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Abstract

half diallel mating scheme at Gemmeiza Agric. Res. Stn. in

2009 season. In 2010 season, the resuiting 15 crosses along
with three check hybrids.; SC 10, SC 128 and SC 129 were
evaluated at Gemmeiza and Mallawy Agric. Res. Stations. General
combining ability (GCA) and specific combining abiiity (SCA) effects
were estimated according to Griffing (1956) model 1, method 4.
Location mean squares were highly significant for ear diameter and
100-Kernel weight, while crosses and cross x location interaction
mean squares were highly significant for all traits. Mean squares
due to GCA and SCA were significant revealing that both additive
and non-additive types of gene effect were involved in the
inheritance of the studied traits. GCA/SCA mean square exceeded
the unity for no. of rows ear’ at Mallawy and combined data, no.
of kernels row! at Gemmeiza and grain yield at Gemmeiza and
combined data, indicated the predominance of additive (a) and
(aa) gene effects in the genetic variance of these cases, while the
same ratio mean squares were less than unity for the rest of the
cases indicating that non-additive genes played an important role
in the inheritance of these traits. 'P3’ was considered as a good
general combiner for 100-kernel weight at Gemmeiza. The cross;
P2 x P5 had significant inter-and intra-allelic interactions for no. of
kernels row™, 100-kernel weight and grain yield at both locations.
The crosses; P2 x P5, P3 x P4 and P3 x P6 were superior to the
three check hybrids for 100-kernel weight and grain yield.

S ix white maize (Zea mays L.) inbred lines were crossed in a

Keywords: Zea mays L., GCA, SCA, diallel crosses, gene effect.

INTRODUCTION

Maize (Zea mays L.) is one of the three most important cereal crops in Egypt.

It can play major role in decreasing the short of grain supply. It is grown in about 2.0

million feddans (one feddan = 4200 m?) which produce about 6.7 million t of grain

with an average of about 24 ard. fed.” (one ardab = 140 kg). Therefore, the strategy

of maize breeding programs aims to increase production through release new high-

yielding hybrids.

Diallel mating design has utility as a method to crosses or parents with

crosses for general combining ability (GCA) due to additive type of gene action and

specific combining ability (SCA), (Griffing, 1956).

Diallel analysis has been used primarily to estimate general and specific

combining ability effects from crosses of fixed set of parent. Hallauer and Miranda
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(1981) stated that both GCA and SCA effects should be taken into consideration when
planning for maize breeding programs to produce and release new inbred lines and
crosses. Several investigators studied the general and specific combining ability and
their role in the inheritance of grain yield, yield components and agronomic
characteristics.

The conventional crop breeding methodology mainly depends upon the
development of inbred lines from open pollinated cuitivars or other heterogeneous
sources and the evaluation of these lines through different techniques and the
selection of the best hybrids for commercial use.

Griffing (1956) gave a complete analysis of diallel crosses for fixed and
random set of parents. El-Shamarka (1995), Mostafa et al. (1996), Abd EI-Aty and
Katta (2002) and Ibrahim et al. (2010) reported that specific combining ability effects
were much more important in the inheritance of grain yield and its components.
Meanwhile, EI-Hosary et al. (1999), Abd Ei-Moula (2005), Derera et al. (2008), Vivek
et al. (2010) and Sibiya et al. (2011) reported that general combining ability was-more
important in determining vyield and other characters. EI-Hosary and Sedhom (1990),
Mohamed (1993) and Sedhom (1994) concluded that the additive genetic variance
was more affected by genotype x environment interaction than the non-additive one
for grain yield per plant. On the contrary, Nawar et al. (2002), EI-Hosary et al. (2006)
and Sedhom et al. (2007) reported that the non-additive effects were more affected
by the interaction with environments than the édditive effects for grain yield. The
present study was planned to: 1) obtain information on relative importance of generat
and specific combining ability for maize grain yield, and some agronomic traits and 2)

to identify the best promising crosses.
- MATERIALS AND METHODS

Six white maize (Zea mays L.) inbred lines with a wide range of diversity for
several traits (Table 1) were crossed in a half diallel mating scheme in 2009 season at
Gemmeiza Agric. Res. Station giving a total of 15 crosses. In 2010 season, these 15
crosses along with three commercial check hybrids; i.e., SC10, SC128 and SC129;
were evaluated in a randomized complete block design experiment with four
replications at two locations, i.e. Gemmeiza and Mallawy Agricultural Research

Stations, representing Delta and Upper Egypt regions, respectively.
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Table 1. Name and pedigree of the six white inbred lines.

Parent Name Pedigree
Py Gm. 80 (AED.)
P, Gm. 140 (Tep. # 5)
P3 Gm. 150 (Gm.W.Pop.)
P4 Gm. 152 (Laposta)
Ps Gm, 165 (Gz, 2~ Ev. 60)
Ps Gm, 210 (Tuxpino)

The experimental plot was one ridge of 6-m length and 0.80-m width. Sowing
was done in hills evenly spaced by 25 cm at the rate of two kernels per hill on one
side of the ridge. Seedlings were thinned to one plant per hill. Agricultural practices
were applied as recommended for maize cultivation. Data were recorded for ear
diameter (cm), number of rows ear*, number of kernels row™, 100-kernel weight (g)
and grain yield (ard. fed.™) adjusted to 15.5% moisture content. Analysis of varianée
for randomized complete block design was performed according to the method
outlined by Snedecor and Cochran (1967) for each location, and for the combined
performance across locations.

The L.S.D. test at 0.05 and 0.01 level of probability according to Steel and
Torrie (1980) was used for comparisohs of the mean performance of genotypes.
General GCA and specific SCA combining ability effects were estimated according to
Griffing (1956) model I, method 4. Superiority percentage for all characteristics under
study was computed for individual crosses as the percentage of increase of each cross
relative to the three checks as follows:

Superiority over check [(Flv- check) / check ]x 100

The value of F;-check compared with least significant difference (L.S.D) at 0.05 and
0.01 levels of probability was used to determine level of significance where:

L.S.D .05 =toos 2M.S error
001 o001 *_r—_

RESULTS AND DISCUSSION

The analysis of variance for the five studied traits, in each location and their
combined data are presented in Table 2. Results indicated that location mean squares
were significant for ear diameter and 100~kernel weight. This result revealed overall
differences between the two growing locations.
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Significant differences were detected among the crosses for all traits in each
location performance as well as the combined performance with one exception, i.e.,
at Gemmeiza for ear diameter, indicating wide diversity between the crosses used in
this study. Highly significant mean squares of crosses x locations interaction were

‘found for all traits, except for ear diameter indicating that the crosses responded
differently from location to another for most traits. These results are in agreement
with those reported by El-Shamarka (2000), Ogunbodede et al. (2000), Osman et al.
(2012), Abd El-Mottalb and Gamea (2014), Mousa (2014) and Osman (2014).
Combining ability |
Analysis of variance

Analyses of variance of combining ability, as outlined by Griffng (1956) model
1, method 4, at each location and their combined data for all traits are shown in Table
3. Mean squares associated with GCA and SCA were significant for most traits at both
locations as well as the combined performance, except for mean squares associated
with GCA for ear diameter, combined data and no. of rows ear? at Gemmeiza. Mean
squares associated with SCA were significant for all traits, except for ear diameter at
Gemmeiza and the combined analysis and no. of rows ear® at Mallawy and the
combined analysis.

The GCA/SCA mean square ratio was more than unity for no. of rows ear” at
Mallawy and the combined data, no. of kernels row' at Gemmeiza, grain yield at
Gemmeiza and the combined analysis. These results indicated the importance of
additive and additive x additive gene action in the inheritance of these traits. These
results were in agreement with those reported by El-Shamarka (2000), Ogunbodede
et al. (2000), Osman et al. (2012), Abd El-Mottalb and Gamea (2014), Mousa (2014)
and Osman (2014).
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On the other hand, the ratio of GCA/SCA mean squares was less than unity
for ear diameter at Mallawy and the combined data, no. of rows ear at Gemmeiza,
100-kernel weight at both locations and their combined analysis and grain yield (ard.
fed.™) at Mallawy, indicating the predominance of the non-additive genetic variance in

" the inheritance of these traits. However, the ratio of GCA/SCA was equal one for no.
of kernels row! at Mallawy, indicating that both additive and non-additive gene
effects were involved in the inheritance of the trait.

The ratio of GCA x Loc./SCA x Loc. mean squares exceeded the unity for no.
of kernels row! and grain yield (ard. fed.™), indicating that the additive and additive x
additive gene effects were more affected by locations than the non-additive effects for
these traits. However, the same ratio was less than unity for no. of rows ear’ and
100-kernel weight, indicating that non-additive gene effects interacted with locations
more than the additive effects for these traits. _

The ratio of GCA x Loc.1/GCA xLoc.2 mean squares was more than unity for
all traits, except ear diameter and no. of rows ear’’, indicating that the first location
(Gemmeiza) was more suitable for estimating additive and additive x additive genetic
variance than the second one (Mallawy). The opposite case would be concluded for
the rest of the studied traits where the ratio was less than one.

The ratio of SCA x Loc.1/SCA xLoc.2 mean squares was more than unity for
no. of rows ear?, no. of kernels row™, 100-kernel weight and grain yield (ard. fed.),
indicating that the first location (Gemmeiza) was more favorable for estimating non-
additive genetic variance than the second one (Mallawy) for these traits, the opposite
would be concluded for the rest of the studied traits where the ratio was less than
one, )

The above-mentioned results were in the same trend with those reported
by Dawood et al. (1994) where they found that SCA x location interaction mean
squares were higher than GCA x location interaction, indicating that non-additive gene
action was more interacted with locations than additive one for all traits. EL-Shamarka
(1995) found that the ratio of GCA x N/SCA x N was more than unity for ear diameter,
no. of rows ear’, no. of kernels row™, ear and grain yield (ard. fed.). Mosa et al.
(2006) indicated that the magnitude of GCA x location interaction was higher than
that of SCA x location interaction, indicating that additive gene action appeared to be
more affected by environments than non-additive one. Motawei (2006) found that
mean squares due to GCA x loc. were higher than those due to SCA x Loc. for all the
studied traits, indicating that the additive gene action was more affected by
environments than non-additive one. Abd El-Mottalb and Gamea (2014) found that,
the ratio of SCA x L/SCA was higher than that of GCA x L/GCA for most traits. Mousa
(2014) reported that the magnitude of SCA x L interaction mean square was larger
than GCA x L ones for all traits and Osman (2014) found that the magnitude of the
interaction variance was higher for GCA x L than SCA x L for all studied traits.
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General combining ability effects (g")

Estimates of general combining ability effects of the six white maize inbred
lines for the five studied traits at Gemmeiza and Mallawy and the combined
performance are shown in Table 4. The first inbred line (P,) was considered as a
good combiner for no. of kernels row™ at Gemmeiza. The inbred line (P,) behaved as
a good combiner for grain yield (ard. fed.™) at Mallawy according to its significant
effects (g")). The inbred line (Ps;) had high significant effects (g") in the positive
direction for 100-kernel weight and grain yield (ard. fed.™) at the two locations and
their combined data and no. of kernels row™ at Mallawy. The inbred line (P,) had
significant effects (g")) in a positive value for no. of kernels row™ at Gemmeiza. The
inbred line (Ps) was considered as a good combiner for no. of kernels row™” at both
locations and their combined data, for no. of rows ear at Mallawy and the combined
analysis, and for weight of 100-kernels at Gemmeiza and the combined data, hence
exhibited high significant positive effects (g™;) at all mentioned cases. Inbred line (Pg)
did not show any significant (g";) effects for any of the traits at either Igcation,
accordingly was considered as a poor combiner. Meanwhile, the inbred lines "(>P3) and
(Ps) were cansidered as good combiners for grain yield and some of its components.
These results are in good agreement with those reported by Zellake (2000), Singh et
al. (2002), Barakat et al. (2003), Singh et al. (2010), Osman et al. (2012), Abd El-
Mottaib and Gamea (2014), Mousa (2014) and Osman (2014), where they came up
with similar conclusions with different genetic materials.

Specific combining ability effects (s";)

Estimates of specific combining ability effects (s™;) of the crosses for all traits
at separate locations and their combined performance are presented in Table 5.
Desirable significant effects (s";) were detected for all traits. For ear diameter, the
crosses (P; x Pg) avnd (Ps x Py) expressed desirable significant (sAij) at Mallawy only.
For number of rowé ear’, the crosses (P2 X Pg), (P2 x Ps5) and (P; x Ps) expressed
desirable significant (sA-.,-) at only Gemmeiza, for number of kernels row’, the crosses
(P1 X Pg), (P, x Ps) and (P4 x Ps) showed positive significant (s™;), at both Gemmeiza
and Mallawy and their combined performance, meanwhile, the crosses (P; x P;) and
(P, x Ps ) exhibited similar significant positive (s”;) for same trait but only at
Gemmeiza. Regarding 100-kernel weight, only cross (P, x Ps) showed significant (sAi,-)
in the positive direction af both locations and combined performance, while three
c‘rosses; (Py x P3), (P3 X P4) and (P, x Ps) exhibited significant positive (sAij) at one of
either locations in addition to the combined performance. Also, four crosses expressed
significant desirable (s”;) at only one of either locations; i.e. (P, x P;), (P3 x Pg) and
(Ps x Pg) at Gemmeiza, and (P; x P,) at Mallawy.
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Regarding grain yield (ard. fed.?), the crosses; (P; x P3), (Px Ps) and (Ps x
Ps) exhibited high significant (s™;) in the positive direction at both locations, while the
crosses (Pi;x P4) and (Ps x P4) at only Gemmeiza and the crosses (P; x P;), (P1 x Pe)
and (P4 x Ps) at only Mallawy expressed significant (s";) in positive direction for the
trait in view. These results were in good agreement with those reported by Barakat et
al. (2003) where they obtained positive and significant (sA.j) for grain yield, Kabdal et
al. (2003) who identified five single cross hybrids as potential cross combinations
based on their high (s”;) for no. of kernels row™, 100-kernel weight and grain yield.
Singh and Roy (2007) showed hybrids with high (s™;) for grain yield and other traits;
Osman et el. (2012) found that six crosses had significant or highly significant positive
(s"y) for grain yield; Abd El-Mottalab and Gamea (2014) reported that five crosses
showed significant positive (sAij) for grain yield; and Osman (2014) found that the
best (s“;j) for grain yield was obtained by the single cross P; x P,.

Superiority percentage

Superiority of the crosses over the three checks (5.C 10, S5.C.128 and S.C.129)

relative to the average of the two locations is presented in Table 6. Results revealed
that none of the 15studied crosses had significant superiority relative to any of the
three check hybrids for ear diameter, with one exception of the cross (P; x Pg), which
was superior to the check hybrid (S.C.10). <

For no. of rows ear’, the crosses (P; x Ps) and (Ps x Pg) were significantly
superior to the check hybrid (S.C.10). Regarding no. of kernels row™, the cross (P4 x
Ps) showed superiority over the three check hybrids, while the cross (P; x Pg) was
superior to two of the check hybrids, i.e. (5.C.128) and ( S.C.129); and the crosses
(P2 x Ps) and (P3 x Ps) were superior to only the check hybrid (S.C.129).

For 100-kernel weight, four crosses; (Py;x P3), (P2 x Ps), (P3 x P4) and (P3 x Pg)
exhibited superiority‘ over the three check hybrids (S.C.10, -S.C.128 and S.C.129),
whereas the cross (P4 x Ps) showed superiority over the two check hybrids (5.C.128
and 5.C.129).

With regard to grain yield, seven crosses; i.e. (P;x P3), (P2 X P3), (P2 x Ps), (Ps.
x P4), (P53 x Ps5), (P3 x Ps). and (Ps x Pg) were significantly superior to the three check
hybrids used in the study. The values of superiority percentages ranged from 10.2 to
20.7% over the check hybrid S.C.10, from 15.8 to 26.9% over the check hybrid
S.C.128 and from 13.9 to 24.8% over the check hybrid S.C.129. These crosses could
be used as commercial hybrids for maize production after conducting more yield trials
at several locations. These results were in good agreement with those reported by EL-
Kielany (1999), Rana and Kumar‘(2001), Hammouda (2002), Singh et al. (2002),
Unay et al. (2004) , EL-Hosary and EL-Badawy (2005), who compared their crosses
with check cultivars and camé out with similar conclusions. Abd El-Mottalab and
Gamea (2014) pointed out that four crosses had significant superiority percentages
over the check hybrid SC 10 and two crosses showed higher mean values than the

highest yielding check hybrid SC 128.
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