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Abstract

crossed in a half diallel mating scheme at Gemmeiza

Agric. Res. Stn. in 2009. In 2010, the resulting 15
crosses along with three check hybrids; SC 162, SC 164 and
SC 166 were evaluated at Gemmeiza and Mallawy, where
GCA and SCA effects were estimated: Location and crosses
mean squares were significant for all traits except for no. of
rows earl. Significant cross x location interaction mean
squares were recorded for all traits, except for ear diameter
and no. of rows ear’. The mean squares associated with
GCA and SCA were significant for all traits at both locations
and also in the combined analysis, indicating that both
additive and non-additive gene effects were involved in the
inheritance of the traits. The ratio of GCA/SCA mean squares
exceeded the unity for no. of rows ear and no. of kernels
row’ at the two locations and their combined analysis.
However, the same ratio was less than unity for ear
diameter, 100-kernel weight and grain yield fed. at the two
locations and their. .combined analysis, indicating that
additive (a) and (aa) gene effects play an important role in
the inheritance of the traits in the first case and non-additive
was predominant in the second one. The ratio of GCA x
L/SCA x L mean squares was less than unity for ear
diameter, 100-kwt-and grain yield fed.”, indicating that non-
additive genes were more interacted with location than
additive ones for the traits in question, while the same ratio
exceeded the unity for no. of rows ear’ and no. of kernels
row™, indicating that additive (a) and (aa) changed with
changing the environments. The parental genotype (P2) was
a good general combiner for no. of kernels row™ and 100-
kwt at Gemmeiza, while P4 was considered as a good
general combiner for no. of rows ear’ and 100-kernel
weight at Mallawy and for no. of kernels row™ at Gemmeiza.
The same parental genotype performed as a good generai
combiner for ear diameter, no. of rows ear' and grain yield
fed.? at Mallawy. The crosses; P1 x P3 and P5 x P6 had
significant inter- and intra-allelic interactions for ear
diameter at both locations and their combined data, no. of
kernels row? at Gemmeiza and combined data and grain
yield fed. at Mallawy. Moreover, the crosses; P1 x P2, P2
x P4, P3 x P6 and P5 x P6 surpassed the three check

S ix yellow maize (Zea mays L.) inbred lines were

hybrids with respect to grain yield.

Keywords: (Zea mays L.), GCA, SCA, gene effect, Diallel

Cross.
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INTRODUCTION

Maize (Zea mays L.) is one of the major cereal crops in Egypt and the world.
The grown aréa of maize in Egypt is about 1.6 million fedden in 2010 season with an
average production of 24 ardab fed.™ (one feddan = 4200 m? and one ardab=140 kg)

“according to National Maize Program. It is used mainly for animal feed and domestic
consumption. The main goal of the breeders is to develop new maize cultivars, which
éould be achieved by estimating heterosis and combining ability for maize genotypes
under different environments. Sprague and Tatum (1942) were the first scientists
defined general and specific combining ability. Hallauer and Miranda (1981) concluded
that improving inbred lines increased grain yield and modified maturity.

Yield and yield components are of great importance for dealing with the
inheritance of such traits to assist maize breeders and geneticists to plan convenient
breeding programs for increasing yield potential. The diallel mating design has been
used and abused- more 'extensively than any other designs in maize and othgr plant
species to determine the combining ability of various genotypes. After these’ ;teps of
evaluation, the breeder can exploit both additive and non-additive gene action
available, which helps to plan the suitable breeding program via the proper breeding
method. Therefore, the main objectives of the present investigation were to study and
determine: a) combining ability and interaction with environment, b) the type of gene
action controlling the inheritance of the studied traits and ¢) identify the superior
crosses, which surpass the check cuitivars.

MATERIALS AND METHODS

Six yellow (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 as hybrid seeds. In 2010
season, these 15 crosses along with three -commercial check hybrids; i.e., (S.C 162,
S.C 164 and S.C 166); 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 yellow inbred lines.

No. of parent Name Pedigree
P, Gm. 101 Pool- 22 -622
P, Gm. 102 Pop. 146 -66
P3 Gm. 104 Pop. 31-69
P4 Gm. 207 (Comp # 21)
Ps Gm. 215 (Comp # 45)
P Gm. 230 (Gm.Y.Pop.)

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 executed as recommended for maize cultivation. Data were recorded for ear
diameter (cm), numbgr of rows ear?, number of kernels row™, 100-kernel weight (g)
and grain yield (ardab fed.?) adjusted to 15.5% moisture content. Analysis,, of
variance for randomized complete block design was performed according to the
method outlined by Snedecor and Cochran (1967) and used for each location, and
then combined performance across locations.

The L.S.I_D. test at 0.05 and 0.01 level of probability according to Steel and
Torrie (1980) was used for comparisons of the mean performance of different
genotypes. General (GCA) and specific (SCA) combining ability effects were estimated
according to Griffing (1956) model 1, 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.
Superiority over check [(F, - 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 to determine the level of significance where:

LS.D 05 =toos fZM.S Crror
0.01 0.01 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 all studied traits, except for no. of rows ear’, indicated overall

differences between the two locations.
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Significant differences were detected among crosses for all traits in each
location as well as the combined data except for Gemmaiza location for no. of rows
ear’!, indicating wide diversity between the crosses used in this study. Significant
crosses x locations interaction mean squares were obtained for all traits, except for
ear diameter and number of rows ear'. These results indicated that the tested

- crosses changed its ranking from the first location to the second. These results were
in harmony with those reported by Venugopal, et. a/. (2002), Mosa (2003), Osman et.

al. (2012), Abd El-Mottalb and Gamea (2014) and Mousa (2014).

Combining ability

Analysis of variance

Analysis of variance for combining ability as outlined by Griffng (1956) model-

1, method 4 in each locatioh and their combined data for studied: traits are shown in
Table 3. The mean squares associated with (GCA) and (SCA) were significant for all
studied traits in both locations as well as the combined analysis. Insignificant mean
squares of GCA were detected for ear diameter and grain yield at Gemmeiza‘f while
insignificant mean squares of SCA were detected for no. of rows ear’ at Gemmeiza
and at Mallawy for no. of kernels row™. The ratio of GCA/SCA mean squares was less
than unity for ear diameter, 100-kernel weight and grain yield (ard. fed.™) at the two
locations and their combined data, indicating the importance of non-additive gene
action in the inheritance of these traits. These results were in agreement with those
reported by Venugopal, etf. a/ (2002), Mosa (2003), Mosa and Arﬁer (2004), Singh
and Roy (2007), Akbar ef. al (2008), Osman et al. (2012), Abd El-Mottalb and
Gamea (2014) and Mousa (2014). On the other hand, the ratio of GCA/SCA mean
squares exceeded the unity for no. of rows ear® and no. of kernels row™ at the two
locations and their combined analysis. This would indicate that additive and additive x
additive gene effeéts played an important role in the inheritance of the traits in view.
Nigussie and Zelleke (2001), Yousif et. a/. (2003), Abd El-Hadi et. a/. (2005), Soliman
et, al. (2005) and Motawei (2005) came up to the same conclusion. The ratio of GCA
X location/SCA x location mean squares was less than unity for ear diameter, 100-
kernel weight and grain yield (ard. fed.), indicating that non-additive genes were

more interacted with location than additive ones for the traits in question.

L
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On the other hand, the same ratio exceeded the unity for no. of rows ear™
and no. of kernels row, indicating the importance of additive and additive x additive
gene effects with changing the environments for these traits. However, Dawood et. al.
. (1994) found that SCA x location interactions were higher than GCA x locations,
indicating that non-additive gene action was more interacted with location than
additive one. Mosa (2003) found that additive gene action was more interacted with
locations than non-additive due to exceeding the ratio of GCA x location/SCA x
focation than unity. EL-Shenawy (2005) found that the ratio of SCA x location/GCA x
location mean squares was more than unity for ear diameter indicating that non-
additive genes were more interacted with environments than additive one for this
trait, Motawei (2006) indicated that mean squares due to GCA x location were higher
than those due to SCA x location interaction for all traits, indicating that additive gene
effects was more affected by the environmental conditions than non-additive gene
action and Mousa (2014) stated that the magnitude of SCA x focation interaction was
larger than GCA x location for all traits. (The ratio of GCA x loc.1/GCA x log.2 mean
squares was less than unity for grain yield (ard. fed.?), indicating that additive and
additive x additive gene effects more interacted with Mallawy location than do with
Gemmeiza location for these traits. The opposite case was observed for ear diameter,
no. of rows ear’, no. of kernels row™ and 100-kernel weight, where the same ratio
was more than one, indicating that additive and additive x additive gene effects more
interacted with Gemmeiza location than do with Mallawy one for the traits in
consideration. The ratio of SCA x loc.1/SCA x loc.2 mean squares was less than unity
for no. of rows ear’ and grain yield (ard. fed.), indicating that non-additive genes
wefe more interacting with Mallawy than with Gemmeiza for the above-mentioned
traits, while, ear diameter, no. of kernels row® and 100-kernel weight were more
affected by non-additive genes at Gemmeiza than at Mallawy (where the same ratio
exceeded the unity).

b. General combining ability effects (g").

Considering ear diameter, desirable significant (g")) was detected for Py at
Mallawy only (Table 4). The inbred lines; P, and Pg exhibited desirable significant (g™)
under Mallawy for number of rows ear'. For number of kernels row?, the highly
significant (g";) was detected under Gemmeiza for the inbred lines (P, and P,), while
the inbred line (P;) had high significant (g";) for the trait in view at Mallawy.

Considering 100-kernel weight, desirable significant (g";) was detected for P,
and P, at Gemmeiza and P, at Mallawy. For grain yield, the inbred line Ps showed
desirable and high significant (g";) under Mallawy and the combined analysis, while

the inbred line P, was considered as good combiner at Mallawy for the trait in view.
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Snecific combining ability effects (s";)

Specific combining abflity effects (s";) of the crosses for all traits at separate
locations and their combined are presented in Table 5, For ear diameter, the crosses;
(P1 x P3) and (Ps x Ps) showed significant positive values of (s";) at the two locations
and the combined analysis. For no. of rows ear’?, the crosses; (Py x P3) and (P4 x Pg)
showed high significant positive values of (s™y) at Mallawy. The crosses; (P; x P3), (Pix
Ps) (P3 X P4), (P4 x Ps) and (Psx Pg ) showed significant positive values of (s”;) for no.
of kernels row™ at Gemmeiza and combined analysis. For 100-kernel weight, the
cross; (Py x Ps) at the two locations and their combined data; the crosses; (P, x Pg),
(P2x P3) and ( P, x P4) at Gemmeiza and the combined analysis and the crosses; (P,
X P3), (P3 x P;) and ( P; x Ps ) at Mallawy exhibited significant (s™y) in positive
direction for the trait in question. The cross; (P; x P,) at the two locations and the
crosses; (Py x Py ), (P x Py ), (P3x Pg ) and (Psx Ps) at Mallawy showed high
significant (s";) in positive direction for grain yield. These results were in good
agreement with those obtained by Zelleke (2000), Barakat et. a/. (2003) and Kabdalm
et. al. (2003), Osman et. al, (2012), Abd El-Mottalb and Gamea (2014), Mousa (2014)
and Osman (2014).
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4 - Superiority percentage

» The superiority over the three checks (S.C. 162, S.C. 164 and S.C. 166)
relative to the average of the two locations is presented in Table 6. For ear diameter,
three crosses out of fifteen ones i.e., (P, x P4}, (P4 x Ps) and (Ps x Pg) exhibited their
superiority relative to the check cultivar (S.C.162), where the values of these crosses
were significant in positive direction. With regard to no. of rows ear, the cross; (P4 X
Ps) was significant in positive superiority percentage over the three checks, while the
crosses; (P, x P4), (P; x Pg), (P4 x Pg) and (Ps x Pg) was significantly increased in rows
ear! than the check cultivar (S.C.162). For no. of kernels row, all the significant
values of superiority percentage were in negative direction, which means that no. of
kernels row™ of the cross-plant was significantly less than that of the check cultivars.
Concerning 100-kernel weight, the crosses; (P; x Ps) and (P; x Pg) exhibited its
superiority over the check cultivars (S.C.162 and S.C.166) for the trait in view. For
grain yield, the results pointed out that, the crosses; (P, x P,), (P.x P,), (P;3 x Pg) and
(Ps x Pg) had its superiority percentage over the three checks, where its values- were
highly significant in positive direction and the crosses; (P;x P;), (P, x P3) and (P4 x Ps)
significantly exceeded grain yield than the two checks i.e., (S.C.164) and (S.C.166).
However, all crosses had superior percentage in grain yield over the check cultivar
(5.C.164). Results were in good agreement with those reported by EL-Kielany (1999),
Rana and Kumar (2001), Hammouda (2002), Singh et. a/. (2002), Unay et. a/ (2004),
EL-Hosary and EL-Badawy (2005), Mousa (2014) and Osman (2014). They compared

their crosses with check cultivars and came up to the same conclusions.
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