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Abstract

Six populations (P;, P,, Fy, F5, BC; and BGC,) of three bread
wheat(7riticum aestivum L.) crosses, mamely Gemmeiza 9 X
Mayon"S"//Crow"S"/Vee"S" (cross I), Attila/Sids 1 x Sakha 94
(cross II) and Mayon "S"//Crow "S"/Vee"S" x Attila /Sids 1 (cross
IIT) were used to estimate genetic parameters for grain yield/plant
and certain related characters under two nitrogen fertilizer levels;
(40 Kg N/Fed [low level] and 75 Kg N/Fed (recommended level]).
Results revealed that heterosis values were positive and significant
relative to better-parent in the three crosses under the two
nitrogen levels for most of the studied characters. Meanwhile,
heterosis values were negative and significant for number of
kernels/spike in the first and the third crosses under low level of
nitrogen N;, and the third cross under recommended level N, and
for kernel weight in the second cross under N;. In the second and
third crosses under N,, positive and significant inbreeding
depression values were recorded for all studied characters in the
first cross except for kernels/spike under both N; and N,, for
kernels/spike in the second cross under both N; and N, for
spikes/plant and grain yield in the third cross under N; and N,,
whereas negative significant values were obtained for kernels/spike
in the third cross and for kernel weight in the second and third
ones under both levels of nitrogen. Over-dominance above the
higher parent was detected for spikes/plant and grain yield in all
crosses under the two levels of nitrogen, for kernels/spike in the
first cross under N, as well as in the second cross under N; and N,
and for kernel weight in the first cross under two levels. The other
types of dominance were also studied. Scaling tests (A, B, C and D)
indicated the presence of non-allelic gene interactions for all
studied characters in all crosses under both levels of nitrogen.
Additive genetic variance was highly significant for all traits in the
three crosses under N; and N,. Dominance variance was significant
for all characters in all crosses, except for kernels/spike and kernel
weight in the second cross under N; and for all characters except
for kernels/spike in the first cross, for kernel weight in the second
cross and for all characters except for kernel weight in the third
one under N,. Epistasis effects were present for most studied traits
in the three crosses under both levels of nitrogen. F, deviations
(Ey) was significant for kernel weight in all crosses, spikes/plant in
the second and third crosses and grain yield in the second cross
under N; as well as for spikes/plant and kernel weight in all crosses
and grain yield in the first and second crosses under N,. Back-cross
deviations (E,) were significant for kernel/spike and grain yield in
the first cross, for kernel weight in the second cross and for all
characters in the third cross under N; as well as for spikes/plant
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and grain yield in the first cross, for kernels/spike and kernels
weight in the second cross and for all characters except for
spikes/plant in the third cross under N,. Broad sense heritability
estimates were relatively high under both N; and N,. Selection in
segregating generation could be effective to produce lines that
have high yielding ability under low level of nitrogen fertilizer (40
kg N/fed).
Key words: Wheat, Genetic component, Heterosis, Inbreeding
depression , Scaling test, Heritability, Six parameters
model, Nitrogen fertilizer.

INTRODUCTION

The Egyptian wheat cultivars have narrow genetic background. Selection
within these cultivars for increasing grain yield and its components would not be
effective. Hybridization between the Egyptian wheat cultivars and exotic materials was
carried out to increase genetic variability. Moreover the quantitative economic
character in wheat are highly influenced by environment conditions. Variation is
partitioned into heritable and non heritable components order to estimate suitable
genetic parameters such as genetic coefficients of variation, heritability estimates and
gene action. The improvement of wheat yield is dependent upon a better
understanding of the type of gene action underlying the inheritance of yield and its
contributing characters. Genotype by environment interaction is often described as
inconsistent differences from one environment to another (Yang and Baker 1991).

The increase in grain yield by increasing N-levels may be due to the improved
growth which may account for the superiority of yield components and grain yield. In
most of the wheat breeding programmes, the materials in the segregating generations
are grown under high fertility conditions till homozygosity is nearly attained and
progenies are ready for bulking.

Soil fertility as an environmental factor may differ from soil to another and
might affect the assessment of characters in breeding programmes programs,
especially nitrogen levels.

Assessment and quantifying the type of gene action in wheat were studied by
many investigators using many techniques to obtain genetic information for yield and
its components in wheat under various nitrogen levels. EI-Nagar (2003), Allam (2005),
and Swelam and Hassan (2007), and Abd El-Aty and Hamad (2006) reported that
additive and non-additive gene action played a great role in controlling yield and yield
components under various environments. Meanwhile, Swelam and Hassan (2007)
showed that dominance gene effects played a great role in the genetics of yield and
yield components. Heritability values and various distribution of positive and negative

alleles were investigated under various environmental conditions. In addition,
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concerning the heritability estimates, Abdel-Nour (2006), and Abdel-Nour and Hassan
(2009) reported that narrow sense heritability estimates for yield and its components
were medium to high.

Grain yield is a quantitatively inherited character and highly affected by
environmental fluctuations. Thus, direct selection for yield is misleading. Assessment
and quantifying the types of gene action for vyield attributes under different
environments may help breeder for choosing the appropriate one to improve grain
yield indirectly. Several studies were employed to ascertain the mode of gene action.
In this respect, Ketata et. a/, (1976) reported that additive and non-additive gene
effects in bread wheat governed the inheritance of grain yield and its components.
Patel and Bains (1984) indicated the role of non-allelic interaction of duplicate types
for grain yield/plant.

The present work was carried out to study genetic variance, gene action,
heritability and predicated genetic gain for yield and its components in bread wheat
using three crosses under low input level of nitrogen fertilizer. The ultimate goal of
this study is to test the effect of two nitrogen levels i.e low (40 kg N/fed) and high (75
kg N/fed) level (recommended) on the different genetic components controlling grain
yield and its components and identifying the most promising genotypes to be involved
in breeding programs for tolerance low to level of nitrogen fertilizer to sustain clean
environment and hoping high grain yield with less nitrogen fertilizer to decrease costs

in farmers fields.
MATERIALS AND METHODS

Three crosses were used in the present study. They were derived from four
widely diverse bread wheat genotypes. Names and pedigree of parental genotypes are
given in Table (1). These genotypes were used to obtain the following three crosses:
(1) Gemmeiza 9 x Mayon "S" // crow "S"/ vee "S", (2) Attila / Sids 1 x Sakha 94 and
(3) Mayon "S"/ crow"S"/vee"S" x Attila /Sids 1 .

Table 1. The Name, pedigree and origin of four parental bread wheat genotypes.

S. MNo. Name Pedigree Origin
Py Gemmeiza 9 Ald"S"/HUAC"S"//CMH74A630/Sx Egypt
P, Line 116 Mayon "S" // crow "S"/ vee "S" CIMMYT
Ps  \Promising Line 141 Attila /Sids 1 Egypt
P4 Sakha 94 Opta/Rayon // Kauz Egypt

Cultivar Gemmeiza 9 is characterized by high yield , high number of

spikes/plant and high number of kernels/spike, cultivar Sakha 94 by high yield, high
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number of spikes/plant and heavy kernel weight, Line# 116 from exotic materials by
high yield, high number of spikes/plant and high number of kernels/spike and the
promising line 141 by high yield, high number of spikes/plant and high number of
kernels /spike. The two genotypes line 116 and line 141 they are good yielders under
low level of nitrogen fertilizer.

This study was carried out at El-Giza Research Station of ARC during the two
successive seasons 2007/2008 and 2008/2009. The final experiment (the third season
in 2009/2010) was conducted at Kafer El-Hamam Research Station, El-Sharkia
Governorate, Agriculture Research Center, ARC. In the first season (2007/2008), the
parental genotypes were sown at three planting dates and the three crosses were
made among the parents to produce F; hybrid seeds designed as follows:

1- Cross I : Gemmiza 9 x Line 116 (P; x P,).
2- Cross II: Promising line 141 x Sakha 94 (Ps x P4).
3- Cross III : line 116 x Promising line 141 (P, x P3).

In the second season (2008/2009), crosses were made between the F; hybrid
of each cross and its two respective parents to produce the BC; and BC, populations.
Crossing was repeated to ensure enough more fresh hybrid seeds, some of F; hybrid
plants were selfed to produce the F, seeds and some parental spikes were also selfed
to maintain the parental purity.

In the third season (2009/2010), the six populations including the two
parents, the F; hybrids, F, populations and both back-crosses of each cross, were
sown in a randomized complete block design (RCBD) with three replicates. Each
replicate consisted of four rows from each of the parents and F; hybrid, six rows from
the back-crosses and eight rows from the F, populations. Rows were 4 m long and 30
¢m apart and 10 cm between plants within the row. Each of the two nitrogen levels i.e., 40 kg
N/fed (low) and 75 kg N/fed (recommended) were applied and each nitrogen level represented a
separate experiment. Soil characterization of the experimental site during 2009/2010
season are listed in Table (2). Phosphorous fertilizer (15 kg P,Os/ fed) as calcium
super phosphate (15% P,0s) was added with land preparation. Recommended cultural
practices for wheat were applied except for nitrogen levels. The preceding crop was

cotton .
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Table 2. Soil status at the experimental farm of Kafr El-Hamam Research station at
Sharkia (Egypt).

Characteristics 2009 / 2010 season
Chemical analysis
Ec 0.56
Ph 8.60
K ppm 62.5
P ppm 41
N ppm 14.5
Mechanical analysis
Fine Sand % 26.90
Silt % 30.50
Clay % 40.91
Soil Texture clay

Data were recorded on individual guarded plants from each plot (80 plants from
F,, 60 plants from back-crosses and 20 plants from each parents and F;) for number of
spikes/plant, number of kernels/spike, 100-kernel weight (g) and grain yield/plant (g). The
proper cultural practices were applied as recommended for wheat production in both
experiments.
Statistical and genetic analysis

To determine the presence or absence of non-allelic interaction, scaling test as
outlined by Mather (1949) was used. The quantities A, B, C and D and their variances
have been calculated to test the adequacy of the additive-dominance model in each
case where:
A =2BC —_Pl —_F1
B = 2BC, P, - F;
C=Fr-2Fi-Pi-P,
D = 2F, - BC, - BG,

And L

V (A) = 4V(BC;) + V(P,) + V(Fy)

V (B) = 4V(BCy) + V(P,) + V(F)

V (C) = 16V(F;) + 4V(F;) + V(Py) + V(Py)
V (D) = 4V(F) + V(BC,) + V(BC,)
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The standard error of A, B, C and D was obtained by taking the square root of
respective variances. T-Test values are calculated upon dividing the effects of A, B, C
and D by their respective standard errors.

Type of gene effects were estimated according to Gamble (1962) as follows:

The standard error of a, d, aa, ad and dd is obtained by taking the square root
of respective variances. T-Test values were calculated upon dividing the effects a, d,
aa, ad and dd by their respective standard error.

_

a= B_Cl— BC, . .
d=F-4F-1/2 (Pl) -1/2 (Pz) + 2 BC; + (2 BCy)
aa —&Cl) + ZLBczu F, .

ad =BC;-1/2(P1)-BG +1/2(P) _

dd = P;— P, — 2F; + 4F, — 4(BC,) — 4(BC,)

and _

V(m)=V (F2) _

V(a) =V(BG) +V(BG) L
V(d) —V(F1)+16V(F2)+1/4V(P1)+1/4V(P2)+4V(BC1)+4V(BC2)
V(aa)= 4V(BC1) + 4V(BC2) + 16 V(Fz)

V(ad)= V(BCy) + 1/4V (Py) + V (BGy) + 1/4 V(Pz) L
V(dd)= V(P,) + V(P,) +4V(F,)+16V(F,)+16V(BC;)+16V(BC,)

The amount of heterosis was expressed as the percentage increase of F;
above better parent values. Inbreeding depression was calculated as the difference
between the F; and F, means expressed as percentage of the F; mean. The T-test was
used to determine the significance of these deviations where the standard error (S.E.)

was calculated as follows:

S. E. for bettEr parent heterosis
Fi,—BP = ( VF; + VBP)"?

And S. E. for inbreeding depression :
Fi—F, = (VF; + VFy) 2

In addition F, deviation (E;) and back-crosses deviation (E,) were measured
as suggested by Mather and Jinks (1971). Potence ratio (P) was also calculated

according to Peter and Frey (1966).
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Heritability in broad and narrow sense was calculated according to Mather
(1949). Furthermore the predicated genetic advance (Ag) from selection was computed
according to Johanson et. a/(1955) using 5% selection intensity.

The genetic gain as percentage of the F, mean performance (Ag %) was

computed using the method of Miller et. a/(1958).
RESULTS AND DISCUSSION

Mean performance

Mean performance of different characters for all populations and their
standard errors for the three bread wheat crosses under two levels of nitrogen
fertilizer are illustrated in Table (3).
Mode of gene action

As shown in Table (4) the scaling test (A, B, C and D) for the studied
characters indicated that at least one of the non-allelic interactions is significant for all
the studied traits except No. of spikes/plant in cross 1 under the low level of nitrogen
fertilizer, indicating the adequacy of the six parameters model to explain the type of
gene action controlling the traits in the three crosses under two levels of nitrogen
fertilizer. These results assured the contribution of epistatic gene effect in the
performance of these traits. In all studied traits, the mean effects parameters (m)
which reflect the contribution due to the overall mean plus the locus effects and
interactions of the fixed loci, was highly significant, with the exception of grain
yield/plant in the third cross under high level of nitrogen fertilizer; the additive genetic
estimates was highly significant. These results indicate the potentiality of improving
the performance of these traits by using a pedigree selection program. Similar results
were obtained by Abdel-Nour, (2006), Abdel-Nour, and Hassan, (2009) and El-Gabery
et. al., (2009).
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Table 3.
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Also, the major contribution by dominance gene effects to variation in these
crosses under the two levels of nitrogen fertilizer for most traits is indicated by relative
magnitude of the parameter dominance (d) to the parameter (m). In addition, the
estimates of dominance effects were significant except for kernels/spike and kernel
weight in the second cross under low level of nitrogen, and also were significant under
recommended level except for spikes/plant in the second cross, kernels/spike in the
first and second crosses and kernel weight in the third cross, indicating the importance
of dominance gene effects in the inheritance of all traits under both levels of nitrogen
fertilizer.

Significant additive (a) and dominance (d) components indicated that both
additive and dominance effects were important for these traits under study and the
selection should be achieved in advanced generations as homozygosity become
fixable. Similar conclusion was obtained by Abdel-Nour, (2006), Abdel-Nour, and
Hassan, (2009) and El-Gabery et. al., (2009).

Significant estimates for epistatic gene effects for one or more of the three
epistasis types were exhibited in the three crosses for all studied traits under both
levels of nitrogen fertilizer, except additive x additive, additive x dominance and
dominance x dominance in the first cross and additive x dominance in the second
cross for spikes/plant, additive x dominance in the first cross for kernels /spike,
additive x additive in the first and second crosses, and dominance x dominance in the
first and third crosses for kernel weight and additive x additive and additive x
dominance in first cross for grain yield/plant under low level of nitrogen fertilizer. Also
additive x dominance in the first and second crosses for spikes/plant, additive x
additive in the first and third crosses for kernels/spike, additive x additive in the
second and third crosses for kernel weight and additive x dominance and dominance x
dominance in the first cross for grain yield/plant under recommended level of nitrogen

fertilizer.
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Table 4.
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Generally, the absolute magnitudes of the epistatic effects were larger than
the additive or dominance gene effects in the most cases. Therefore, it could be
concluded that epistatic effect was important as a major contributor in the
performance of these cases. These results agree with the idea that the inheritance of
qualitative characters is generally more complex than single quantitative characters.
Similar results were obtained by Abdel-Nour, (2006).

Heterosis relative to the better parent, inbreeding depression percentage,
potence ratio (P), F, deviation (E;), back-crosses deviation (E,), heritability and
genetic advace estimates in each cross under both levels of nitrogen fertilizer for the
studied characters are given in Table (5).

Significant positive heterosis was found for spikes/plant and grain yield/plant
in the three crosses under the two levels of nitrogen and kernels/spike in the second
cross under low level of nitrogen and meantime, heterosis percentage was highly
significant for kernels/spike in the first and second crosses and kernel weight in the
first cross under recommended level of nitrogen fertilizer. On the other side, negative
significant heterosis values were revealed for kernels/spike in the first and third
crosses and kernels weight in the second cross under 40kg N/fed and kernels/spike in
the third cross and kernel weight in the second cross under 75 kg N/fed. Significant
positive hetrotic effects were obtained for yield and yield components, in the three
crosses under both levels of nitrogen fertilizer. These results indicated the large
diversity of parents in their genetic constitution. Similar findings were reported by
Abdel-Nour, (2006), Abdel-Nour, and Hassan, (2009) and El-Gabry et. a/., (2009).

Number of spikes/plant, number of kernels/spike and kernel weight are the
main components of grain yield/plant. Hence, heterotic increase if found in one or
more attributes with other attributes being constant would lead to favorable yield
increase in hybrids. The lack of significance in heterosis of kernel weight in the first
and third crosses under low level of nitrogen and third cross alone under
recommended level of nitrogen could be due to the lower magnitude of the non-
additive gene action. These results are in agreement with Ketata et. al/,, (1976).

The recommended heterosis effects estimated for the most studied characters
indicated the importance of such crosses in wheat breeding programs for improving
grain yield/plant and its main components.

Significant inbreeding depression was found for all characters except
kernels/spike in the first cross; spikes/plant and grain yield/plant in the second cross
and kernels/spike and kernel weight in the third one under both levels of nitrogen
fertilizer. However, significant negative inbreeding depression (inbreeding gain) was

detected for kernels/spike in the third cross and kernel weight in the second and third
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ones under both levels of nitrogen fertilizer. This is a positive result, since the
expression of heterosis in F; may be followed by a considerable reduction in F,
performance.

The information about inbreeding depression is useful to test the potentiality
of F, seeds after reducing the heterosis in F, generation due to the reduction of
heterozygousity caused by inbreeding. Thus, it is logical expectation that the
expression of heterosis in F; may be followed by reduction in F, performance for some
of the studied traits especially these having high heterosis values.

The obtained results for most cases were in harmony with those obtained by
Abdel-Nour, (2006) and El-Gabry et. a/.,(2009).

Significant heterosis and insignificant inbreeding depression were obtained for
spikes/plant and grain yield/plant in the second cross under both levels of nitrogen
fertilizer and kernels/spike alone in the first cross under recommended level of
nitrogen. The contradiction between heterosis and inbreeding depression estimates
could be due to the presence of linkage between genes in these materials (Van der
Veen 1959).
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Table 5
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Potence ratio given in Table (5), indicated that over-dominance towards the
higher parent for all characters except kernels/spike in the first and the third crosses
under 40kg N/fed, and in the third one under 75 Kg N /fed; and kernel weight in the
second and the third crosses under 40 and 75 Kg N/fed. Meantime over-dominance
towards the lower parent was found for kernels/spike in the third cross and kernel
weight in the second cross under both 40 and 75Kg N/fed. Complete dominance was
found for kernels weight in the third cross. Meanwhile, partial dominance towards the
higher parent was detected for kernel weight in the third cross under 75 kg N/fed.
These results are in harmony with those obtained by Ketata et. a/, (1976), Abdel-
Nour, (2006), El-Gabery et. al., (2009) and Abdel-Nour, and Hassan, (2009).

Significant positive F, deviations (E;) were indicated for spikes/plant and
kernel weight in the second and the third crosses and grain yield/plant in the second
cross under low level of nitrogen fertilizer; and for spikes/plant in the second cross,
kernel weight in the third cross and for grain yield/plant in the first and the second
crosses under recommended level of nitrogen fertilizer. Meanwhile, significant
negative (E;) values were obtained for kernel weight in the first cross under low level
of nitrogen fertilizer, for spikes/plant in the first and the third crosses, kernel weight in
the first and the second crosses under recommended level of nitrogen fertilizer. These
results may refer to the contribution of epistatic gene effects in the performance of
these characters.

On the other hand, insignificant F, deviations were detected for spikes/plant in
the first cross, kernels /spike in all crosses and grain yield/plant in the first and the
third crosses under low level of nitrogen fertilizer; for kernels/spike in all crosses and
grain yield/plant in the third one under recommended level of nitrogen fertilizer. This
may indicate that the epistatic gene effects have a minor contribution in the
inheritance of these characters.

Backcross deviation (E;) was significant for all characters in all crosses except
for spikes/plant in the first and the second crosses, kernels/spike and grain yield/plant in
the second cross and kernel weight in the first cross under low level of nitrogen
fertilizer; for spikes/plant in the second and the third crosses, kernels/spike and kernel
weight in the first cross and grain yield/plant in the second one under recommended
level of nitrogen fertilizer. These results would ascertain the presence of epistasis in a
such large magnitude as to warrant great deal of attention in breeding programs.

Heritability estimates in both broad and narrow sense are presented in Table
(5). High heritability values in broad sense were detected for all studied characters in

the three crosses under both low and recommended levels of nitrogen fertilizer.
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High to moderate estimates of narrow sense heritability were found for all
studied characters in all crosses under both low and recommended levels of nitrogen
fertilizer. The differences in magnitude between broad and narrow sense heritability
estimates of all studied characters would ascertain the presence of both additive and
non-additive gene effects in the inheritance of these characters. This conclusion was
also confirmed by estimates of gene action parameters. Similar results were obtained
by Abdel-Nour, (2006), Abdel-Nour, and Hassan (2009) and El-Gabery et. a/., (2009).

The values of expected genetic advance (Ag) reported in Table (5) show the
possible gain from selection as percent increase in the Fs; families over their selected F,
plants. Genetic gain was rather moderate to high for spikes/plant, low to moderate for
kernels/spike and kernel weight and moderate for grain yield/plant in all crosses under the
two levels of nitrogen fertilizer. These results indicate the possibility of practicing selection
in early segregating generation to enhance these characters and hence selecting high
yielding genotypes. Similar results were obtained by Abdel-Nour, (2006) and El-Gabery et.
al., (2009).

Johanson et. al., (1955) reported that heritability estimates along with genetic
gain upon selection are more variable than the former alone in predicting the effect of
selection. On the other hand, Dixit et. a/, (1970) pointed out that high heritability is
not always associated with high genetic advance, but in order to make effective
selection, high heritability should be associated with high genetic gain.

Quantitative characters having high heritability values may be of great
importance for selection on the basis of phenotypic performance, in most traits under
study.

The results of this study indicated that selection could be effective in early
generation when the additive gene effects play an important role in the inheritance of
the characters under study while the selection will be more effective in the late
segregating generation if the dominance gene effects have the greatest contribution in
the inheritance of the desired characters and the selection procedure based on the
accumulation of additive effects may be very successful in improving of these
characters.

In general, the most of biometrical parameters resulted from the first cross
were higher in magnitude under the recommended level of nitrogen fertilizer than
those obtained under the low level of nitrogen fertilizer, but in the second and third
crosses were high under both low and recommended levels of nitrogen and would be
of interest in breeding programmes under these conditions.

Generally, most biometrical parameters resulted from the first cross was

higher in magnitude under recommended level of nitrogen fertilizer than those
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obtained from the low level of nitrogen fertilizer, but the second and third crosses high
under both low and recommended levels of nitrogen and would be of interest in
breeding programmes under these conditions.

Consequently, it could be concluded that the Line 141 (Attila/Sids 1), the
second and the third crosses (Attila /Sids1 x Sakha 94) and (Mayon "S" // Crow"S" /
Vre"S" x Attila /Sids 1) would be of interst in breeding programs under low input of

nitrogen fertilizer for brining about the maximum genetic improvement.
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