (6):605 - 611, 2021

Journal of Plant Production

Journal homepage: www.jpp.mans.edu.eq
Available online at: www.jpp.journals.ekb.eq

Evaluation and Classification of Yellow Maize Inbred Lines Using Line X

Tester Analysis Across Two Locations

Ibrahim, Kh. A. M.}; A. A. Said®* and M. M. Kamara®
IAgronomy Department, Faculty of Agriculture, New Valley University, EI-Kharga 72511, Egypt.

L)

Cross Mark

2Agronomy Department, Faculty of Agriculture, Sohag University, Sohag 82749, Egypt.
3Department of Agronomy, Faculty of Agriculture, Kafrelsheikh University, Kafr EI-Sheikh 33516, Egypt.

ABSTRACT

Ten yellow maize inbred lines and three testers were top crossed in line x tester scheme in 2019
season. The resulted 30 top crosses with two check hybrids were evaluated at two locations in 2020 growing
season to assess mean performance, general and specific combining ability and their interaction with
locations as well as elucidate type of gene action. The recorded data were days to 50% silking, plant height,
ear height, ear length, ear diameter, No. of rows/ear, No. of kernels/row and grain yield (ardab/fed). The
results showed that, the mean squares due to locations (Loc), genotypes (G), crosses (Cr.), G x Loc and Cr. x
Loc interactions were significant for all the studied traits. Highly significant differences were observed among
the evaluated lines (L), testers (T) and its corresponding hybrids for all traits. non-additive gene action gave
an important role in the inheritance of all the studied traits. The inbred lines L2, L4 and L6 showed the best
desirable GCA effects for earliness, L6, L7 and L10 for shortness and L4, L5, L6, L7 and L9 for lower ear
placement. Whereas the inbreeds L3, L6 and L7 were the best general combiners for grain yield. The crosses
L2xT1, L8xT1, L1xT2, L7xT2, L3xT3, L6xT3 and L10xT3 had the best SCA effects for grain yield. The
ten inbred lines were classified into three different heterotic groups using HSGCA method. These groups

could be used for selecting the best parents for making crosses in maize breeding programs.
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INTRODUCTION

Maize (Zea mays L.) is important cereal crop that is
widely used for human food, animal feed and raw material
for industrial products such as oil, starch and carbohydrates
(Eisele et al. 2021). It is play a core role of Egyptian
agriculture and food economy (El-Hosary 2020). The
current total production of maize is insufficient to meet the
needs of a rapidly growing population. As a result,
increasing the productivity of such a crop is the primary
goal of Egyptian maize breeders in order to reduce imports
and react to high consumption (Abd EI-Aty et al. 2018) .

Combining ability is crucial for selecting
appropriate parents for hybridization and identifying
superior hybrids in breeding programs (Oyekunle et al.
2015). Line x tester analysis method is a useful for
estimating general and specific combining ability (GCA
and SCA) effects as well as identifying the best parents
(Kempthorne 1957). Furthermore, it determines gene
action controlling the inheritance of the desired traits even
with a limited sample size. Many studies have shown that
the additive gene effects were more important in the
genetic expression of maize grain yield (Abd El-Mottalb et
al. 2013, Abo El-Haress 2015, El-Hosary et al. 2018,
Mutimaamba et al. 2019, Olayiwola et al. 2021). Other
researchers, however, reported that non-additive genetic
effects were predominates in the inheritance of maize grain
yield and the majority of its components (Makumbi et al
2011, Attia et al 2015, Kamara 2015, Wani et al 2017, El-
Hosary 2020, Mohamed 2020, El-Shahed et al 2021).
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There is no consensus among different genetic studies on
nature of the inheritance controlling maize yield or its
related characters .

Heterotic groups are important in hybrid breeding,
and it has been defined as a set of related or unrelated
genotypes from the same or different populations, which
exhibit similar combining ability and heterotic response
when crossed with genotypes from other genetically distinct
germplasm groups (Melchinger and Gumber 1998). Fan et
al. (2009) argued that the HSGCA method is a simple and
practical method for classifying maize inbred lines into
known heterotic groups. This method has proven to be more
effective than other methods (Legesse et al.2014).

The aims of this study were to (1) determination of
the effects GCA and SCA and their interactions with
locations, (2) elucidation of the inheritance of grain yield
and other studied traits, (3) identification of the superior
three way crosses and (4) classification of the inbred lines
into heterotic groups using HSGCA method.

MATERIALS AND METHODS

Plant materials

Ten yellow maize inbred lines (Zea mays L.) were
used as parents in this study. The parental codes, sources
and names of these inbred lines are presented in Table 1.

In 2019 growing season, the ten inbred lines were
topcrossed with the three single cross testers; SC162
(T1), SC167 (T2) and SC178 (T3), using line x tester
mating design at the Experimental Farm, Faculty of
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Agriculture, New Valley University, EI-Kharga, Egypt.
In 2020 growing season, the resulted 30 test crosses and
two commercial check hybrids TWC353 and TWC360
were evaluated at two different locations. The first
location was the Experimental Farm, Faculty of
Agriculture, Kafrelsheikh University, Egypt and the
second one was the Experimental Farm, Faculty of
Agriculture, New Valley University, EI-Kharga, Egypt.
The experimental design was randomized complete block
design (RCBD) with three replications in each location.
Each plot comprised of two ridges, 5 m long and 0.70 m
width. Planting was made in hills spaced at 0.25 m with
three kernels per hill on one side of the ridge, later
thinned to one plant/hill. All other agricultural practices
were carried out according to standard commercial
recommendations for maize production in each location.

Table 1. The code, name and pedigree of the used
parental maize inbred lines.

Parentcode  Name Source

L1 Inb. 236  Agricultural Research Center, Egypt
Lo Inb. 239  Agricultural Research Center, Egypt
Ls Inb. 247  Agricultural Research Center, Egypt
L4 Inb. 209  Agricultural Research Center, Egypt
Ls Inb. 207  Agricultural Research Center, Egypt
Le CML285 CIMMYT, Mexico

L7 CML121 CIMMYT, Mexico

Ls CML122 CIMMYT, Mexico

Lo CML223 CIMMYT, Mexico

Lio CML224 CIMMYT, Mexico

The collected data were days to 50% silking, plant
height (cm), ear height (cm), ear length (cm), ear
diameter (cm), number of rows/ear, number of
kernels/row and grain yield ardab/feddan adjusted to
15.5% moisture content (one ardab = 140 kg, one feddan
= 4200 m2). The obtained data were statistically analyzed
for the analysis of variance according to Steel and Torrie
(1980). The combined analysis was done whenever the
homogeneity test was not significant. The GCA effects of
the lines and testers and SCA effects of the hybrids were
calculated using line x tester analysis according to
Kempthorne (1957).

Heterotic groups using specific and general
combining ability (HSGCA) method were estimated
according to Fan et al. (2009) as follows:

HSGCA = Cross mean Xij — Tester mean (Xi)
= GCA+SCA
Where, X;; = mean yield of the cross between it" tester and j™
Xi = mean yield of the i tester

RESULTS AND DISCUSSION

Analysis of variance

The combined analysis of variance showed highly
significant mean squares due to locations (Loc) for all the
studied traits (Table 2), indicating the presence of a clear
variation between the two locations in climatic and soil
conditions for these traits. These results agreed with those
reported by El Hosary et al. (2018), Gamea et al. (2018), El-
Shahed et al. (2021) and Mousa et al. (2021).

Genotypes (G) and crosses (Cr.) mean squares were
found to be highly significant for all the studied traits,
indicating a wide diversity among the genetic materials used
in the present study. Hence, the selection is possible to
identify the most desirable crosses. These results are in
harmony with those obtained by Murtadha et al. (2016),
Sadek et al. (2017), Abdel-Moneam et al. (2020), El-
Shamarka et al. (2020) and Ismail et al. (2020). The
differences between the check hybrids were not significant
for all the studied traits, except days to 50% silking, plant
height and No. of kernels/row. Significant crosses vs. check
(Cr. vs. Ch) mean squares were observed for all the studied
traits, except ear height and ear diameter. The variance due
to the interactions of G x Loc, Cr. x Loc and Cr. vs. Ch were
significant for all the studied traits, except Cr. vs. Ch for
days to 50% silking and No. of rows/ear. Such results
revealed that the ranks of maize hybrids differed from one
location to another for all measured traits. Insignificant
interaction mean squares between checks and locations were
observed for all the studied traits, except ear height. This
result suggests that the performance of the check hybrids
were nearly similar in magnitude at the two locations. Abd
El-Aty et al. (2018) and Mohamed (2020) reached to the
same conclusion for grain yield and most of its components.

Table 2. Combined analysis of variance for all the studied traits across two locations.

SOV df Days to Plant Ear Ear Ear diameter  No. of No. of Grain yield
50% silking height (cm) height (cm) length (cm) (cm) rows/ear kernels/ row  (ard/fed)
Locations (L) 1 21.33*  193992.8** 178547.01** 68.28** 7.84%* 289.84**  2275.63* 126.31*
Rep/L 4 1.68 94.71 83.71 0.78 0.12 2.24 137.09 7.43
Genotypes (G) 31 41.18** 775.81**  679.92** 12.87** 0.55** 9.48**  58.34** 60.45**
Crosses (Cr.) 29 4321 766.54**  722.93** 13.48** 0.58** 9.89**  60.34** 59.46**
Checks (Ch) 1 16.33** 468.75* 60.75 0.33 0.07 2.08 13.23* 4.08
Cr.vs. Ch 1 7.20* 1351.64** 52.00 7.70%* 0.06 4.99* 45.60** 145.44**
GxL 31 1157 597.56**  499.54**  12.61** 0.68** 3.69**  55.48** 26.19**
Cr. xL 30 1221*% 604.45**  401.79**  13.06** 0.71** 3.88**  52.81** 25.80**
ChxL 1 1.33 168.75 1474.08** 1.33 0.07 0.08 6.16 0.08
Cr.vs.CheckxL 1 3.20 826.68**  2359.88**  11.06** 0.40* 1.61 182.31** 63.53**
Error 124 1.40 81.40 57.17 0.66 0.08 0.80 3.08 3.36

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

Line x tester analysis

Highly significant mean squares were detected for
Lines (L), Testers (T) and L x T interaction for all the
studied traits (Table 3). These results suggest that a wide
range of variability existed among parental lines and testers
and the inbred lines behaved differently according to the

tester which they crossed. These results are similar with
those reported by Kustanto et al. (2012), Kamara et al.
(2014), Gamea et al. (2018), Abdel-Moneam et al. (2020),
El-Shamarka et al. (2020) and Ismail et al. (2020).
Significant interaction between LxLoc, TxLoc and
LxTx Loc were obtained for all traits, except TxLoc for
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plant height and ear length. This indicates that the tested
inbred lines, testers and their crosses behaved differently
from one location to another. These results corroborate the
findings of Gamea et al. (2018), Abd El-Aty et al. (2018),
Darshan and Marker (2019), Mohamed (2020) and Mousa
etal. (2021).
Variance Components

The estimates of variances due to GCA, SCA and
their interactions with locations (Table 3) showed that the
SCA variance was higher than GCA variance for all
studied traits, indicating that the non-additive effects had
an important role in the inheritance of these traits. These
results are in harmony with the findings of Abdel-
Moneam et al. (2020), El-Hosary (2020), Mohamed
(2020), El-Shahed et al (2021) and Mousa et al. (2021).

The magnitude of SCAx Loc interaction was
higher than those of GCAx Loc interaction for all
evaluated traits (Table 3). This finding showed that non-
additive type of gene action was more affected by
locations than the additive ones. These results are in
agreement with the findings of Ibrahim et al. (2010), Abd
Allah et al. (2011), Mousa and Aly (2012), Abdel-
Moneam et al. (2014) and Mousa et al. (2021). They
found that the non-additive genetic effects were more
sensitive to environmental changes than the additive
genetic effects. On the other hand, Mousa and Aly (2011)
and Darshan and Marker (2019) reported that the additive
types of gene action were more affected by the
environment than non-additive ones.

Table 3. Line x tester analysis of the F1 topcrosses for all studied traits across two locations

SOV df Days to Plant Ear Ear Ear diameter No.of No. of kernels/ Grain yield
50% silking height (cm)  height (cm)  length (cm) (cm) rows/ear row (ard/fed)
Lines (L) 9 59.77** 1106.03** 827.65** 24.26** 0.63** 8.24** 121.82** 78.46**
Testers(T) 2 2555** 460.44** 240.52** 2.63** 0.66** 5.25** 21.70** 66.63**
LxT 18 36.90** 630.80** 724.16** 9.30** 0.55** 11.23** 33.89** 49.16**
L x Loc 9  17.29%* 705.22** 436.82%* 12.50** 0.89** 3.86** 31.66** 30.03**
T x Loc 2 10.05** 250.61 911.52** 0.47 0.55** 8.11** 23.36** 10.73*
LxTxLoc 18  9.91** 593.38** 327.63** 14.73** 0.63** 343** 66.66** 25.36**
Error 116 148 85.05 41.92 0.53 0.09 0.77 2.85 3.24
K2 GCA 1.06 17.90 12.62 0.33 0.01 0.15 177 1.78
K2SCA 5.90 90.96 113.71 1.46 0.08 174 5.17 7.65
K2 GCA x Loc 0.63 20.15 3242 0.31 0.03 0.27 1.26 0.88
K2 SCA x Loc 2.81 169.44 95.24 4.74 0.18 0.88 21.27 7.37

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

Mean performance

Mean performance of the 30 test crosses and the two
check hybrids TWC 353 and TWC360 for all the studied traits
across two locations are shown in Table 4. The mean values of
days to 50% silking varied from 59.0 (L1xT3) to 66.33 days
(L8xT3) with value of 62.87 days. The crosses L4 x T1, L6 x
T1,L7xTLL9xTL L6x T2, L10x T2, L1 x T3and L4 x
T3 were significantly earlier than check hybrid TWC 353 (the
earliest check) . Regarding plant height the crosses means
varied from 196.67 cm (L1xT3) to 243.67 cm (L8xT3) with
an average of 222.79 cm. Ten top crosses L4xT1, L5xT1,
L7xT1, L6xT2, L9 x T2, L4 x T3, L4 x T3, L5 x T3, L6 x
T3 and L9 x T3 were significantly shorter than check hybrid
TWC 353 (the shortest check hybrid). As for ear height nine
crosses L5xT1, L7xT1, L6xT2, L8xT2, L4xT3, L6xXT3,
L9xT3 and L10xT3 possessed significantly low ear position
compared with the lowest check hybrid TWC353, and the
crosses means ranged from 88.50 cm (L7xT2) to 145.83 cm.
(L8xT3) with an average of 116.94 cm.

Concerning ear length, the cross L8xT3 recorded
the lowest value (13.13 cm), while L3xT1 recorded the
highest value (18.40 cm). Furthermore, the crosses L2xT1,
L7xT2, L1xT3 and L2xT3 significantly surpassed the best
check hybrid (TWC 360). The average of ear diameter was
4.65 cm ranging from 4.10 cm (L9xT1) to 5.22 (L3xT2).
Five crosses L1xT1, L2 x T2, L3 xT2, L7 x T3 and L8 x
T3 exhibited significantly higher values than the best check
hybrid TWC 360. Number of rows/ear differed
significantly among the tested crosses and it ranged from
11.77 (L4xT3) to 16.20 (L4xT2) with an average of 14.42.
Five crosses L1 x T1, L10 X T1, L4 x T2, L7 x T2 and L7
x T3 significantly surpassed the check TWC 353. The

highest number of kernels/row was assigned for L7xT2
(40.50), whereas the cross L9xT2 (27.50) gave the lowest
value. The crosses L7xT2 and L3 xT3 had higher values
than the best check hybrid TWC 360. Grain yield ranged
from 14.33 (ard/fed) for the cross L1xT3 to 25.64 (ard/fed)
for the cross L7xT2 with an average of 18.82 (ard/fed).

Three crosses L8xT1, L7xT2 and L3xT3 expressed
significant and positive superiority percentages relative to
the check hybrid TWC 353 reached to 9.76%, 17.45%, and
13.76%, respectively. While, only the topcross L7xT2
recorded significant positive superiority relative the highest
yielding check hybrid TWC 360 being 11.49%. Hence,
these crosses showed good potential for improving maize
grain yield. Several investigators reported the same results
(Osman 2014; Aslam et al. 2017 and Shushay et al., 2017
El-Hosary et al. 2018, Abdel-Moneam et al. 2020)
General combining ability (GCA) effects

Estimates of general combining ability (g,) effects

of the ten inbred lines and the three testers across the two
locations are shown in Table 5. The results revealed that
three lines i.e., L2, L4 and L6 had negative significant (g4 )

effects for days to 50% silking. In the same vein,
significant and negative (g,) effects of plant height was

recorded by the inbred lines L6, L7 and L10. Furthermore,
inbred lines L4, L5, L6, L7 and L9 seemed to be suitable
combiners for developing lower ear placement hybrids. On
the contrary, the highest significant and positive (g,)

effects were expressed by the inbred lines L1, L2, L3 and
L7 for ear length; L2, L3 and L8 for ear diameter; L1, L7
and L10 for No. of rows/ear; L1, L2, L3 and L7 for No. of
kernels/row and L3, L6 and L7 for grain yield. These
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findings suggested that these inbred lines had favorable
genes, and that improvement in respective traits could be
achieved if they are included in maize hybridization
program. Abd El-Aty et al. (2018), El-Hosary et al (2020),
Gamea (2020) and El-Shahed et al. (2021) reported

desirable and significant that (§,) effects for earliness,
grain yield and its components.

For the testers, the highest significant and desirable
GCA effects were detected from T1 (SC 168) for days to
50% silking, ear height and No. of kernels/row and T3
(TWC-352) for plant height and ear diameter. Horner et al.
(1976), EI- Shenawy and Mosa (2005) and Aly (2013)
suggested the effectiveness of the single crosses as good
testers.

Table 4. Mean performance of the 32 evaluated materials for all the studied traits over the two locations as well as
superiority percentages relative to check hybrids for grain yield trait.

Days to Plant Ear Ear Ear No. of No. of Grain Superiority % for
Cross 50% height Height Length diameter rows kernels yield grain yield

silking (cm) (cm) (cm) (cm) [ear /row (ardffed) TWC-353 TWC-360
L1xT1 63.50 225.50 124.33 14.87 5.10 16.00 38.17 18.50 -15.27**  -19.57**
L2xT1 63.50 239.00 130.00 18.75 4.70 13.23 34.90 21.88 0.19 -4.89
L3xT1 62.00 225.00 124.33 17.60 4.70 12.63 36.80 17.83 -18.32**  -22.46**
L4xT1 58.50 212.50 106.00 15.60 4.60 15.63 36.30 17.27 -20.92%*  -24.93**
L5xT1 64.00 211.67 101.67 15.95 4.30 13.58 35.00 19.44 -10.97*  -15.49**
L6xT1 61.00 225.83 119.17 16.33 4.25 15.43 33.30 21.69 -0.67 -5.71
L7xT1 60.50 196.67 101.67 14.87 4.50 13.67 36.35 21.04 -3.64 -8.53
L8xT1 66.00 226.00 114.50 18.03 4.90 15.00 38.20 23.97 9.76* 4.20
L9xT1 59.00 225.67 120.17 14.43 4.10 14.27 32.65 19.15 -12.28*  -16.73**
L10xT1 65.50 233.33 121.67 15.43 4.67 16.20 34.10 14.75 -32.45**  -35.88**
L1xT2 65.00 243.67 131.50 17.37 4.40 15.77 39.97 16.83 -22.90**  -26.81**
L2xT2 62.00 230.83 120.00 17.20 5.15 14.37 35.80 17.55 -19.64**  -23.72**
L3xT2 63.00 222.50 128.33 16.70 5.22 15.83 38.90 17.67 -19.08**  -23.19**
L4xT2 64.00 231.67 123.33 15.60 4.20 16.20 34.65 18.70 -14.37%*  -18.71**
L5xT2 65.50 235.83 121.67 15.70 4.60 12.27 34.50 16.51 -24.40%*  -28.24**
L6xT2 58.50 204.00 103.00 13.60 4.50 12.97 33.35 15.33 -29.80**  -33.36**
L7xT2 65.00 217.50 120.00 18.10 4.65 16.00 40.50 25.64 17.45*%*  11.49*
L8xT2 66.00 219.00 105.00 14.33 4.50 14.03 35.80 15.23 -30.24**  -33.78**
L9xT2 66.00 21417 114.17 14.20 4.10 14.67 27.50 16.83 -22.90**  -26.81**
L10xT2 61.00 239.17 135.83 14.97 4.60 14.00 32.10 15.85 -27.42%*  -31.10**
L1xT3 58.00 227.50 125.83 18.30 4.80 14.10 37.45 14.33 -34.35**  -37.68**
L2xT3 58.50 226.67 120.00 17.30 4.50 13.47 37.45 15.20 -30.40**  -33.93**
L3x T3 64.67 218.33 125.83 18.52 4.78 14.77 40.27 24.84 13.76** 7.99
L4xT3 59.50 211.67 106.67 15.80 4.70 11.77 3155 19.81 -9.28 -13.88**
L5xT3 64.50 215.00 119.17 14.53 4.90 14.53 33.30 16.00 -26.73**  -30.45**
L6xT3 61.00 205.00 101.67 14.23 4.50 13.90 29.65 22.67 3.82 -1.45
L7xT3 65.00 225.83 115.00 17.23 5.15 16.17 36.80 23.87 9.31 3.77
L8xT3 66.33 237.50 145.83 14.77 5.10 12.50 29.70 19.60 -10.23*  -14.78**
L9xT3 65.00 212.50 107.50 14.77 4.90 13.97 33.70 17.50 -19.87**  -23.93**
L10 xT3 64.00 22417 109.17 15.10 4.35 15.60 34.40 19.20 -12.05%  -16.51**
TWC-353  62.50 227.50 118.00 16.67 4.50 14.67 36.07 21.83 - -
TWC-360  64.83 240.00 122.50 17.00 4.65 15.50 38.17 23.00 - -
LSD 0.05 1.34 10.21 8.56 0.92 0.32 1.01 1.99 2.07 - -
LSD 0.01 1.76 13.42 11.24 121 0.42 1.33 2.61 2.73 - -

Table 5. General combining ability (g,) effects of the ten inbred lines and three testers for all the studied traits

across two locations.

Genotypes Days to Plant height  Ear height Ear length Ear diameter No. of No. of Grain yield
50% silking (cm) (cm) (cm) (cm) rows/ear  Kkernels/row  (ard/fed)
Inbred Lines
L1 -0.70* 9.43** 9.12** 0.84** 0.12 0.87** 3.42%* -2.27**
L2 -1.53** 9.38** 5.23** 1.74** 0.14* -0.73** 0.95* -0.62
L3 0.36 -0.84 8.07** 1.60** 0.25** -0.01 3.55** 1.29**
L4 -2.20%* -4.18 -6.10** -0.34* -0.15* 0.12 -0.94* -0.23
L5 1.80** -1.96 -3.93** -0.61** -0.05 -0.96** -0.84* -1.51**
L6 -2.70** -11.18** -10.16** -1.28** -0.23** -0.32 -3.00** 1.07*
L7 0.63* -9.46** -5.88** 0.73** 0.12 0.86** 2.78** 4.70**
L8 3.24** 4.71* 3.68* -0.29 0.19** -0.57** -0.54 0.78
L9 0.47 -5.34* -4.16** -1.54** -0.28** -0.12 -3.82** -0.99*
L10 0.63* 9.43** 4.12** -0.84** -0.11 0.85** -1.57** -2.22%*
LSD (i) 005 0.56 4.26 2.99 0.34 0.14 041 0.78 0.83
LSD (gi) oo 0.74 5.60 3.93 0.44 0.18 0.53 1.02 1.09
Testers
T1 (SC-168) -0.52** -0.67 -1.75%* 0.18* -0.07 * 0.15 0.47** 0.73**
T2 (SC-176) 0.73** 3.04* 2.18** -0.23* -0.06 0.19 0.20 -1.21%*
T3 (TWC-352) -0.22 -2.37* -0.43 0.05 0.12** -0.34** -0.68** 0.48*
LSD (gi)oos 0.31 2.33 1.64 0.18 0.07 0.22 0.43 0.46
LSD (gi) 001 0.40 3.07 2.15 0.24 0.10 0.29 0.56 0.60

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
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Specific combining ability (SCA) effects

Estimates of specific combining ability ()
effects of the 30 F; crosses for all the studied traits across
the two locations are shown in Table 6. The most desirable
and significant (s,) effects obtained by the crosses;
L4xT1, L7xT1, LOXT1, L9xT1, L6xT2, L10xT2, L1xT3
and L2xT3 for days to 50% silking (towards earliness);
L5xT1, L7xT1, L6xT2 and L8xT2 for plant height
(towards shorter plants); L5xT1, L7xT1, L8xT1, L2xT2,

L6xT2, L8xT2, L6xT3 and L10xT3 for ear height
(towards lower ear placement); L2xT1, L6xT1, L8xT1,
L1xT2, L7xT2, L1xT3 and L3xT3 for ear length; L1xT2,
L2xT2, L3xT2, L7xT3 and L9xT3 for ear diameter;
L4xT1, L6xT1, L8xT1, L10xT1, L3xT2, L4xT2, L5xT3
and L7xT3 for No. of rows/ear; L4xT1, L8xT1, L7xT2,
L2xT3, L3xT3, L9xT3 and L10xT3 for No. of
kernels/row and L2xT1, L8xT1, L1xT2, L7xT2, L3xT3,

Table 6. Estimates of specific combining ability (s,) effects of the 30 F1 crosses for all the studied traits over two

locations.

Cross Daysto50%  Plant Ear height  Earlength Ear diameter No. of No. of Grainyield

silking  height (cm) (cm) (cm) (cm) rowslear  kernels/row  (ard/fed)
L1xT1 1.85** -6.05 -1.14 -2.16** 0.40** 0.56 -0.83 122
L2xT1 2.68** 7.51* 8.42** 0.82** -0.02 -0.60 -1.62* 2.94**
L3xT1 -0.71 3.73 -0.08 -0.19 -0.13 -1.93** -2.33** -3.01**
L4xT1 -1.65** -5.44 -4.25 -0.25 0.17 0.95** 1.66* -2.05**
L5xT1 -0.15 -8.49* -10.75** 0.38 -0.23 -0.03 0.26 1.40
L6xT1 1.35** 14.89** 12.97** 1.43** -0.10 1.19** 0.73 1.06
L7xT1 -2.48** -15.99** -8.81** -2.05** -0.20 -1.76** -2.01** -3.21*%*
L8xT1 041 -0.83 -5.53* 2.14** 0.13 1.01** 3.16** 3.64**
L9xT1 -3.82** 8.89* 7.97** -0.21 -0.20 -0.18 0.89 0.60
L10xT1 2.52** 1.78 119 0.09 0.19 0.79* 0.09 -2.58**
L1xT2 2.10** 8.40* 2.09 0.75* -0.31** 0.28 124 1.49*
L2xT2 -0.07 -4.38 -5.52* -0.32 0.42** 0.49 -0.45 0.55
L3xT2 -0.96 -2.49 -0.02 -0.68* 0.37** 1.23** 0.04 -1.24
L4xT2 2.60** 10.01** 9.15** 0.16 -0.24* 1.47%* 0.28 131
L5xT2 0.10 11.96** 5.32* 0.54 0.06 -1.39** 0.03 0.40
L6xT2 -2.40** -10.66** -7.13** -0.89** 0.14 -1.33** 1.05 -3.36**
L7xT2 0.77 112 5.59* 1.60** -0.06 0.53 2.41** 3.34%*
L8xT2 -0.84 -11.54** -18.96** -1.15%* -0.28* 0.00 1.03 -3.16**
L9xT2 1.93** -6.32 -1.96 -0.04 -0.21 0.17 -3.99** 021
L10xT2 -3.23** 3.90 11.43** 0.03 0.12 -1.46** -1.64* 0.46
L1xT3 -3.95%* -2.35 -0.96 1.41%* -0.09 -0.85* -0.40 -2.70%*
L2xT3 -2.62** -3.13 -2.90 -0.50 -0.40** 0.12 2.08** -3.49**
L3x T3 1.66** -1.24 0.10 0.86** -0.24* 0.70 2.29*%* 4.25%*
L4XT3 -0.95 -4.57 -4.90 0.08 0.08 -2.43%* -1.94** 0.74
L5xT3 0.05 -3.46 5.43* -0.91** 0.18 1.41** -0.29 -1.80*
L6xT3 1.05* -4.24 -5.84* -0.54 -0.04 0.14 -1.77* 2.29**
L7xT3 1.72** 14.87** 3.21 0.45 0.26* 1.23** -041 -0.13
L8xT3 0.44 12.37** 24.49** -0.99** 0.15 -1.00** -4.19%* -0.48
L9xT3 1.88** -2.57 -6.01* 0.25 0.41** 0.01 3.09** -0.81
L10 xT3 0.72 -5.68 -12.62** -0.12 -0.31%* 0.67 1.54* 2.12**
LSD 5% (sij) 0.97 7.38 5.18 0.58 0.23 0.70 1.35 144
LSD 1% (si)) 1.28 9.70 6.81 0.76 0.31 0.93 1.77 1.89

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

L6xT3 and L10xT3 for grain yield. These test-
crosses could be useful in breeding programs as most of
them consisted of at least one high GCA parent for the
concerned traits. Furthermore, it could be important to
obtain synthetic varieties or produced inbred lines (EL-
Hosary, 2020). It's worth noting that crosses with high
SCA effects for grain yield also had high SCA effects for
one or more of its components. For instance, the cross
L8xT1that had high SCA effects for grain yield, also
expressed high SCA effects for ear length, No. of rows/ear
and No. of kernels/row.

Heterotic groups

Heterotic groups estimates based on specific and
general combining ability effects (HSGCA) for grain yield
are shown in Table 7. The results showed that the ten
inbred lines were placed into three heterotic groups. Group
| (tester SC162) consisted of the L3, L4 and L10. While,

group 2 (tester SC167) included the inbreds; L6 and L8.
Moreover, group 3 (tester SC178) contained the inbreds
L1, L2, L5and L9. However, the method was not able to
classify the inbred line L7 in any group. The above results
could be recommended for breeding programs in selecting
the best parents for making crosses. The placement of the
inbred lines into different heterotic groups increased the
chances of developing high vyielding hybrids through
crossing of inbred lines belonging to different heterotic
groups (Legesse et al. 2014). Maximum genetic variability
and hybrid vigor (heterosis) can be exploited by crossing
inbred lines from different heterotic groups. Lu et al.
(2009) pointed out that the crossing inbred lines between
dissimilar groups produces better performing hybrids, as
compared to crossing lines from within groups.
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Table 7. Estimates of heterotic groups using specific
and general combining ability (HSGCA) for
grain yield across two locations.

Inbred lines T1(SC162) T2(SC167) T3(SC178)
L1 -1.05 -0.78 -4.97#
L2 2.32 -0.07 -4.10#
L3 -1.72# 0.05 554
L4 -2.28# 1.08 0.51
L5 -0.11 -1.11 -3.30#
L6 214 -2.29% 3.37
L7 1.49 8.03 4.57
L8 441 -2.38# 0.30
L9 -0.40 -0.78 -1.81#
L10 -4.80# -1.77 -0.10
# means that this inbred line belongs to tester group
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