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ABSTRACT

A line x tester set of crosses, involving five bread wheat
genotypes, were used to investigate the nature and magnitude
of gene effects controlling the inheritance of SDS-sedimentation
volume, protein content and grain yield attributes and to
determine their general combining ability (GCA) and specific
combining ability (SCA) of these studied traits. The study
revealed sufficient variation among the genotypes (parents and
hybrids) for these traits, The data suggested that the expression
of measured traits in the hybrids varied according to the
parental combination. The F; hybrids exhibited no heterotic
effects. The GCA and SCA variances showed that gene action
was predominantly additive for all the studied quality traits
and yield. The results suggested also that partial dominance is
operating in the inheritance of these traits. Parents differed
significantly for GCA effects. This study identifies Sakha 93
(P1) and Giza 168 (P2) as a good general combiner which
showed significant desirable GCA effects for all studied traits.
The differences for SCA effects of ¥, hybrids were not
significant. The results were discussed in relation to their
implications for the development of technologically superior
wheat genotypes.
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INTRODUCTION

Bread wheat is the most
important cereal crop. Due to its
high adaptation and multiple uses,
high nutritive value associated
with high crop production it is
used as staple food for more than
third of the world population.

Information about combining
ability of parents and nature of
gene effects would be helpful in
identifying suitable parents for
hybridization, understanding the
inheritance of traits and
isolating the promising hybrids for

further exploitation in breeding '

program. Several investigators
have studied these aspects for
quality traits in various cereal
crops (Shenoy ef al, 1991;
Ramesh and Hudda, 1994;
Nayeem, 1996; Barnard ef al,
2002 and Groos ef al., 2004).

Such information concerned with
the genetic systems controlling
nutritional and  technological
qualities of grain proteins in wheat
are very important for the
development of direct methods for
genetic  improvements in many
aspects of protein quality. SDS-
sedimentation volume (SV) is a
biochemical index widely used to
evaluate flour quality in durum and

bread wheats. Significant
association between SV and
endosperm  proteins  (gliadin,
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HMW-  and LMW-glutenin
subunits) have been reported.
Protein loci, however, account for
only a portion of the total genetic
variability (Blanco et al,
1998).The traits analyzed here,
were grain components, which
influence quality and are often
used fo predict bread-making
ability. The main quality properties
studied were protein content and
SDS-sedimentation volume.

The present study, therefore, has
been undertaken to determine the
nature and magnitude of gene
effects and the combining ability
effects of parents and hybrids for
SDS-sedimentation volume and
protein content along with 1000-
grain weight and grain yield per
plant through line x tester analyses
at the F; generation.

MATERIALS AND
METHODS

The materials for the present
study comprised five Egyptian
bread wheat varieties and their F1
hybnids. The five wheat genotypes
were Sakha 93 (Pl), Giza 168
P2), Sids 1 (P3), Sids7 (P4) and
Gemmeiza 9 (P5). The five wheat
genotypes were grown at the
Experimental Farm of Kafr El-
Hamam Research Station in the
winter season 2007/2008. P1 and
P2 were used as males (testers) and
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each was crossed with the other
three genotypes which used as
females (lines) in a line x tester
mating design to obtain six F,;
hybrids.

The six F; hybrids along with the
five parents were planted in a
randomized complete block design
with three replications during the
winter of 2008/2009. Each entry in
a rteplication had two rows and
each row consisted of 20 plants.

The grains harvested from 10 F;
plants and their parenis were
mixed and five randomly selected
samples in each replication were
used for biochemical analysis.
Grain  protein  content  was
estimated according to the Micro-
Kjeldah! method. Each sample was
analyzed in duplicates. The SDS-
sedimentation test (SDSS) was
performed manually in a 100 m}
cylinder filled with 50 ml water. A
3g sample of flour was mixed with
water and shaken three times at
regular intervals. A lactic acid
mixture (containing SDS) was
added to the mixture, and inverted
al regular intervals. Ten minutes
and thirty minutes after the third
mversion, a  reading of
sedimentation volume was taken,
The SDS-sedimentation test and
protein content were performed as
described by Martinez et al
(2004). The grain yield per plant
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and 1000-kernel weight were
recorded on 10 random individual
plants for the studied genotypes in
each replication.

The data were subjected to line x
tester analysis on the basis of mean
plot for estimating general and
specific combining ability (GCA
and SCA) effects and gene effects
as described by Kempthorne
(1957) and adopted by Singh and
Chaudhary (1977). The average
degree of dominance  was
measured as (6" D/o°A).

RESULTS AND
DISCUSSION

The problem in the genetic
analysis of seed  quality
components is that a seed has
tissues from two generations.
Bourland and Bird (1985)
indicated that the F; generation of
seed related traits might be
represented by seeds having
parental seed coat and F; embryos
or by seeds having F, seed coat

and F, embryos. The grains
analyzed in the present study were
of the second type.

The mean performance of the
studied wheat genotypes (parents
and hybrids) for quality and yield
characteristics is presented in
Table 1 and graphically in Figures
1-3. The data, in general, revealed
a wide range of variation for
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Table 1. Mean performance for SDS-sedimentation volume, grain
protein content, 1000 grain-weight and grain yield per
plant of parents and F; hybrids

Parents & SDS-sedimentation Protein 1000 grain- Grain yield

Hybrids 10 min. 30 min. content weight per plant
Parents
P1 39.00 36.33 11.56 45.07 48.67 ¢
P2 36.67 3233 11.15 42.92 49.00
P3 31.00 29.00 12.15 4522 41.12
P4 37.33 33.00 13.11 44 37 38.40
Ps 49 00 35.00 12.88 52.81 38.10
F,Hybrids
P1xP3 40.00 37.67 13.09 51.31 3987
PlxP4 37.00 34.33 13.32 55.81 39.98
P1xP5 35.00 33.33 13.09 4391 41.33
P2xP3 31.00 29.00 11.78 49 .40 4295
P2 x P4 3033 2933 ' 11.92 49 45 43.17
P2xP5 27.00 24.33 11.85 52.13 44.92
LSD .05 3.86 2.63 0.97 4.55 3.14

LSD o1 5.27 3,59 1.33 6.21 4.29
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Figure 1. Mean performance for SDS-sedimentation (SDSS) volame
of parental genotypes and their Fy hybrids
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Figure 2. Mean perforinance for grain protein content in
maturing endosperm of parental genotypes and
their F; hybrids
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Figure 3. Mean performance for 1000-kernel weight (TKW)
and grain yield per plant (GYP) of parental
genotypes and their F; hybrids
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protein content, SDS-
sedimentation volume and grain
yield among parents and their
progenies. A consideration of the
mean performance of parental
genotypes and their progenies for
grain yield and quality suggested
that the expression of these
characteristics in the hybrids
varied according to the parental
combination.

The parents Pl and PS5 were
superior for SDS-sedimentation
volume, while P5 was the highest
for grain yield. The cross P1 X P3

and P1 X P4 appeared to be a'

desirable combination as it gave
high mean performance for 1000-
kernel weight. The crosses P2 X
P3 and P2 X P4 were significantly
superior to the best parent for
1000-kernel weight. In the present
study, none of the crosses have
exhibited any moderate
manifestation of heterosis, which
was an indicative of high degree of
additive gene effects.

The analysis of variance for
quality and grain yield traits,
summarized in Table 2, showed
that differences among the
genotypes were highly significant
for SDS-sedimentation volumes,
1000-kernel weight and all grain
yield characteristics. This trend
was clearly detected in the parents,
indicating greater genetic diversity
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among the parents. Significant
variances due to hybrids for SDS-
sedimentation volumes, 1000-
kemel weight and all grain yield
characteristics, revealed high
differences among the crosses.
Variances due to parents vs.:
hybrids were also significant for
SDS-sedimentation volumes,
1000-kernel weight and all grain
yvield components. Further, the
partitioning of hybnid sum of
squares revealed that variances due
to testers were highly sigmficant
for all studied traits.

The analysis of wvariance for
combining ability revealed that the
estimates of variances due to
specific combining ability
(c’SCA) were positive and
considerably lower in magnitude
than the variances of general
combining ability (6?GCA) for all
traits (Table 2), indicating the
predominant role of additive gene
action including partial dominance
in the expression of these quality
traits and yield components.

The estimates of genetic
components of variance and their
ratios are also shown in Table (2).
The ratio of a ¢* A / 6> D which
was higher than unity, implied that
these traits were predominantly
under the control of additive gene
action (partial dominance). The
important role of the additive
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Table 2. Analysis of variance for means and combining ability of
SDS-sedimentation volume, grain protein content, 1000
kernel-weight and grain yield per plant of the studied
wheat genotypes

SDS-sedimentation Protein 1000 Grain
10 min. 30 min. content kernel- vyield per
weight plant

Item d.f.

Mean Squares

Replications 2 0.576 1.485 0.018 0.580 0.055

Genotypes 10 111.333%*  50.285%*% 1727  57.181*%%  41.843**
Parents (P) 4 140.567+%  32.000%*  2.099  49.052%*  87.609%*
Pvs. H 1 205.456%* 58.182*%*  (.929 116.878*%  8.522%
Hybrids (H) 5  69.22%%  63.333%% 1589  51.746**  11.895*
Lines(L) 2 30.722 45.500 0.060 21.808 5377
Testers (T) 1 280.056** 213.556%*  7.801  205.504%*% 48.511%*
LxT 2 2.056 6.056 0.003 4.804 0.105
Error 20 5.142 2.385 0.326 11.077 3.404
Estimates of genetic components
c'gea - 5.322 4.545 0.125 3.725 0.935
o A - 10.645 9.092 0.250 7.451 1.871
csca - 1.028 1.223 0.104 2.091 1.099
¢’ D - 1.028 1.223 0.104 2.091 1.099
c*AlcD - 10.345 7.430 2.386 3.563 1.701
(o’ DIF"A)Y*® - 0311 0.366 0.647 0.529 0.766
Contribution to hybrids (%)

Due to lines - 0.178 0.287 0.015 0.169 0.181
Due 1o -

testers 0.810 .674 0.982 0.794 0.816

DuetoLxT - 0.012 0.038 0.003 0.037 0.004
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portion of genetic variance was
also observed through the average
degree of dominance which was in
the range of partial dominance
(<1). This indicated that the
inberitance of protein content,
SDS-sedimentation volume and
grain yield traitsare controlled
mainly through additive gene
action. Similar findings were
reported in bread wheat by Singh
et al. (1986) and Barnard ef al.
(2002)

The data are in paraliel to those
mentioned on GCA and SCA
variances. Thus, the results
indicated that although most of the
differences noted among crosses
for the studied quality traits and
yield were due to genes with
primarily additive effects, the
relatively negligible contributions
of non-additive effects cannot be
overtooked. This may be due to the
fact that the parental materials
included in this study were highly
selected for yield and yield
componen(s,

The GCA and SCA effects of the
parents and the  hybrids,
respectively, are presented in
Table (3). It is evident that the
parents possess significant GCA
etfects for the different quality and
yield atiributes. However, the
estimates of GCA effects had
definite pattern and two the
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parents, Sakha 93 and Giza 168,
were superior for all traits studied.
The parents that proved to be good
general combiners on the basis of
their desirable GCA effects of
grain protein content, SDS-
sedimentation volumes and grain
yield traits were P1 and P2. The
parent P5 showed also significant
negative GCA effects for SDS-
sedimentation volumes. These
parents were the mast outstanding
genotypes for protein quality and
yield and they may be used for
hybridization to obtain desirable
segregates.

The data presented in Table (3)
indicated that there no specific
cross combinations  exhibited
desirable SCA effects. At least one
of the parents in thes¢ crosses was
good general combiner. However,
these crosseshad potential to give
segregates in subsequent
generations if the additive genetic
system present in good combiner
and the complementary epistatic
effects acted in the same direction
to maximize the desirable plant
attribute (Andrus, 1963)

The SCA effects of different
crosses indicated that high GCA
effects of parents were no
guarantee of high SCA effects in
different crosses. Nearly all
crosses, e.2. PIx P3,PIx P4 and
P [ x P5 were found to be



Zagazig J. Agric. Res., Vol. 38 No. (2) 2011 381

Table 3. Estimates of general combining effects of parents and
specific combining ability effects for cross combinations
in the F; generation for SDS-sedimentation volume, grain
protein content, 1000 grain-weight and grain yield per

plant
Parents & SDS-sedimentation Protein 1090 G'rz:gl
Hybrids 10 min. 30 min.  content 5 o0 yie
weight per
plant
General combining ability effects of parents in the F, generation
P1 3.944%% 3.444%* 0.658 -3.379%* -1.642%%
P2 -3.944%*  3.444%* -0.658 3.379%* 1.642*#*
P3 2111 2.667 -0.075 0.296 -0.628
P4 0278 0.167 0.113 1.741 -0.461
P5 -2.389%%  .2.833%* -0.038 -2.037 1.089*
SE testers 0.756 0.630 0.190 1.109 0.615
SE lines 0.926 0.515 0.233 1.359 0.753

Specific combining ability effects of hybrids in the F, generation

P1xP3 0.556 -0.111 -0.002 0.997 ¢.100
PixP4 -0.611 -0.944 0.043 -0.264 0.050
P1xP5 0.056 1.056 -0.042 -0.733 -0.150
P2xP3 -0.556 0.111 0.002 -0.997 -0.100
P2xP4 0.611 0.944 -0.043 0.264 -0.050
P2x PS5 -0.056 -1.056 0.042 0.733 0.150

SE 1.309 0.892 0.329 1.922 1.065




382 I

outstanding in showing low SCA
effects where one of the parents
showed high GCA effects. This
suggested that the crosscs showing
poor SCA effects involving one
poor and one good or both poor
general combiners could have been
due to lack of complementation of
genes. The SCA analysis of the
crosses revealed that none of the
crosses combined high SCA
effects for all studied quality and
yield traits. This suggests a
prominent role for additive genetic

effects. Similar results have also,

been reported in wheat by other
workers (Ahmad et al., 1991; Mou
and Kronstad, 1994; Sharma et al,
1996 and Sharma and Pawar,
2000).In contrast to this, Paroda
and Joshi (1970) reported a
significant SCA for 1000-kernel
weight, and Jain and Singh (1978)
and Kamaludddin er aof (2007)
reported a significant SCA for
grain yield. The results revealed
that gene effects and combining
ability estimates can be used to
design a selection strategy to
‘improve quality traits. This
information can assist in choosing
new bread wheat lines with
favourable genetic combinations
for improved quality.

Nathan, ef al.
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