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Abstract

An understanding of genetic analysis of earliness
components is needed to develop early lines. Six bread wheat
(Triticum aestivum L.) genotypes differing in earliness were
crossed in all possible combinations excluding reciprocals in
2003/2004 season. In 2004/2005 growing season, parents and
F1'S were planted on Jan 5" and grown in a field experiment in
El-Giza Experimental Farm Agricultural Reasearch Center. The
Randomized Complete Blocks Design with three replications was
used. Days to heading, days to anthesis, days to maturity, grain
filling period and grain filling rate (earliness components), plant
height, number of spikes per plant, number of kernels per spike,
100-Kernel weight, total plant weight, grain yield per plant, straw
yield per plant and harvest index were recorded. The F1'S and 15
wheat crosses and their respective parents were statistically
analyzed to detect some information on the genetic effects
governing the studied characters. The obtained results showed
that positive heterosis values were detected for different studied
characters. The mean squares of genotypes, parents and crosses
were highly significant for all studied traits.

The variances associated with general and specific
combining ability reached the level of significant for ail studied
characters. GCA variance values were two times higher than the
SCA variance ones for days to heading, days to anthesis, days to
maturity, plant height and 1000-kernel weight, suggesting the
predominant role for additive type of gene action. Moreover, the
parents P2 (Gemmiza 10) and P4 (Line 4) were the best
combiners for grain filling rate and grain yield. Meanwhile,
significant SCA effects for grain filing rate, grain yield, straw yield
and total plant weight were found in the crosses between P1 X
P3, P1 X P6, P2 X P3, P2 X P4 and P4 X P5. On the other hand,
P2 X P6 showed significant SCA effect for grain filling rate and
grain yield. The additive variance (D) effects were significant for
all studied characters except for grain filling rate, 100-kernel
weight, grain vyield and total plant weight. The relative
proportions of variance due to non-additive effects were
significant for all characters except for 100-kernel weight and
were greater of most characters in magnitude than the additive
component (D). Overall dominance effect of heterozygous loci
(h2) was significant in most traits, which indicating that the effect
of dominance was due to heterozygosity. Over dominance effect
was observed for all studied characters except for days to
heading and days to anthesis. Values of H2/4H1 analysis being
less than 0.25 indicated asymmetric distribution of positive and
negative allels among parents for all characters except for plant
height, 100-kernel weight, grain yield and total plant weight. On
the other hand, low values for narrow sense heritability for most
studied characters- were observed, reflecting that most of the
genetic variance were due to non-obtained genetic effects.
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INTRODUCTION

Wheat, (7riticum aestivum L.), the major cereal crops in Egypt
receives the most attention of the breeders. To increase grain yield per
unit area is the main solution for overcoming the increased demand of
food from a limited cultivated(area. Plant breeders would develop high
yielding wheat cultivars tolerant to biotic and abiotic stresses. Breeding
early maturing cultivars is an important objective in most wheat breeding
programs. Information about the inheritance of early maturing and its
attributes, as well as yield and its components are very scancy in spite of
its importance to wheat breeders in developing short duration cultivars. In
Egypt, late planting starting from January after harvesting vegetables
grown for exporting has increased.

Successful breeding programs need continuos information about the
genetic variation and systems governing earliness attributes, as well as
grain yield and its components. Contradictory results were obtained by
several authors with respect to genetic systems governing these
characters. For instance heading time in wheat is governed by three major
factors: vernalization requirement, photoperiod sensitivity and narrow
sense earliness (Shindo et al, 2003). The first two factors are
environment dependent, while the latter is environment independent.

The wheat crop planting at different dates witnesses vast differences
with respect to -abiotic factors like temperature, light and humidity. The
wheat genotypes react differently to abiotic factors especially temperature
and light in accordance with their photothermal responses and several
morphological and productivity characters, (Kumar et al, 1995).
Therefore, there is a need to develop varities capable of facing effectively
the harsh environment. The progress of breeding efforts in this direction
will depend on the amount of variability present in the germplasma.

Several genes have been reported to be involved in the control of
heading time, including late heading (Islam-Faridi et a/, 1996, Law et al
1998).

Additive and dominance effects with greater importance for additive
type were found to control days to heading (Shehab el-Din, 1997, and
Menshawy, 2005), grain filling period and rate of filling (Mou and
Kronstad, 1994 and Menshawy, 2005).
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In addition, (May and Van Sanford, 1992) detected significant
additive effects for effective grain filling period and other trait related to
maturity.

Wong and Baker (1986) reported that the heritability values of
developmental trait and the estimates of grain filling period in spring
wheat were low to intermediate. Meanwhile, values of heritability in
narrow sense were more than 50 % for days to heading, grain filling
period and rate of grain fill (Mou and Kronstad, 1994 and Menshawy,
2005).

El-Sayed (2000) and Hamada and Tawfeles (2001) indicated that
additive and non-additive gene effects played equal roles in the
inheritance of grain yield, number of spikes/plant, number of
kernels/spike, kernel weight and plant height.

On the other hand, Salm and Hassan (1991) found that non-additive
gene effects were more important in the inheritance of grain yield/plant
and number of spikes/plant. Similarly, Darwish (1992) found that
dominance gene effects were significant for grain yield/plant, number of
kernels/spike and kernel weight. Reversely to that, Mekhamer (1995)
reported that additive gene effects were significant for number of
kernels/spike and kernel weight. .

On the other side, El-Sayed et a/. (2000), and Ashoush et a/. (2001),
found that GCA and SCA were significant for days to heading, maturity and
plant height.

Concerning the heritability values, Tamam and Abd El-Gawad (1999)
found that heritability in broad and narrow sense values for days to
heading, number of spikes/plant, kernel weight and grain yield/plant were
high, while the narrow sense heritability for number of kernels/s yike was
low. On the other hand, El-Sayed et a/. (2000) found that these values
were medium or low for number of spikes/plant, number of kernels/spike
and grain yield/plant. They also, reported that estimates for number of
days to heading and 1000-kernel weight fluctuated, varied from medium to
high.

The main objective of this study was to determine which of the six
studied cultivars has (have) the general and/or specific combining abilities
to produce good hybrid(s) that tolerate late sowing stress. This
informations would help breeders to manipulate earliness corhponents to

develop high yielding and early heading cultivars via selection for these
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characters in early generations. And also help breeders in chossing these
parental combinations which when crossed would result in the highest
proportion desirable segregates, and identifying early cultivars. Therefore,
the present investigation utilized early heading sources as well as high
yielding ones, crossed and tested under late sowing conditions.

MATERIALS AND METHODS

This study was conducted at El-Giza Agricultural Research Station,
Agricultural Research Center (ARC),Egypt, during the two wheat growing
seasons 2003/2004 and 2004/2005. Four different bread wheat cultivars
and two promising lines differing in earliness were selected for this study.
Name and pedigree of the six parental materials are presented in Table 1 .

Table 1. Name and pedigree of the six Bread wheat cultivars.

No. Name Pedigree Relative
earliness
Py Gemmeiza 9 Agld “S"/Huac “S"//CmH74A.630/5x late
CGM483 - 5GM - 1GM - 0GM
P, Gemmeiza 10 MAYA74“S"10N//1160-147/3/BB/G/LL late
/4/CHAT “S”/5/CROW “S”
P3 Early line 1 BCH"S"//HORK"S"/4/7C/PATO(B)/3/ early

LR64/INIA//INIA/BB/S5/CNO/GLL//BB/
INIA/3/NAPO//TOB66/SPROW "S”
CR.GZ.9269.7GZ-5GZ-3GZ-1GZ-0GZ

P4 Line 2 MAYA"S”/MON"S"/4/CMH72428/MRC//] Intermediate
UP/3/582/5/SAKHA8/6/SAKHA69
SD10157-18SD - 1SD - 2SD - 1SD -

0sD
Ps Sids 4 MAYA "S”/MON “S”//CMH74A.592/3/ early
Giza 157*2
Pe Sakha 61 INIA/RL4220//7C//Yr “S" early

CM15430 ~ 25 - 55 ~ 0S

In 2003/2004 season, all possible crosses without reciprocals among
the six parents were made. In the second season (2004/2005), the 21
entries (15F,'S and 6 parents) were planted in the filed using the
randomized complete block design (RCBD) with three replications. Each

entry was planted in a plot of two rows. Each row was 3.0 m long and 30
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cm apart, and contained 15 seeds spaced 20 cm apart. Data were recorded
on a random sample of 10 guarded plants from each row. The studied
characters were earliness components (days to heading, days to anthesis,
days to maturity, grain filling period and grain filling rate), plant height,
number of spikes/plant, number of kernels/ spike, 100-kernel weight, total
plant weight, grain yield/plant, straw yield/plant, and harvest index.

The analysis of variance for combining ability effects was calculated
following the technique of Griffing (1956), Griffing’s diallel crosses
analysis designated as method 2, model 1 and further. The genetic
analysis was carried out by the procedures described by Hayman (1954).

RESULTS AND DISCUSSION

Analysis of variance for all studied characters namely number of days
to each of heading, anthesis and maturity, grain filling period, grain filling
rate, plant height, number of spikes/plant, number of kernels/spike, 100-
kernel weight, total plant weight, grain yield/plant, straw yield/plant and
harvest index % are presented in Table 2. Test of significance indicated
the presence of true differences among genotypes except for number of
kernels/spike, mean squares due to parents VS. crosses were significant
for all studied characters indicating heterosis.

Table 2 shows the results of the analysis for GCA, SCA and the
GCA/SCA ratio. The variances associated with both GCA and SCA were
significant reflecting the presence of both additive and dominance types of
gene effects for all characters.

Significantly large GCA effects were recorded for number of days to
each heading, anthises and maturity, plant height and 100-kernc| weight.
The general combining ability variances were about two times higher than
the specific combining ability variances, indicating a predominant role of
additive type of gene action for these traits and selection could be
successful.

Parents VS. cross mean squares (Table 2), as an indication to
average heterosis over all crosses were found to be significant for all
studied characters except for number of kernels/spike. Hence effective
breeding program aiming to the improvement of such characters
responsible for earliness and yielding could be useful by selecting the
appropriate parents for each characters.
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The mean performance of the parents and their crosses are
presented in Table 3. The cultivar Gemmieza 9 (P;) ranked the first in total
plant weight and straw yield/plant and the second in grain yield/plant.
Meanwhile, gemmeiza 10 (P,) ranked the first in plant height and the
second in the total plant weight. Moreover, line 1 (P3) ranked the first in
less days to heading, early anthesis, early maturity and 100-kernel weight
and the second in grain yield/piant. The cultivar line 2 (P;) ranked the first
in grain filling period, grain-filling rate, number of kernels/spike, grain
yield/plant and harvest index %. Likewise, Sids 4 (Ps) ranked the second
in grain filling rate, 100-kernel weight and grain yield and the second of
grain filling rate. Finally, Sakha 61 (Pg) ranked the second in less days to
maturity and grain filling period. Moreover, the mean performance of the
tested fifteen crosses are presented in Table 3. For days to heading the
best five crosses were Py X P3 , P, X P3, P3 X P4, P3 X Pg and P4 X Ps. The
three crosses P3 X P4, P3 X Pg and P, X Ps, processed of days to anthesis.
The best seven Py X Pz, Py X Ps, P, X P3, P2 X Py, P, X Ps, P, X Pg, and P3 X
Ps, processed of little days of maturity. The best seven crosses Py X P;, P,
X P4, Py X Pg, P, X P3, P, X P4, P X Psand P, X Pg possessed of the short of
grain filling period. The best four crosses of P; X Ps, P, X P3, P, X P4 and P,
X Ps possessed the highest grain-filling rate. The best four crosses P; X P,
P; X P3, P2 X Ps and P3 X P4 possessed of plant height. The best five crosses
Py X P3, P2 X P3, P, X P4, P4 X Psand P4 X Pg showed the highest number of
spike/plant. The two crosses P; X Ps and P; X Ps were the highest number
of kernel/spike for the 100-kernel weight. The best five crosses P;XP, , P3
X Ps, P3 X Pg, P4 X Pgand Ps X Ps. The best four crosses P; X Pg, P, X P53,
P2 X P4 and P4 X Ps possessed the heights grain yield/plant P4 X Ps, and P,
X Pg possessed the highest straw yield/plant. The best six crosses P,XP3, P,
X P4, Py X Pg, P, X P3, P4 X Ps and P4, X Pg possessed the highest straw
yield/plant. The best seven crosses are P1 X P2, P; X Pg, P, X P3, P, X Py,
P2 X Ps, P3 X Ps and P4 X Ps, While the best five crosses Py X P3, P; X Pg, P,
X P3, P, X Psand P4 X Ps possessed the highest total weight.

Finally it is clear from the tabulated data that six out of 15 crosses,
seem to be promising genotypes for grain filling rate and grain yield/plant
(P1X Py, Py X Ps, P, X P3, P2 X Ps, P, X Pgand P4 X Ps ). The importance of
these results are that they realized under late sowing conditions. Walton
(1971) emphasized that a parent superior for one yield components
character should be crossed with a parent superior for the other
components to obtain heterosis in a complex trait such as grain yield. The
particular components contributing to high yielding crosses were not
constant from cross to another. Our resuits are in agreement with those
reported by Hassan and Saad (1996).



NADYA A. R. ABDEL- NOUR 451

Estimates of GCA effects for parents are presented in Table 4, under late
sowing condition. Significant negative values would be of interest except days to
heading, days to anthesis, days to maturity and grain filling period. P; (early line) and
Ps (Sakha 61) were the best combiners while Ps (Sids 4) was a good combiner for days
to maturity and grain filing period. Moreover, P, (Gemmeiza 10) was the best combiner for
increasing grain yield/plant, plant height and grain filling rate whereas, p; (Gemmeiza
9) was the best combiner for increasing total plant weight, straw yield/plant, number
ok kernel/spike, number of spike/plant and plant height. On the other hand, P4(Line 2)
was the best combiner for increasing grain-filling rate, number of kernel/spike and
grain yield/plant.

Specific combining ability effects of the parental combinations for the
studied characters are presneted in Table 5. Results showed that, the
crosses Py X P3, Py X Py, Py X Ps, P, X Pg, P53 X P4 and P4 X Pg for significantly
negative effects for early heading, for days to anthesis crosses P, X Ps, P,
X Ps, P3 X P4 and P4 X Pg; for days to maturity P; X P3, Py X P4, Py X Ps, Py X
Ps, P2 X P3, P? X P4, P, X Ps and P, X Pg o, early maturing and for grain
filling period Py X P3, Py X P4, Py X Ps, P2 X P3, P, X P4 and P, X Ps gave
significant negative effect. Beside grain filling rate P; X P3, Py X Pg, P, X P,
P2 X P4, P; X Pg and P4 X Ps. Thus, the following five crosses Py X P3, P; X
Ps, P2 X P3 , P, X P4 and P, X Pg may have good potential for earliness with
high filling rate for successful selection under proper methods utilizing
dominant genes. For plant height P; X P3, P, X Ps and P; X P, gave
significant positive SCA effects, also crosses P; X P3, P, X P3, P, X Py, P3 X
Ps, P4 X Ps and P4 X Pg were desirable for number of spikes/plant, where,
crosses Py X Pg, P, X P3, P» X Pg, P4 X Ps and Ps X Pg gave significant
positive SCA effects for number of kernels/spike', also crosses P; X P4, P4
X Pg and Ps X Ps gave the significant positive SCA effects for 100-kernel
weight. The combination, P; X P3, Py X Ps, P2 X P3, P, X P4, P2 X Pg and P4 X
Ps gave the significant positive SCA effect for grain yield/plant. For straw
yield/plant crosses P; X P3, Py X P4, Py X Pg, P, X P3, P, X P4, P, X P5, P3 X
P4, P3 X Ps, P4 X Ps and P; X Pg gave the significant positive SCA
effects.The crosses P; X P3, Py X Pg, P2 X P3, P, X P4, P, X Pg and P4 X Ps
are considered to be promising hybrids for earliness, grain filling rate and
grain yield and yield components improvement purpose, as they showed
high specific combining ability effects and involved one good combiner for
earliness and another good combiner for yield. It is worthy to note, that
these hybrids were a result of crossing poor X good and good X good
general combiners. In such hybrids, desirable transgressive segregates
would be excepted in the subsequent generations, if the additive genetic
system present in the good combiner and the complementary epistatic in
the F, acted in the same direction to maximize the yielding ability.
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The results are similar to those obtained by El-Sayed et a/. (2000),
Ashoush et a/. (2001) and el-Sayed (2004).

The estimated values of the genetic variation components D, F, Hy,
H, and h? are presented in Table 6. Additive genetic effects D were
significant for all characters except for grain filling rate, kernel weight,
grain yield/plant and total plant weight. The estimates of H;, which reflect
the non-additive effect, were significant for all studied characters except
for kernel weight trait. Values of H; for days to heading and days to
anthesis, only, were smaller than the respective D, indicating the
importance of additive gene action in the inheritance of these characters.
Meanwhile, the values of H; were larger in magnitude than the respective
D for other studied characters. The dominance effects associated with
gene distribution (H;) were highly significant and greater than D for all
studied characters, except for days to heading and anthesis. Moreover, all
H, values were smaller than H; ones for all characters indicating unequal
allels frequency. Over all dominance effects of heterozygous loci (h?) were
significant for all studied characters except for days to anthesis, grain
filling period, grain filling rate, number of kernels/spike and grain
yield/plant, indicating that the effect of dominance is due to
heterozygosity. These results agreed with those of El-Menshawy (2005).
The covariance of additive and dominance effect (F) was not significant for
all characters except for days to heading, anthesis and maturity as well as
grain filling period, revealing an excess of recessive over-dominance alleis.
Therefo, it could be concluded that additive genetic components D were
the most important for all studied characters except for grain filling rate,
kernel weight, grain yield/plant and for total plant weight. Earliness
attributes rather than yield and yield components and grain filling period
which were mainly controlled by additive genes.

The mean degree of dominance (H;/D)* was greater than one for all
studied characters except for days to heading and anthesis, which proving
over-dominance. The proportion of genes with positive and negative allels
in parents (H,/4H;) were slightly below the maximum value 0.25 over all
loci, indicating that the positive and negative allels were not equally
distributed among the parents for all studied characters except for plant
height, kernel weight, grain yield/plant and total plant weight. These
results confirmed those of H, estimate and showed unequal frequencies of
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positive and negative genes among parents for all studied characters. The
ratio [4D H;)” + F/(4D H,)” - F] was greater than one for all studied
characters except for kernel weight reflecting greater frequency of
dominant genes. These results are confirmed from the positive value of
the F component. On the other side, low to medium values for broad and
narrow sense heritabillty were detected for all studied characters,
indicating that most of genetic variances were due to non-additive genetic
effects. These results supported the previous results concerning the
genetic components, where the H, estimates played greater role (Table 6).
In this respect, it could be suggested that bulk method program for most
characters might be quite promising.

In conclusion, wheat breeders could manipulate earliness
components to a cultivar, via selection for these traits in early generations
due to the additive gene action in their genetic control. These information
also help breeders in selecting parental combination that would result in
the highest proportion of desirable segregates and identify early
genotypes. These genotypés should be late planting tolerant and could be
used in double cropping systems mainly, i.e. cotton-wheat system.
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