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Abstract

Three pheno-morphological and yield traits in a set of 15 F1 hybrids of six inbred lines of maize (Zea mays L.)
were produced in 2008 at the Maize Researches Department and evaluated in 2009 at three locations i.e. Agriculture
Scientific Research Center at Hama, Dir Al-Zor and Aleppo. Mean squares of locations, hybrids and hybrids x locations
were significant for all traits, it means that hybrid behavior changed from location to another. Mean squares of general
(GCA) and specific (SCA) combining ability confirmed the high consequence of both additive and non-additive gene
action on the inheritance of these traits. Also, interaction between GCA x locations and SCA x locations were significant
for all studied traits except SCA x locations for plant height and grain yield suggesting that "location" is considered
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as a non-effective factor for declaring SCA effects for plant height and grain yield. The 02GCA/g2SCA ratios showed
that non-additive gene effects played major role in inheritance of grain yield, plant and ear height, while additive gene
effects were the most important in inheritance of silking date. GCA effects showed that the inbred line P4 (IL.358-06)
was a good combiner for grain yield also, SCA effects indicated that the hybrids P4xPs, P4xPs and P2xPe were the best
combinations for grain yield.

Key words: Maize, Half diallel cross, Combining ability, Genetic, Environments interaction.

Introduction

Breeding and releasing high yield maize hybrids are considered important objectives of the national maize breeding
program to increase the national production of maize with the new development in quantitative genetics; new approaches
were used to study the type of gene action responsible for yield heterosis in maize. This information is essential in
planning programs for the development of improved hybrids of maize. Diallel analysis for estimating certain genetic
parameters in terms of gene models has been developed and extensively used by plant breeders (Hayman. 1954 and
Griffing, 1956). Hallauer and Miranda, (1988) discussed the relation between the type of gene action and the selection
efficiency of breeding scheme; they concluded that all systems of selection are fruitful if gene action is entirely additive
effect. The existence of the dominance variance is the justification for hybrid program. These findings support the need
for studying the types of gene action prevailing in the breeding materials. El-Hosary et al., (2001) studied and estimated
general and specific combining ability and its role in the inheritance of grain yield and other agronomic traits. They
found that both GCA and SCA effects were of equal importance in the inheritance of most of the studied traits. The main
objectives of this investigation were to estimate general and specific combining ability effects and their interaction with
locations using a set of 6 x 6 half diallel crosses among newly developed inbred lines for grain yield, silking date, plant
and ear height.

Materials and methods

Six yellow maize (Zea maysL.) inbred lines i.e. IL.155-06 (P1), IL.341-06 (P2), IL.778-06 (P3), IL.358-06 (Pa), IL.267-
06 (Ps) and IL.263-06 (Ps) were isolated at Department of Maize Researches, (G.C.S.A.R), Ministry of Agriculture and
Agrarian Reform, Damascus, Syria. In 2008 season, a half diallel set of crosses were made between the six parental
inbred lines giving a total of 15 F1 crosses. In 2009 season, the fifteen hybrids were evaluated at three locations i.e.
Agriculture Scientific Research Center at Hama, Dir Al-Zor and Aleppo. A randomized complete block design with 3
replications was used in each location. Experimental plot was one raw, 6m long and 70 cm apart. Plants were spaced at
25 cm within ridge and thinned at one plant per hill after about 21 days of planting. Other recommended cultural practices
for maize production were applied during the growing season. Observations and measurements were recorded on 10
guarded plants chosen at random from each plot for the following traits: grain yield (GY), silking date (Silk) plant height
(PH), ear height (EH). The general (GCA) and specific (SCA) combining ability estimates were calculated using Griffing
(1956) method 4, model Il for each studied traits. The o2cca/o2sca ratio is used to reveal the nature of genetic variance
involved, i.e. additive and non- additive effects.

Results and discussion

e Analysis of variance

The analysis of variance for all studied traits under three locations is presented in Table 1. Locations, hybrids, and the
interaction between locations x hybrids mean squares were highly significant for all traits revealing that hybrids varied
in their response to environmental conditions or they were inconsistent over location. However, these hybrids exhibited
significant differences for all studied traits. These results have complied with those obtained by El-Kalla et al., (2001);
Barakat et al., (2003); Hag et al., (2010); EL-Shenawy et al., (2009) and Gessa, (2008). The mean squares associated
with GCA and SCA for all traits under three locations are also presented in Table 1.
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Table 1. Mean squares due to hybrids (H), general (GCA) and specific (SCA) combining ability and
their interactions with locations (L) for studied traits.

S.0.V Silking date Plant height Ear height Grain yield
(day) (cm) (cm) (9)
L 44.36" 5036.30" 531.30" 501.34"
Rep./L 0.70M 173.89 22.04N8 2,95
H 16.51" 769.23" 305.50" 18.37"
GCA 41.54” 1411.30" 451.57" 1041
SCA 2.59" 412.53" 224.35" 22.79"
HxL 3.74" 195.62" 217.80" 30.74"
GCAx L 4.04" 206.04" 121.25" 32.59"
SCAx L 2.15" 36.36"S 113.65" 3.49N8
Error 0.43 67.34 35.33 3.79
02l 0%ca 3.98 0.86 0.27 0.14
C.V% 1.20 4.75 6.81 16.87
Genetic components
0% 9.74 249.68 56.81 3.05
0%ca 2.45 290.08 212.57 21.53
o?, 19.48 499.36 113.62 6.1
o?, 2.45 290.08 212.57 21.53

*** indicated to significant at P= 0.05 and P= 0.01 respectively. 6?A and 2D indicated to additive and dominance gene
action respectively.

Significant mean squares due to both GCA and SCA were detected for all studied traits indicating that both additive
and non-additive gene effects were involved in determining the performance of single cross progeny. However, high
02acA/0%scA ratio, which exceeded unity, was detected for silking date indicating that additive and additive by additive
types of gene action were more important than non-additive gene effects and played the major role in the inheritance of
this trait whereas, additive value was higher than dominance value. This result was in the same line of those reported by
El-Bially, (2003) and EL-Shenawy et al., (2009). On the other side, the ratio of a2cca/a2sca was less than unity for plant
and ear height also, grain yield indicating the prevalence of non-additive gene effects in the genetic control of these traits
whereas, dominance value was higher than additive value for these traits. These results are in agreement with those
reported by Abou-Deif, (2007); Hag et al., (2010); Barakat et al., (2003); Nass et al., (2000) while, EI-Shenawy et al.,
(2009) mentioned that non-additive gene effects were more important in inheritance of grain yield. The GCA x locations
and SCA x locations interactions were significant for all studied traits except SCA x locations interactions for plant
height and grain yield. Generally, the significant interactions between locations and GCA or SCA for the studied traits
indicated that the behavior of these traits would be different from one location to another. However, insignificant variance
interactions with locations indicated that estimated variance was consistent over locations. These were detected at the
SCA x locations interactions for plant height and grain yield, suggesting that locations is considered as non-effective
factor for declaring SCA effects for plant height and grain yield. The magnitude of the interaction was higher for the GCA
x locations than the SCA x locations for all studied traits indicating higher sensitivity of GCA to locations than that of
SCA for these traits. These results agree with those obtained by El-Hosary et al., (1990 and 1994); EI-Shenawy et al.,
(2009) and Gessa (2008) also, Bello and Alaoye, (2009) reported that GCA x environment interaction was larger than
SCA x environment interactions for grain yield. On the other hand, Sadek et al., (2000) and Zelleke, (2000) stated that
SCA x environment interaction was significantly larger than the GCA x environment interaction. Also, Bello and Alaoye,
(2009) and Hefny (2010) found that SCA x environment interaction was significantly larger than the GCA x environment
interaction for silking date and/ or plant height and grain yield.
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e General and specific combining ability effects
The estimates of general combining ability effects (i) of the parental inbred lines are presented in Table 2.

Table 2. Estimates of general combining ability effects for studied traits under three locations.

. Silking date Plant height Ear height Grain yield

Inbreed lines ( dgy) (cm) 9 (cm)g (g;,
P, -2.000" -8.657" -2.454" 0477

P, 0.944" 0.648 2.546" -0.173

P, 0.056 3.009° -1.065 0.734

P, -0.083 -5.880" -5.231" 0.724

P, 0.917" 2.454 1.991° 0.056

P, 0.167 8.426" 4.213" -0.349

SE ., 0.099 1.248 0.904 0.296

P1, P2, P3, P4, Ps and Ps denote to IL.155 - 06, IL.341 - 06 , IL.778 - 06, IL.358 - 06, IL.267 - 06 and IL.263 - 06 respectively.
*, ** indicated to significant at P= 0.05 and P= 0.01 respectively.

Positive GCA effects were desirable for all studied traits, except for silking date where, negative ones indicate
tendency towards ear lines. Maize breeder preferred moderate plant height hybrids with low ear placement consequently,
negative (§i) effects are also preferable for ear height therefore, it might be more resistance to stalk breakage and
lodging. However, general combining ability effects (gi) in Table 2 showed that for silking date, the parental inbred lines
P1  (-2.000) exhibited negative and significant GCA effects (desirable value).

Table 3. Estimates of specific combining ability effects for studied traits under three locations.

hybrids Silk(igagyglate Plarzzltlntiight Eari::li)ght Grai(ng;(ield
P,xP, -0.100 0.083 -6.833" 0.715
P,xP, 0.789" -1.722 -1.556 -0.168
P,xP, -0.628" 2.167 0.944 -0.369
P, xP, 0.039 6.611" 4.833" 0.404
P,xP, -0.100 -7.139" 2.611 -0.582
P,xP, -0.156 -5.472 1.778 -0.753
P,xP, 0.650" -7.694" 0.389 -1.708"
P,xP, -0.128 2.306 -2.389 0.330
P,xP, -0.267 10.778" 7.056" 1.416”
P,xP, -0.017 4.944 4.556" -0.816
P, xP, -0.017 1.056 1.778 1.007°
P, xP, 0.600" -1.194 6.556" -0.731
P,x P, -0.433 -2.278 -3.500 1.359"
P, xP, 0.428 2.861 -2.389 1.534"
P, x P, 0.539" -7.694" -0.722 -3.099”
SE 0.168 2119 1.535 0.502

P1, P2, P3, P4, Ps and Ps denote to IL.155 - 06, IL.341 - 06 , IL.778 - 06, IL.358 - 06, IL.267 - 06 and IL.263 - 06 respectively.
*, ** indicated to significant at P= 0.05 and P= 0.01 respectively.
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For plant height, the parental inbred lines Ps (8.426) and P3 (3.009) showed positive and significant GCA effects
(desirable value). Regarding to ear height, the parental inbred lines P4 (-5.231), P1 (-2.454) and P3 (-1.065) showed
negative and significant GCA effects (for P4 and P1) toward lower ear placement. With respect to grain yield, the
parental inbred lines P4 (0.724) had desirable significant GCA effects toward producing more grain yield. The above
mentioned results revealed that the parental inbred lines P4 and P1 possessed favourable breeding estimates (good
combiner) and it could be used as breeding materials in hybrids breeding program. Estimates of specific combining

ability effects (Si) for the F1's crosses are presented in Table 3. For silking date two hybrids (P1xP4) (-0.628) and
(PaxPs) (-0.433) out of 15 hybrids exhibited negative and significant SCA effects. For plant height, three hybrids had
positive and significant SCA effects (desirable estimates) i.e. (P1xPs) (6.611), (P2xPs) (10.778) and (P3xPa4) (4.944).
Regarding ear height negative and significant SCA effects (desirable estimate) was obtained by hybrid (P1xP2) (-6.833).
For grain yield positive and significant SCA effects were obtained by hybrids (P2xPs) (1.416), (P3xPs) (1.007), (P4xPs)
(1.359) and (P4xPs) (1.534).

Conclusion
It can be concluded that non-additive gene effects contribute a major role in inheritance of grain yield, plant and ear
height while, additive gene effects were the most important in inheritance of silking date trait.
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