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ABSTRACT: A diallel cross set was carried out among six parents of common wheat
without reciprocal crosses to study the inheritance of heading date, maturity date, plant
height, spike length, number of spikes per plant, number of kernels per spike,1000 grain
weight and grain yield per plant using Hayman approach and Jones method. The parental
varieties and their possible 15 crosses were sown under two different nitrogen levels
i.e.,70 kg /faddan (normal) and 35 kg/faddan (stress) using randomized complete block
design with three replicates per each nitrogen level . The diallel cross analysis were
carried out using the approaches proposed by Hayman (1954) and Jones (1965).

Mean squares for fertilizations were found to be significant for all traits studied except
days to maturity and plant height, indicating differences between the two different
nitrogen fertilization levels for most characters.

Genotypes, parents and the resultant crosses mean squares were found to be highly
significant for most traits studied at the two different nitrogen levels and their combined
data.

The additive genetic variance ( f) ) was found to be highly significant for all traits
studied at the two different nitrogen fertilizations except humber of grains per spike and
grain yield per plant at the two different nitrogen levels .

The dominance genetic variation H1 and ﬁz were found to be highly significant for all
traits studied at the two different nitrogen fertilizations. Moreover, the estimated values

— —

of dominance components Hl and H2 were found to be greater in their magnitude

than the corresponding additive genetic variations ( D ) for most ftraits under
investigation.

Estimates of the ratio of dominant to recessive alleles in the parents (Kp / Kg) were found
to be more than unity for all traits studied at the two different nitrogen levels, except
grain yield per plant.

Moderate heritability values were detected for heading date, plant height and spike
length . For the other traits, low heritability in narrow sense was detected.

The additive genetic variance (a) was found to be highly significant for all characters
studied at both two nitrogen fertilizer levels. The dominance genetic variation (b) was
highly significant for all-characters studied at the different two nitrogen fertilizer levels.
The (a) values were found to be larger in magnitude than the corresponding (b) values for
most traits studied.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the
most important cereal crop in Egypt.
Increasing wheat production to
narrowing the gap between production
and consumption is vital in Egypt. Big
variation in wheat productivity in
different parts of the country should be
reduced to achieve high productivity,
through using wheat breeding programs
and developing new set of wheat
varieties with high yielding capacity.

Egypt is the most importing country of
wheat worldwide producing about 8.5
million tons per year, while the annual
requirements are about 13.5 million tons.

The diallel analysis provides a unique
opportunity to test a number of lines in
all possible combinations. The present
study is aimed to evaluate of the different
genetic components according to
Hayman (1954) and Jones (1965).

MATERIALS AND METHODS

The experiment was carried out at
Shebin El-kom Agricultural Research
Station Fac. of Agric.,, Menoufia
University during the two successive
seasons 2014/2015 and 2015/2016.The
Egyptian wheat genotypes (Sids12,
Gemmieza-11, Line1, Line2, Line3 and
Line4) representing a wide range of
variability were provided by Agriculture
Research Center (ARC), Egypt. These
cultivars were selected to study the
genetic components according to
(Hayman 1954) and (Jones 1965).

A diallel cross without reciprocal set
was carried out among the six parents in
2014/2015 growing season. The parental
varieties and their possible 15 crosses
were sown in 2015/2016 under two
nitrogen fertilizer levels 30 kg. Nitrogen
per fadden and 70 Kkg. Nitrogen per

fadden, which would be mentioned in the
text as stress condition (S) and normal
condition (N), respectively.

The two experiments were arranged in
a randomized complete block design with
three replicates per each fertilizer level.
Each plot comprised single rows 3
meters long with 30 cm. between rows,
plants within rows were 10 cm. apart
allowing a total of 30 plants per plot.
Normal agricultural practices were
applied as usual for the ordinary wheat
fields in the area. Ten guarded plants
were randomly selected from each plot
for subsequent measurements as
follows:
Days to heading.
Days to maturity.
Plant height (cm).
Number of spikes /plant.
Spike length (cm).
Number of grains per spike.
1000- grain weight (gm).
Grain yield / plant (gm).
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Statistical procedures

Two steps are involved in the analysis
of the data. The first step is the ordinary
analysis of variance. Only when the
significant differences among the parents
and F.’s are established, there is need to
proceed for second step analysis, i.e.
Hayman method (1954) and Jones
method (1965). The combined analysis of
the two nitrogen levels was done to test
the interaction of the different genetic
parameters with the two different
fertilizer levels and that was done
whenever the homogeneity of variances
was detected.

The genetic parameters were
estimated according to the procedure
described by Hayman (1954) and (Jones
1965). Heritability in narrow-sense was
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also estimated according to Mather and
Jinks (1982).
RESULTS AND DISCUSSION

The gaining of the maximum and
quick improvement of varieties is
depending up on the estimation of the
type and relative magnitude of the
genetic variance involved in inheritance
of the characters under study. Diallel
cross analysis has been used to estimate
the different genetic components which
make decisition dealing with the traits in
view.

For better representation and
discussion of the results obtained herein,
it would be preferred to outline these
results into three parts as follows:

1. Variation and interaction with
two different nitrogen levels.

Mean performance of the six parent
and their fifteen crosses under the two
different nitrogen levels with the
combined data for all traits studied i.e.
Days to heading ,days to maturity , plant
height, number of spikes per plant, spike
length , 1000-grain weight , number of
grains per spike , and grain yield per
plant are given in Table (1). Mean values
of normal fertilization (N) were found to
be relatively better than those of stress
fertilization (S) Iin most traits under
investigation.

The analysis of variance of each
nitrogen levels together with the
combined data for all traits studied under
normal fertilization (N) and stress
fertilization (S) with the combined data
are presented in Table (2).

Nitrogen fertilizer levels mean squares
were found to be significant for all traits
studied except days to maturity, and
plant height.

Genotypes and the resultant 15
crosses mean squares were found to be
highly significant for most traits studied
at the two different nitrogen levels and

their combined data, indicating the wide
diversity among these populations used
in the present study

Parent mean squares were found to be
highly significate for all traits studied at
the two different nitrogen levels and their
combined data, except plant height under
stress condition, indicating that parental
varieties and /or lines differed in their
mean performance in all traits except
plant height under stress condition.

Parents Vs crosses mean squares as
an indication to average heterosis overall
crosses, were found to be highly
significant for all traits studied at the two
different nitrogen levels and their
combined data except 1000 grain weight .
This may indicate that the average
heterosis could be pronounced for these
traits (Table 2).

The interaction of genotypes with the
two different nitrogen levels were found
to be highly significant for number of
spike per plant, spike length and grain
yield per plant reflecting that these
entries behaved differently from nitrogen
level to another.

The interactions of the two different
nitrogen levels with parents were found
to be significant for all traits studied
except days to heading, plant height and
1000 grain weight.

The interactions of the resultant
crosses with the two different nitrogen
levels were found to be highly significant
for no. of spikes per plant, no. of grains
per spike and grain yield per plant.

The interactions of parents Vs crosses
with the two different nitrogen levels
were found to be significant for no. of
grains per spike and grain yield per plant,
indicating the influence of the two
different nitrogen levels with these two
traits. Consequently, it could therefore be
concluded that the test of potential
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parents for expression of heterosis would be necessarily conducting over

Table 1
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a number of environmental conditions.
Also, genetic diversity alone would not
guarantee the expression of heterosis,
but the suitability of the environments
would be required in case of the above
mentioned two characters. The same
results were previously obtained by EL-
Refaey et al., (2010), Al-Naggar et al.,
(2015), Kumar et al., (2015) and Ali (2018).

2. Hayman’s method (1954):

Genetic components and
heritability

Hayman (1954) suggested certain
assumptions which need to be fulfilled
for valid diallel analysis. These include
homozygous parents, diploid
segregation, no reciprocal differences,
no genotype environmental interaction,
no epistasis, no multiple alleles and
uncorrelated gene distribution. Failure of
any one or any combinations of the
assumptions invalidates to some degree
the conclusion obtained by means of
analysis.

The data obtained here were
subjected to the genetical analysis of half
diallel table as described by Hayman
(1954). The mean values of each cross
were used to estimate the different

genetic components of variation f),

F,H,,H,, h?> and F as defined by
Hayman (1954).The different genetic
components of variation and their
portions for all traits studied at the two
different fertilizer level , are given in
Table (3).

The additive genetic variance (D ) was
found to be exceeded its standard error
for all traits studied at the two different
nitrogen fertilizations except number of
grains per spike and grain yield per plant
at the two different nitrogen levels |,
confirming the importance of additive
effects in the inheritance of these traits .
These results are in harmony with those
previously obtained by Al-Naggar (2015)
and Ali (2018).

The presence of dominance genetic

variation H,and ﬁzwere found to be

exceeded its standard error for all traits
studied at the two different nitrogen
fertilizations. Moreover, the estimated
values of dominance components

H,and H, were found to be greater in
their magnitude than the corresponding
additive genetic variations (D) for all
traits under investigation. These results
indicated that the dominance genetic
variations had greater role in the
inheritance of all traits under study.
Similar results were previously obtained
by Okan (2009), EL-Refaey et al., (2010),
Ullah et al.,, (2010) and Ahmad et al.,
(2016), Al-Naggar (2015) and Ali (2018).

A positive F value indicates an excess
of dominant genes while a negative value
indicates an excess of recessive genes.
In the present investigation, the positive
values of (F) showed that there were
more dominant genes present in the
parental varieties than recessive alleles,
irrespective of whether these dominant
alleles are increasing or decreasing in
their effects for all traits studied under
the two different levels of fertilizations
except grain yield per plant under normal
fertilizations. Consequently, the excess
of genes either dominant or recessive
controlling these three traits were
consistent at the two  different
environments.

The overall dominance effects, as the
algebric sum over all loci in
heterozygotes in all crosses symbolized
as (hz) were found to be exceeded its
standard errors for heading date maturity
date, no. of grains /spike., plant height,
no. of spikes /plant under the two
nitrogen levels and grain yield /plant at
the stress condition only, indicating the
prevalence of dominant effect over all
loci in all crosses.

Insignificant estimates of (hz) were
detected for, spike length and 1000grain
weight at both nitrogen fertilizations and
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grain yield /plant at normal fertilization
and that would indicate the absence of
the dominance effect over all loci in the
heterozygotes in all crosses and that

could be due to presence of a
considerable amount of canceling
dominance effects in the parental

varieties. Similar results were previously
obtained by Okan (2009), Kumar et al.,
(2015) and Ali (2018).

The average degree of dominance

(H1/D)"™ was found be greater than
unity at the two different nitrogen levels
for all traits under investigations,
indicating the presence of over
dominance for these traits.

When positive and negative genes are
equally distributed in the parental
varieties, the proportion (H2/4H1) is
expected to be 0.25. The estimated
values of (H2/4111)were found to be
close to this value (0.25) for grain yield
Iplant; indicating that positive and
negative alleles were equally distributed
among the parents for this trait.
However, the estimated values of

(1312141311) were fund to be below (0.25)

for the remainder of the character
studied, indicating that positive and
negative alleles were not equally

distributed among the parents in these
traits.

Estimates of the ratio of dominant to
recessive alleles in the parents (Kp / KR)
were found to be more than unity for all
traits studied at the two different nitrogen
levels, except grain yield per plant at the
normal nitrogen level only. This further

confirming the existence of more
dominant than recessive genes in the
parental varieties as previously

discussed concerning the positive values
of (F) parameter. It is of interest to
mention that , Kp\KR ratio was found to
be more than unity for grain yield per
plant at the stress condition but it was
less than unity at the normal nitrogen
fertilizer level (Table 3) this indicate an
excess of dominant genes at nitrogen
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level and excess of recessive genes at
the other nitrogen level , suggesting that
the excess of dominant or recessive
genes controlling this trait was not
consistent at the two different levels,
therefor the degree of dominance or
recessiveness may be determined by
growing conditions. Similar results were
previously obtained by Abd El Rahman et
al., (2008), Kumar et al., (2015), Fellahi et
al., (2016) and Ali (2018).

The correlation coefficient (r) between
the parental values (Y,) and the parental
order of dominance (Wr + Vr) for all
characters studied at the two different
fertilizer levels are presented in Table (3).
If the correlation is negative, it means
that the parents containing most
increasing genes have the lowest values
of (Wr + Vr) and thus contain most
dominant genes, and the correlation
would be positive if the case is reverse.
Thus, on this basis, it could be
concluded whether or not the increasing
or decreasing genes are the dominant
ones. Also, when the correlation between
parental mean values and (Wr + Vr) is
small, it suggests that the dominant
genes with positive and negative effects
in the parental line could be in equal
proportions. If the correlation coefficient
is high, the most dominant alleles will act
in one direction and most recessive
alleles will act in the opposite one
(Hayman, 1954). In the present study, the
correlation coefficients were found to be
negative for all traits studied except
number of (grains\spike at stress
condition and spike length at the two
different fertilizer levels, however days to
heading, days to maturity and number of
spikes per plant at the two different
fertilizers and spike length at normal
condition and grain yield per plant at
stress condition were found to be highly
significant, and that would indicate the
prevalence of dominant genes.
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It is of interest to mention that the
sign of the correlation coefficient values
for number of grains per spike were
found to be different at the two different
fertilizer levels which would ascertain
that dominant genes could be increases
or decreases according to the growing
environmental conditions. The estimated
values of correlation coefficient were
found to be low for plant height, number
of grains per spike and 1000 grain weight
at both nitrogen levels which would
indicate that the dominant genes of

positive and negative effects in the
parental lines could be in equal
proportion.

Heritability in narrow sense was
estimated for all the studied characters at
the two different fertilizer levels are
presented in Table (3). Moderate

heritability values were detected for
heading date, plant height and spike
length Therefore, the genetic system
controlling these traits might be
attributed to additive effects of genes.
Consequently, pedigree selection
program for these characters would be
preferred for other traits; low heritability
in narrow sense was detected. Therefore,
breeding programs towards pure line
selections seemed to be meaningless.
Therefore, the bulk method program for
these traits might be quite promising.
These results are in harmony with Al-
Naggar et al., (2015), Ahmed et al., (2016),
Salehi et al., (2014), Ali (2018) and
Farshadfar et al., (2013).

3- Jones Method (1965)

The data obtaind here in were
subjected further to the analysis of
wariance of the diallel table as suggested
by Jones (1965) to test the existence of
both additive variation and dominance
variation which controlled the inheritance
of the characters under study (Table 4).
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In Jones model, the (a) component
which test the existence of additive
effects control the inheritance of the
characters under study were found to be
higly significant for all characters studied
in both n and s , these results are
ascertained by the significant values of
additive variation which obtained from
the methods studied i.e. Hayman (1954)
for most characcters under study (Table
3). Jones method also, exhibited that the
(b) items were highly significant for all
characters studied under both nitrogen
fertilizer levels which indicating the
existence of dominance variation of
some loci. The (b) item, main effects, has
been spilt into three components, b1, b2,
and b3. In general item (b1) is considered
as ameasure of the mean deviation of the
F.’s from their mid parental values were
found to be highly significant for all
characters studied under the two
nitrogen fertilizer levels except for spike
length under both N and S . These results
are in harmony with those previously
obtained for the corresponding parent vs.
crosses mean squares (Table 2) . Item
(b2) which is taken as a further
dominance deviation due to
asymmetrical gene distribution were
detected to be highly significant for all
traits studied under both nitrogen levels ,
reflecting the asymmetry of the gene
frequency in the parental lines.

The item (b3) which is considered a
test of the part of dominance deviation
that is unique for each F1 (Hayman 1954)
were found to be highly significant for all
traits under study at both nitrogen levels

It is worth to mention that, the (a)
values were found to be lager in
magnitude than the corresponding (b)
values for most traits studied (Table 4).

Similar results in wheat were
previously obtained by Farshadfar et al.,
(2012) and Rania A.R. El-Said (2018).
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Table (4). The analysis of variance of the dialle table (Jones method 1965)

Heading date Maturity date
sv(::i'::czf D.F Stress Normal Stress Normal
M.S M.S M.S M.S
a 5 42.220** 44.865** 3.298* 4.378**
b 15 11.857** 11.188** 3.545* 3.789*
b1 1 112.933** 100.119** 17.143** 26.312**
b2 5 8.865* 9.063* 1.493* 1.349**
b3 9 2.289* 2.486* 3174 2.643*
Error 40 0.248 0.142 0.181 0.103
Table (4). Cont.
Plant height (cm) No. of spikes/plant
Source of variance | D.F Stress Normal Stress Normal
M.S M.S M.S M.S
a 5 41.591** 47.646** 2.855* 4.400**
b 15 10.148** 16.455** 3.652* 5.380*
b1 1 17.238** 20.318* 19.480** 12.787**
b2 5 10.466** 17.909** 0.886** 3.451*
b3 9 9.183* 15.218** 3.430* 5.629*
Error 40 0.279 0.516 0.146 0.131
Table (4). Cont.
No . of grains/spike Spike length
Source of
variance D.F Stress Normal Stress Normal
M.S M.S M.S M.S
a 5 115.980** 281.224* 5.305* 5.957*
b 15 117.417** 185.213** 1.699** 1.269**
b1 1 681.925* 970.954** 0.192 0.112
b2 5 97.697** 201.956** 2.018* 0.988**
b3 9 65.649** 88.606** 1.690** 1.5654**
Error 40 0432 0.785 0.098 0.134
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Table (4). Cont.

1000 - Grain weight Grain yield/plant
Source of
variance D.F Stress Normal Stress Normal
M.S M.S M.S M.S
a 5 26.284** 24.736** 14.128** 7.912*
b 15 27.818* 33.526** 5.907* 33.260**
b1 1 5.230* 8.230* 5.044* 201.958**
b2 5 29.377* 37.672* 4.387* 5.516*
b3 9 29.461** 34.033* 6.847* 29.928*
Error 40 0.188 0.162 0.137 0.22
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