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Abstract

A diallel cross involving six bread wheat genotypes was
evaluated to determine the genetic behaviour of earliness
components as well as yield and its components in the F; and F, of
bread wheat under optimum and late sowing dates conditions. In
addition to thermal unit and susceptibility index, the resultant
hybrids along (F; and F,) with their parents were evaluated in two
experiments. The first experement was planted in optimum sowing
date on November 20" and the second one was planted in late
sowing dates (Jan 1% at field experement in Sids station,
Agriculture Research Centre.

Genotypes mean squares were significant for most studied
characters in both experiments as well as thermal unit and
susceptibility index. The obtained results showed that positive
heterosis values over better parent values were detected for
different studied characters. Inbreeding depression estimates were
also significant and positive for grain filling rate and grain
yield/plant in most crosses under both optimum and late sowing
conditions.

GCA variance values were two or more times higher than the
SCA variance ones for days to maturity under both sowing dates,
thermal unit under optimum sowing, grain filling period, grain filling
rate and for grain yield/plant under both two sowing dates,
suggesting the predominant of additive and additive x additive
gene actions in controlling the studied characters. The early line
(P,) could be considered as a good combiners for the early
maturity, numbers of days and thermal unit under optimum and
late sowing conditions. Parent Giza168 (Ps) is a good combiner for
the number of spikes/plant, grain yield/plant and its susceptibility
index under late sowing condition while parent pastor (P,) could be
considered as a good combiner for thermal unit under optimum
sowing date and number of kernels/spike under late sowing and for
grain filling period, grain filling rate and grain yield/plant under
both optimum and late sowing dates. The best SCA values were
detected by the cross PsxPs for the earliness of maturity (number of
days and thermal unit), grain filling period, grain filling rate,
number of spikes/plant, susceptibility index of number of number
kernels/spike, and grain yield/plant under optimum sowing date,
also, cross PixP, was superior in number of spike/plant under both
optimum and late, 100-kernel weight under optimum date and
grain yield under late sowing. Moreover, cross P, x Ps for grain
yield/plant under optimum and late dates and its susceptibility,
cross P3 x P4 for susceptibility index (SI) of No. of spikes/plant and
for grain yield/plant under optimum and late dates cross P, x Pg for
grain yield under optimum sowing, cross P; x Pg for days and
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thermal unit of heading and grain yield/plant and cross P4 x P5

gave the best SCA effects for grain yield/plant under late sowing

condition.

Keywords: Wheat, Heterosis, Inbreeding depression, General and
Specific Combining ability, Sowing date, Susceptibility
index, Early maturing, Earliness characters.

INTRODUCTION

Wheat crop (Triticum aestivum L.) sown at different dates witnesses vast
differences with respect to abiotic factors such as temperature, light and humidity.
The genotypes interact differently to abiotic factors, especially temperature and light
in according with their photothermal responses and several morphological and
productivity traits are affected (Kumar et al 1995). Therefore, there is a need to
develop cultivars capable of facing the vagaries of environment effectively. The
progress of breeding efforts in this direction will depend on the amount of variability
presents in the germplasm.

Heading time is affected by complex interactions of temperature and photoperiod
(Masle et al 1989). The three components of heading time are vernalization requirement,
photoperiod response, and intrinsic-earliness. These components may act individually or in
combination to achieve different adaptation strategies according to Kato and Yokoyama
(1992).

In Egypt therefore, late planting starting from January after harvesting
vegetables grown for exporting has increased. developing early-maturing wheat are
important for increasing cultivated area of wheat through planting in the areas
designated for growing cotton in summer season. Early maturing cultivars are also
preferable to escape disease, pests, drought, heat and other stress injuries that occur
at the end of growing season. 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 to wheat breeders in developing short
duration cultivars.

Successful breeding programs need continous 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 govering these characters. Reports are conflicting as to the effect of
early-vs late heading genotypes on grain filling. Several researchers indicated that the
final grain yield was more related to the rate of grain filling (Mou et al 1994).

Meanwhile, Gebeyehou et al (1982) and reported that grain filling duration was more
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important than the grain filling rate. However, Menshawy (2005) reported that bread
wheat genotypes differed significantly in both rate and duration of grain filling.

The timing of the initiation of vegetative and reproductive organs depends upon
temperature and photoperiod, but the survival and subsequent size of such organs is
dependent upon the supply of assimilates. The choice of sowing date is, therefore, vital to
ensure both sufficient grain sites initiated and that sufficient assimilates will be available to
initially support and subsequently fill these sites (Satorre and Slafer 1999).

Several genes have been reported to be involved in the control of heading
time, including late heading. Heritability estimates of development of traits in spring
wheat were intermediate to high (Mou and Kronstad 1994). Meanwhile, values of
heritability in narrow sense were more than 50 % for days to heading, grain filling
period and rate of grain filling (Abdel-Nour, Nadya 2006 and Menshawy 2007).

On the other side, Abdel-Nour, Nadya (2006) found that GCA and SCA were
significant for days to heading , maturity and grain yield/plant.

Information about association of earliness and grain yield and its components
can help breeders for increasing the selection efficiency. Tawfelis (2006) found
significant variation in yield and its components among wheat genotypes under
normal and late planting. He also reported that delaying sowing date reduced number
of kernels spike™, kernel weight and grain yield.

The main objectives of this study were to: (1) evaluate the genetic
variabilities of earliness and grain yield with its components characters for some early-
maturing wheat genotypes under optimum and late sowing dates. (2) determine the
relationships among earliness traits and each grain yield and susceptibility index of
these genotypes. (3) detected the magnitude of genetic divergence between some
early-maturing wheat genotypes under the two sowing dates based on earliness and
grain yield as well as its components. (4) to determine which of the six studied
cultivar(s) has (have) the general and /or specific combining abilities to produce good
hybrid (s), early-maturing and/or tolerate late sowing stress. This information would
help breeders to manipulate earliness components to develop high yielding and early
maturing cultivars via selection for these characters in early generations, and also will
help breeders in selecting these parental combinations which when crossed would
result in the highest proportion desirable segregates, and identifying early cultivars.
Therefore, the present investigation, early heading and maturing sources as well as
high vyielding ones, were crossed and tested under optimum and late sowing

conditions.
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MATERIALS AND METHODS

This study was conducted during the three successive seasons 2006/2007 to
2008/ 2009. six widely diverse bread wheat genotypes were used in this study. Three
local cultivars Sakha61, Giza 168 and Sakha 95, promising early line #1 and two
exotic cultivars introduced from ICARDA differing in earliness were selected for this
study (Table 1).
Table 1. Name, pedigree and origin of the six bread wheat cultivars

Relative
No. Parent Pedigree Origin
earliness
1 INIA/RL4220//7¢//Yr"S"
Sakha 61 Early Egypt
CM115430 — 2S5 - 55 - 0S
2 BCH"S"//HORK"S"/4/7C/pato(B)/3/LR64INIA//INI
Early line A/BB/5/CNO/GLL//BB/INIA/3/NAPO//TOB66/5PRO Very early Egypt
W"S.
3 Kam Chan Intermediate ICARDA
4 Pastor Intermediate ICARDA
5 Giza 168 MRL/Buc//SERI Late Egypt
6 Line #1 SKAUZ*Z/SIRMA Early Egypt

The study was carried out at El-Giza Research Station during two successive
seasons, in 2006/2007 season, all possible crosses without reciprocals among the six
parents were made. In the second season 2007/2008, the 21 entries (15 F4's and 6
parents) were planted in the field, the hybrid seed of the crosses were sown to give
the F; plants and at the same time all possible crosses among the six parents were
made. The final experiment (the third season) was conducted at Sids Research
Station, Beni Sweif Governorate, Agriculture Research Center, ARC in 2008/ 2009
season, the 6 parents, 15 F; hybrid seeds and 15 F, seeds) were planted in the field
using the randomized complete block design (RCBD) with three replications. Each
entry from parents and F; seeds were planted in a plot of two rows and the F, seeds
were planted in a plot of six rows, each row was 3.0 m long and 20 cm apart, the
plants within rows were 10 cm apart.

The genotypes were evaluated under optimum sowing date (OS) and late
sowing one (LS). Planting of (OS) was in 20 Nov. and (LS) was in the 1% of Jan.

Data were recorded on a random sample of 10 guarded plants from each row.
The studied characters were taken on earliness components i.e. number of days to
heading, number of days to maturity, grain filling period (number of days from heading to

maturity) and grain filling rate (the grain yield divided by grain filling period). In addition,



NADYA ADLY RIAD ABDEL-NOUR 1439

number of days to heading and number of days to maturity also were expressed as
thermal unit time (TTi). Thermal time was calculated as the accumulation if degree-days,
(TTi) considering that temperature changed linearly during the day between maximum
and minimum temperature following a triangular function:
TTi=[(Tmaxi+ Tmini)/2]-T,
T,= OC

Where T max i. and T min i. are the maximum and minimum daily air
temperature on the i day and T, is the base temperature below which the rate of
development is assumed to be zero (Gomez-Macpherson and Richard, 1997).

Table 2. Average of monthly temperature at Beni Swief governorate from heading to
physiological maturing during 2008/2009 season.

Month Period Average temperature
November 21- 30 18.7
1-10 19.3
December 11-20 17.4
21-31 15.1
1-10 13.9
January 11-20 15.9
21-31 16.3
1-10 17.3
February 11-20 16.9
21-31 15.0
1- 10 16.9
March 11-20 17.0
21-28 16.8
1-10 21.2
April 11-20 22.9
21-30 22.5
1-10 23.2
May 11-20 26.2
21-31 26.3

Average = (Maximum + Minimum ) / 2
Measurements were recorded in optimum and late sowing dates for number

of spikes/plant, number of kernels/spike, 100-kernel weight and grain yield/plant.



1440 GENETIC STUDIES ON GRAIN YIELD AND EARLINESS COMPONENTS IN BREAD
WHEAT OF DIFFERENT PHOTO THERMAL RESPONSE

The susceptibility index (SI) was used as a measure of late planting tolerance
in terms of minimization of the reduction in grain yield or yield components caused by
unfavorable versus favorable environments. (SI) was calculated for each genotype
according to the formula of Fisher and Maurer (1978).

SI = (1-Ys/ Yos)/ D

Where :

SI = an index of late sowing susceptibility

Ys = vield or yield components from late sowing experiment of a genotype

Y,s = Yield or yield components from optimum sowing experiment of a genotype
D = late sowing intensity =

1- (mean Y| of all genotypes / mean Y of all genotypes).

Analysis of variance was performed for all studied characters in optimum and
late sowing dates experiments as well as susceptibility index according to Steel and
Torrie (1980). General and specific combining abilities were estimated according to
Griffing as method 2 model 1 (1956).

The amount of heterosis (H%) was expressed as the percentage increase of
F, above better parent values. Inbreeding depression (ID%) also was calculated as
the difference between the F; and F, means expr_essed as percentage of the F; mean.
Heterosis (H%) over better parent value :_ F, —BP x 100

Bp

Inbreeding depression (ID%) = F; —F, x 100.
Fy

Moreover name and pedigree of the six parental materials are presented in Table 1.

RESULTS AND DISCUSSION

Analysis of variance for all the studied characters in optimum and late sowing
date experiments as well as thermal unit and susceptibly index is presented in Table
3. Results indicated that mean squares due to genotypes were significant for all the
characters indicting a wide range of diversity for these characters. Mean squares due
to both parents and crosses in F; and F, were significant for all characters in both
optimum and late sowing as well as thermal unit and susceptibility index.

Mean performance for parents and their hybrids (F;) are presented in Table

4.a also parents F, crosses are presented in table 4.b.
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Ps (Giza 168) expressed the highest mean value for the number of
spikes/plant under both optimum and late sowing, also parent P, (Pastor) had the
best mean value for grain yield/plant under both optimum and late sowing while for
number of kernels/spike under late sowing and 100-kernel weight under optimum
sowing. Meanwhile parent P; (Kan Chan) the most desirable values for kernel weight
under late sowing.

Regarding hybrid mean performance, it is clear that the highest desirable values
in optimum sowing experiment were recorded by cross combination P;xP, for early
heading (days and thermal unit), number of spikes/plant and kernel weight; P,xP, for
early maturing (days and thermal unit), grain filling period, grain filling rate and grain
yield/plant and PxPs for number of kernels/spike. Under late sowing experiment, the best
hybrid were P; x P, early maturing (days and thermal unit) and grain filling period; P.xPs
for grain filling rate;PsxPs for number of kernels/spike; PsxPs for number of spikes/plant;
P,xP, for kernel weight and P,xPs for grain yield /plant. Such results indicated that these
crosses combinations are promising and prospective in late sowing condition. The most
desirable hybrids for susceptibility index were detected by crosses P;xPs for number of
spikes/plant; Ps; x Ps for number of kernels/spike; P, x P, for 100-kernel weight and P,
x Ps for grain yield/plant.

From these results it could be concluded that the two crosses combinations P,
x Ps and P; x P, seemed to be the best among the studied hybrids since they
expressed the most desirable values for most traits under optimum, late sowing and
susceptibility index, respectively. In this connection, several investigators reported
that there was a wide range of response to late sowing tolerance in wheat genotypes.
Among those are Abdel-Nour, Nadya (2005), Abdel-Nour, Nadya (2006), Menshawy
(2007), Abdel-Nour, and Abdel-Nour, Nadya and Zakaria (2010).
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Heterosis

Heterosis expressed as the percentage deviation of F; mean values from better
parent values for earliness components, and yield and its components is presented in Table
(5). Significant negative heterotic effect relative to better parent values would be useful
from the breeders point of view, in this respect early heading and maturity (days and
thermal unit) for P; x P4 under optimum sowing date and also P; x P4 for early maturing
under late sowing, early maturing (days and thermal unit) for crosses P; x P,, P; x Psand
P; x Ps under optimum sowing date and cross P4 x P under late sowing date. Significant
positive heterotic effect relative to better parents values would be of interest for unmber
of spikes/plant for crosses P; x P,, P; x P4 and Ps x Pg under optimum and late sowing
dates, for number of kernels /spike in the cross P4 x Ps under optimum sowing date while
in these crosses P; x Ps, P3 x Pg and Ps x Pg under late sowing, for 100-kernel weight for
crosses P; x Ps, P; x Pg, P3 x Ps and Ps x Pg under optimum sowing date and for grain
yield/plant for the crosses P; x Ps, P; X Pg, P> X P35, Pox P4, P, X Ps, P35 X P4, P3 X Ps5, P3 X
Ps, P4 X Ps and Ps x Pg under optimum sowin date, while P; x Ps, P, x Ps and P4 x Ps
under late sowing date. Also significant negative heterotic effect relative to better
parent values would be of interest for most traits of susceptibility index under this
investigation. Heterosis would be of economical value when the F; hybrid exceeds its
better parents, thereat, if the breeder planned a programme of selection in the
advanced segregating generations from such superior specific hybrids, the expected
improvement would be fruitful.

Several studies have also demonstrated significant levels of heterosis in wheat
(Abdel-Nour, Nadya 2005, Abdel-Nour, Nadya2006, and Abdel-Nour, Nadya and
Zakaria 2010 ) . They stated that genetic diversity its important for heterotic
expression. Therefore, the level of heterosis expressed in this study may reflect a high
degree of genetic diversity among these parents.

Inbreeding depression

Significant inbreeding depression was found for maturity of thermal unit in the
crosses P, x P4, P, x Ps and P3 x Pg under late sowing date, for grain filling rate and
grain yield/plant in most crosses under optimum and late sowing dates, for number of
spikes/plant in the cross P; x P; under late sowing and for number of kernels/spike in
the cross P; x Ps and was found negative significant inbreeding depression in the cross

Ps; x P4 under late sowing date.
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Combining ability analysis

Analysis of variance for combining ability in optimum and late sowing
dates experiments as well as thermal unit and susceptibility index is presented in
Table (3). Mean squares associated with general (GCA) and Specific (SCA) were
significant for all studied traits except GCA for heading of days and thermal unit,
maturity of thermal unit, number of spikes/plant for Sus. Index., number of
kernels/spike under optimum sowing and 100-kernel weight under both optimum
and late sowing dates and SCA for number of kernels/spikes under optimum
sowing and for 100-kernel weight under optimum and late sowing dates. High
GCA/SCA ratios which largely exceeded the unity were detected for the most traits
under study. Such results indicated that the additive and additive x additive types
of gene action are responsible for the inheritance of these traits. The importance
of additive genetic variance for wheat grain yield susceptibility index and its
components as well as late sowing date tolerance was previously reported by
Abdel-Nour, Nadya 2005 and 2006, Menshawy 2007, and Abdel-Nour, Nadya and
Zakaria 2010. A

Estimates of GCA effects (gi) for individual parents to each that traits in
optimum and late sowing dates experiment as well as thermal unit and susceptibility
index are presented in Table (7). Highly significant positive (g/\i) values would be of
interest for all traits of yield and its components in })\ptimum and late sowing dates
conditions, whereas highly significant and negative (gi) values are preferred in early
maturing (days and thermal unit) and susceptibility index. Under optimum sowing
date condition, parent P, ranked the best for number of spikes/plant, while P, was the
best general combiner for early maturing (days andAthermaI unit) and grain filling
period. Parent P, expressed the highest significant (gi) effects for early maturing of
thermal unit, grain filling period, grain filling rate and grain yield/plant. In late sowing
experiment condition, parent P; was the best combiner for number of kernels/spikes,
while P, was the best combiner for early maturing of days and ther/n\1a| unit and grain
filling period, whereas parent P, expressed the highest significant ( gi ) effects for early
maturing, grain filling period, grain filing rate number of kernels/spike and grain
yield/plant and parent Ps the best combiner for number of spikes/plant and ranked the
second best combiner for grain yield/plant .

For susceptibility index, parent P; ranked the second best combiner for number of
kernels/spike, parents P, ranked the second best combiner for kernel weight, whereas
parents P, was the best combiner for number of kernels/spike and parent P¢ was the best

combiner for kernel weight, while parent Ps was the good combiner for grain yield/plant.
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In conclusion, parental parent P, could be considered as good combiner for
grain yield/plant and most of its components and early maturing under both optimum
and late sowing, parent P, could be good combiner for early maturing under both
optimum and late sowing and Ps could be considered as a good combiner for grain
yield and most of its components under late sowing condition.

Specific combining ability effects for all the studied traits in optimum and late
sowing conditions as well as thermal unit and susceptibility index are presented in
Table (8). In optimum sowing condition the most desirable Sij effects were detected
by the cross combination P; x P, for early heading (days and thermal unit), number of
spikes/plant and kernel weight, P; x Ps for early heading and maturing (days and
thermal unit), grain filling period, P, x P4 for early heading (days and thermal unit),
grain filling rate and number of spikes and grain yield/plant, P; x Ps early maturing
(days and thermal unit), grain filling period and grain filling rate P, x Ps, P, x Ps and P3
x P4 for grain yield/plant and Ps; x Pg for early heading (days and thermal unit) and
grain yield/plant.

Under late sowing date condition cross P; x P, for early heading and maturing
and grain filling period, P4x Ps early heading and maturing and grain yield/plant, P; x
P, for number of spikes/plant and grain yield/plant, P, x Ps for grain yield/plant, Ps x
P, for grain vyield/plant and Ps x Pg for number of spikes/plant and number of
kernels/spike.

Regarding susceptibility index the most desirable SCA effects were obtained
by the crosses P; x P; for number of spikes/plant, cross P;xPs for grain yield/plant P,x
P; for number of kernels/spike, P, x P, for number of kernels/plant and 100-kernel
weight, P, x Ps for grain vyield/plant, P; x P, for number of spikes/plant, Ps;xPs for
number of kernels/plant, P,xPg for number of kernels/plant and grain yield/plant and
PsxPg for number of kernels/plant.

From the present results it could be concluded that the hybrids P, x Ps and Ps
x P, seem to be the best among studied crosses as it expressed the most desirable Sij
effects for most traits under optimum and late sowing dates and for susceptibility
index, hybrid P, x Ps the most desirable Sij effects for early heading and maturing
(days and thermal unit) and grain yield/plant under late sowing condition crosses P; x
Ps and P; x Ps under optimum sowing and cross P, x Ps under late sowing are
considered to be promising hybrids for earliness 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 theses hybrids were a result of
crossing poor x good and good x good general combiners. In such hybrids, desirable

transgressive segregates would be expected in the subsequent generations, if the
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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.

The results are similar to these obtained by Abdel-Nour, Nadya (2006) and Abdel-
Nour, Nadya and Zakria (2010). Therefore, it may be prospective in wheat breeding
programs towards the development of new genotypes characterized by higher yield
potentiality and tolerance to late sowing condition.

Wheat breeders could manipulate earliness components to a cultivar, via
selection for these traits in early generation due to the additive gene action in their
genetic control. These information also help breeders is selection parental
combination that would result in the highest proportion of desirable segregates and
identify early genotypes. These genotypes should be late planting tolerant and could

be used in double cropping systems mainly, i.e. cotton-wheat system.
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