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D ue to the world’s population is ex-
pected to reach approximately 9
billion by the year 2050, food security has
become an outstanding challenge to reach
zero hunger and keep world peace. To
meet the food demands of the growing
world’s population, grain production of
major food crops must be doubled by
2050 (Semenov and Stratonovitch, 2013;
Tilman et al., 2011 and FAO, 2009).

Wheat is one of the vital food grain
crops and is the most widely adapted cere-
al crops worldwide (FAO, 2016). Over
35% of the global human population de-
pends on wheat as a staple food crop and
accounts for 20% of the calories con-
sumed by humans (Kim et al., 2017). Im-
proving grain yield of wheat is the main
goal in wheat breeding programs (Guo et
al., 2018; Kim et al., 2017). Grain yield
and its components are complex traits and
controlled by multiple quantitative trait
loci (QTLs) and modified by environmen-
tal conditions. Grain yield of wheat is de-
termined by spikes per unit area, grains
per spike and grain weight (Zhou et al.,
2017).
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An important strategy to improve
grain yield potential of wheat is the utili-
zation of transgressive segregation phe-
nomenon. Many workers defined trans-
gressive segregation as a fraction of indi-
viduals that exceed parental values in neg-
ative or positive direction in segregating
hybrid populations (Grant, 1975; de Vi-
cente & Tanksley, 1993; Rieseberg et al.,
1999; Mackay et al., 2020). Rieseberg et
al., (1999) demonstrated that transgressive
segregation occurs when phenotypic trait
values in hybrid populations fall outside
the range of the parents. They added that
transgressive  segregation demonstrates
how hybridization can produce novel phe-
notypes and enable adaptation to new eco-
logical niches, found new lineages and
plays a significant and creative role in
evolution. Moreover, they pointed out that
transgressive segregation is distinct from
heterosis because it manifests predomi-
nantly in the F, and later generations.
Transgressive segregations were observed
in plant and animal segregating hybrid
populations. At least one transgressive
character was reported in 155 reviewed
studies and 44% out of 1229 examined
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characters were transgressive (Rieseberg
et al., 2003).

Observations on transgressive seg-
regations in segregating hybrid popula-
tions of wheat were previously reported
(Yadav et al., 1998; Yadav et al., 1992
and Smith, 1966). Goulet et al., (2017)
reported that Grant, (1975) credits Nils-
son-Ehle, (1911) with one of the earliest
explicit proposals of the transgressive
segregation phenomenon in wheat (Triti-
cum aestivum L.).

The phenomenon of transgressive
segregation was exploited for improving
yield in wheat (Yadav et al., 1998) and in
barley (Vega and Frey, 1980) and for de-
veloping resistant wheat genotypes to leaf
rust (Broers and Jacobs, 1989 and Yadav
et al., 1992). Recently, Guindon et al.,
(2018) studied the transgressive segrega-
tions observed in F, and F; generations
from a cross between two pea varieties.
They observed high frequency of trans-
gressive segregations in F; for number of
pods (15.5%) and number of seeds
(13.6%). Raval et al., (2018) studied the
transgressive segregation in desi chickpea.
Number of branches per plant, days to
flowering and days to maturity, number of
pods per plant and seed yield per plant
recorded greater number of transgressive
segregants. Shreya et al., (2017) evaluated
four crosses of groundnut. They selected
transgressive segregations for total bio-
mass, harvest index, shoot weight, root
weight, shelling out-turn, mature pod
weight and kernel weight per plant.
Koseoglu et al., (2017) identified trans-
gressive segregations in reciprocal inter-

specific crosses between C. arietinum and
C. reticulatum Ladiz. Mao et al., (2011)
observed transgressive segregation for
kilo-gram weight in a recombinant inbred
line population of rice derived from the
cross between an indica variety, Teqing,
and a wide compatible japonica variety,
02428.

The present study was undertaken
on a hybrid population between wheat
mutant line 10 (WM10) and Gemmeiza 9
cultivar of bread wheat. Moreover, a se-
lected transgressive segregation from F,
was field evaluated in the F; generation
for number of spikelets/spike, number of
kernels/spike, number of kernels/spikelet,
number of fertile spikes/plant, 1000 kernel
weight (g) and grain yield/plant (g). The
aims of this study were to: (1) create new
genetic variation, (2) phenotypic evalua-
tion of F, and F; segregated populations
and (3) estimate interrelationships be-
tween all possible pairs of studied traits to
help in selection for transgressd traits in
the current transgressive hybrid popula-
tion.

MATERIALS AND METHODS

Plant materials

Wheat mutant line 10 (WM10) and
Gemmeiza 9 cultivar were crossed and
used as parents in the present study. The
WM10 (parent 1) was developed by the
wheat breeding program of the Atomic
Energy Authority, Anshas, Egypt (Al-
Bakry, 2004). It was selected in the sec-
ond mutated generation (M,) resulting
from irradiation of the wheat variety Sids1
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with 300 Gray (30 Krad) of gamma rays
in 2001/2002. Gemmeiza 9 cultivar (par-
ent 2) was released by Wheat Research
Section, Field Crops Research Institute,
Agricultural Research Center (ARC),
Giza, Egypt.

Population development

Each experiment in this investiga-
tion was conducted in a randomized com-
plete block design at the experimental
farm of Plant Research Department, Nu-
clear Research Center, Egypt. To develop
F, seeds, Gemmeiza 9 (P,) was grown on
1% of November 2016, while WM 10 (P,)
was grown on 21% and 28" of November
to match each other during flowering and
crossed during February and March 2017.
To develop F; plants, F; seeds were grown
during winter season 2017/2018. To gen-
erate F, population, F, seeds were grown
during winter season 2018/2019. This
experiment consisted of three replications;
each replication included two rows for
each of P, and P,, and ten rows for F,
plants. Individual grains were planted in
2.0-meter rows. Each row included 20
plants spaced 10 cm apart and rows were
spaced 30 c¢cm apart in plots. To generate
F5; population, single seeds of F,-selected
transgressive segregant were grown dur-
ing winter season 2019/2020. This exper-
iment consisted of three replications; each
replication included two rows for each of
P;and P,, and ten rows for F3 plants. Indi-
vidual grains were planted in 2.0-meter
rows. Each row included 20 plants spaced

10 cm apart and rows were spaced 30 cm
apart in plots.

Data collection

On an individual plant basis, data
were collected from each replication on 10
healthy, vigorous and guarded plants of
WM 10 (Py), Gemmeiza 9 (P,) and 270
plants of F, and 135 plants of F; popula-
tions, on the following traits: number of
spikelets/spike, number of kernels/spike,
number of kernels/spikelet, number of
fertile spikes/plant, 1000-kernel weight (g)
and grain yield/plant (g).

Estimation of heterosis

Heterosis was estimated over the
better parent, it is referred to as het-
erobeltiosis. It is worked out as outlined
by Singh and Narayanan, (2000), using
the following formula:

Heterobeltiosis = [(F;, — BP)/BP] x 100
Where, BP is the mean trait value of the

better parent.

Fl is the mean trait value of the F;
generation.

Estimation of inbreeding depression
Inbreeding depression was estimated as

follows:

Inbreeding depression = [(El —Fz)/_Fl] X
100

Where, F; and F, are the mean values of
F, and F, progeny, respectively, of the
given trait.
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Estimation of phenotypic (PCV) and
genotypic  (GCV)  coefficients  of
variation

In F3 generation, phenotypic (PCV)
and genotypic (GCV) coefficients of
variation were calculated for the studied
characters as described by Burton, (1952).

Estimation of simple coorelations

The simple correlations (r) between
all possible pairs of studied transgressed
characters in F3 population were estimated
as outlined by Snedecor and Cochran,
(1967), and Singh and Narayanan, (2000).

RESULTS AND DISCUSSION
Heterosis and inbreeding depression

Means of parental, Fi,
heterobeltiosis and inbreeding depression
estimates in the hybrid population
WM10xGemmeiza9 of bread wheat for
number of spikelets/spike, number of
kernels/spike, number of kernels/spikelet,
number of fertile spikes/plant, 1000-kernel
weight and grain yield/plant are presented

in Table (1).

All the studied traits showed
positive heterobeltiosis, except for number
of spikelets/spike and number of
kernels/spikelet which showed negative
heterobeltiosis  values. The highest
heterobeltiosis value was exhibited in
grain yield/plant (82.76%) followed by
fertile spikes/plant (26.83%); while, the

lowest heterobeltiosis estimate was shown
by number of kernels/spike (0.06%). The
highest heterobeltiosis estimate shown by
grain yield was accompanied by high
heterobeltiosis for number of spikes/plant
(26.83%), 1000-kernel weight (3.81%)
and number of kernels/spike (0.06%).

Estimates of inbreeding depression
(%) in F, hybrid population
WM10xGemmeiza9 of bread wheat for
number of spikelets/spike and related
traits are presented in Table (1). All
studied  traits  showed inbreeding
depression, except for number of
kernels/spikelet which showed negative
inbreeding depression value (- 1.62%).
The highest inbreeding depression was
exhibited by grain vyield/plant (37.43%)
followed by number of fertile spikes/plant
(30.19%) and  1000-kernel  weight
(7.40%); while, the lowest inbreeding
depression was shown by number of

kernels/spike (0.01%).

The high estimates of
heterobeltiosis for grain vyield/plant,
number of spikes/plant and 1000-kernel
weight were followed by inbreeding
depression. These results indicate the
presence of non-additive gene action
(dominance and epistasis) controlling
these characters. Mean performance for
number of spikelets/ spike, number of
kernels/spike and number of
kernels/spikelet are nearly the same in F;

and F,, this revealed the presence of
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additive gene action controlling these
traits.

Parental and F, means

Means of Py, P,, F, and ranges for
number of spikelets/spike, number of
kernels/spike, number of kernels/ spikelet,
number of fertile spikes/plant, 1000-kernel
weight and grain yield/plant are presented
in Table (2).

Gemmeiza9 cultivar was higher
yielding, had more fertile spikes/plant, and
had a greater number of spikelets/spike,
while mutant line 10 (WM10) had a great-
er number of kernels/spike, number of
kernels/spikelet and 1000-kernel weight.

Compered to the original parents,
F, generation was higher yielding and had
a greater number of kernels/spike than the
parental lines; while the F, values for
number of fertile spikes/plant, number of
spikelets/spike, and 1000-kernel weight
tend to the mean values of the best parent.
Wide ranges of minimum and maximum
values for all the studied traits in F,
generation were exhibited. The maximum
values for all characteristics was higher
than that of the best parent.

Phenotypic evaluation of the F,
generation

Frequency distributions for number
of spikelets/spike, number of
kernels/spike, number of  kernels/
spikelets, number of fertile spikes/plant,
1000-kernel weight and grain yield/plant

in the F, generation are displayed in Fig.

).

In general, all the studied traits
showed  continuous  variation  and
polygenic segregation patterns. Number of
spikelets/spike, number of kernels/spike,
number of kernels/ spikelets and 1000-
kernel weight showed normal distribution,
whereas, grain yield/plant and number of
spikes/plant departed from normality.

Transgressive segregations in F,

Considerable bi-directional
transgressive segregations were observed
for number of spikelets/spike and related
traits (Fig. 1). This bi-directional
transgressive segregations suggest that
both parents contributed increasing alleles
to these traits. An  exceptional
transgressive segregation exceeded its
parental phenotypic values in positive
direction for number of spikelets/spike
was selected from F, generation (Fig. 2).
This transgressive segregation has 38
spikelets/spike. The original parents i.e.
WM10 and Gemmeiza 9, have 21.90 and
23.90 spikelets/spike, respectively. This
novel transgressive segregation has an
increased percentage of number of
spikelets/spike  73.51% and 58.99%,
respectively, as compared to WM10 and
Gemmeiza 9. This novel transgressive
segregation has 125.8 kernels/spike, 10
spikes/plant and 61.98 g for grain
yield/plant, however, it has 3.31
kernels/spikelet and 49.27 g for 1000-
kernel weight. It is worthy to note that,
Mujeeb-Kazi and Villareal, (2002)
demostrated that the terminal wheat spike
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is made up of 10-30 spikelets in the
CIMMYT wheat germplasm.

Phenotypic evaluation of the
transgressive segregation progeny in F3

Means of P;, P,, progeny of the
transgressive segregation in F3 and ranges
for number of spikelets/spike, number of
kernels/spike, number of kernels/spikelet,
number of fertile spikes/plant, 1000-kernel
weight and grain yield/plant are presented
in Table (3).

Compered to the original parents,
F; generation had a greater number of
spikelets/spike, more  number  of
kernels/spike, number of  fertile
spikes/plant, and higher grain yielding.
The F; population had a maximum 38
spikelets/spike, 194.5 kernels/spike, 6.1
kernels/spikelet, 19.0 fertile spikes/plant,
64.72 g for 1000-kernel weight and
115.11 g for grain yield/plant.

Frequency distributions for number
of spikelets/spike, number of
kernels/spike, number of kernels/spikelets,
number of fertile spikes/plant, 1000-kernel
weight and grain yield/plant in the F;
generation are displayed in Fig. (3). All
the studied traits showed continuous
variation.

Coefficients of variability in F;
generation

Relative values of genotypic
(GCV), phenotypic (PCV) and
environmental (ECV) coeficients of

variation estimated in F; generations are
presented in Table (4). Genotypic and
phenotypic  coefficients of variation
exhibited considerable high estimates for
grain yield/plant, number of kernels/spike,
number of fertile spikes/plant, 1000-kernel
weight and number of spikelets/spike.
Number of kernels/spikelet had low
relative values of genotypic (GCV) and
phenotypic (PCV) coeficients of variation.

Segregation in F; population

Number and percentage (%) of
parental and transgressive segregants for
number of spikelets/spike, number of
kernels/spike, number of kernels/spikelet,
number of fertile spikes/plant, 1000-kernel
weight and grain yield/plant, scored in F3
hybrid population of the cross WM 10 x
Gemmeiza 9 are presented in Table (5).
Number of spikelets/spike, number of
kernels/spike, and grain yield/plant had
the highest percentages of transgressive
segregations i.e., 79.26, 77.04 and
80.74%, repectively, as compared to
parental  segregations.  Number  of
kernels/spikelet, 1000-kernel weight and
number of fertile spikes/plant scored low
percentages of transgression i.e. 36.30,
18.52 and 42.96, respectively, as
compared to parental segregants.

The considerable relative values of
both genotypic and phenotypic
coefficients of variation may be attributed
to the creation of new variation in the
hybrid population under study (WM10 x
Gemmeiza 9), which can play a significant
role in increasing the efficiency of wheat
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improvement via selection. The success of
wheat breeding programs depends on the
selection of superior breeding lines which
ultimately depends on the variability
knowledge of wheat germplasm. It is
important to note that all traits in the
present study exhibited transgressive
segregations in F; generation, indicating
that both parents harbored positive alleles.

The polygenic segregation patterns
in F3 generation refers to the
heterozygosity of the traits of selected
transgressive  segregation  from F,
generation. The occurrence of exceptional
transgressive segregation for number of
spikelets/spike and related traits in F,
population and in the subsequent F;
generation suggests the presence of
complementary QTL alleles in the two
parents of the hybrid population under
study. Moreover, the novel transgressed
alleles in this population should be used as
a new useful variation. This is of great
importance especially in self-pollinated
crops like wheat, where the germplasm
base for wheat breeding is narrow as
illustrated by de Vicente and Tanksley
(1993). Therefore, this hybrid population
has great potential for generating novel
recombinations of wheat varieties with
exceptional characteristics for improving
grain yield and yield-related traits.

Number of kernels per spike is one
of the main components of wheat
(Sreenivasulu and Schnurbusch, 2012 and
Guo et al., 2018). Grain yield in wheat is
more closely associated with the number
of kernels than the kernel weight (Fisher

2008, 2011 and Gonzéalez-Navarro et al.,
2015). The number of kernels per spike is
determined by the number of spikelets per
spike and the number of kernels per
spikelet. The results of the present study
showed that final transgressed Kkernel
number per spike was increased in Fj
generation. This increase in transgressed
number of kernels per spike is due to the
increase in transgressed number of
spikelets per spike rather than the increase
in number of kernels per spikelet. The
final increase in grain yield per plant is the
result of the increase in transgressed
number of Kkernels per spike rather than
the increase in kernel weight. Therefore, it
seems likely that further increase in grain
yield in this investigation is due to the
improvement of grain number. These
results consistent with previous work in
wheat (Reynolds et al. 2001, 2005;
Gonzélez et al., 2014 and Guo et al.,
2018).

Previous studies have demonstrated
that the evidence of creation of transgres-
sive segregations in hybrid populations of
wheat (Yadav et al., 1998; Yadav et al.,
1992; Lee and Shaner, 1985; Smith, 1966
and Nilsson-Ehle, 1911). Mujeeb-Kazi
and Villareal, (2002) demonstrated that
Nilsson-Ehle, a cereal breeder in Sweden,
made the first wheat crosses in the early
years of the twentieth century and used the
pedigree system to handle breeding mate-
rials. They also stated that, Nilsson-Ehle,
(1911) demonstrated the existence of pol-
ymorphic factors, and he thus gave a sci-
entific basis to transgressive segregation.
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Several genetic hypotheses have
been proposed to explain the appearance
of transgressive phenotypes in segregating
hybrid populations (Grant, 1975; Riesberg
et al., 1999; Riesberg et al., 2003 and
Shivaprasad et al., 2012). Among the pro-
posed hypotheses, the best supported ge-
netic mechanisms causing transgressive
segregation are complementary action of
genes and the nonadditivity of allelic ef-
fects between loci or epistasis (Riesberg et
al., 1999; Riesberg et al., 2003 and Dit-
trich-Reed and Fitzpatrick, 2013). Accord-
ing to the complementary action of genes,
hybrid individuals that combine “plus"
alleles from both parents or "minus" al-
leles from both parents are likely to have
extreme phenotypes. Grant, (1975) called
this an oppositional multiple gene system.
The epistasis hypothesis predicts that non-
additivity of allelic effects or interactions
between gene loci from different parents
can cause extreme phenotypes in hybrid
populations (Riesberg et al., 1999 and
Goulet et al., 2017). Several QTLs studies
of transgressive segregating traits support
complementary action of genes, epistasis,
or both (de Vicente and Tanksley, 1993;
Hagiwara et al., 2006 and Mao et al.,
2011). Increased mutation rate, the expo-
sure of recessive alleles in segregating
hybrid populations, and overdominance
are other hypotheses that have been pro-
posed for explanation of transgressive
segregation phenomenon (Riesberg et al.,
1999). Genomic analyses have suggested

a role for small interfering RNAs as addi-
tional mechanisms underlying transgres-
sive segregation (Shivaprasad et al.,
2012).

Correlation coefficients between studied
traits in F3 population

Simple correlation  coefficients
between all possible pairs of studied traits
in F; poulation are presented in Table (6).
Positive and significant  correlation
coefficients between grain yield/plant and
number of fertile spikes/plant, 1000-kernel
weight, number of kernels/spike, number
of spikelets/spike and number of
kernels/spikelet were estimated. Number
of fertile spikes/plant had the highest
positive and highly significant correlation
coefficient with grain yield/plant (0.79**).
High positive and significant correlation
coefficients occurred between number of
kernels/spike and number of
spikelets/spike  (0.40**) and between
number of kernels/spike and number of
kernels/spikelet (0.80**).

The positive correlation cofficients
between grain yield/plant and number of
fertile spikes/plant, number of
spikelets/spike and number of
kernels/spike  indicate that indirect
selection for these traits would be
accompanied by high yield and will be
effective for the improvement of grain
yield in this transgressive hybrid
population. Hsu and Walton, (1970),
Sidwell et al., (1976) and Al-Bakry et al.,
(2017) found that grain vyield was
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positively correlated with number of
fertile spikes/plant, number of
kernels/spike, number of spikelets/spike
and number of kernels/spike. The high
positive and significant correlation
coefficients occurred between number of
kernels/spike and number of
spikelets/spike and between number of
kernels/spike and number of
kernels/spikelet indicate that number of
kernels/spikelet  and number  of
spikelets/spike are important in this
transgressive hybrid population in the
determination of number of kernels/spike.
Therefore, selecting for an increase in the
number of spikelets/spike or the number
of kernels/spikelet or both will increase
the number of kernels/spike. The high
positive and significant  correlation
coefficients occurred between number of
kernels/spike and number of
spikelets/spike and between number of
kernels/spike and number of
kernels/spikelet obtained in this study are
in agreement with the results reported by
Sidwell et al., (1976).

Number of fertile spikes/plant had
negative correlation coefficients with

1000-kernel weight, number of
kernels/spike, and number of
kernels/spikelet. Number of

spikelets/spike had the highest negative
correlation coefficient with 1000-kernel
weight (— 0.41**). Negative correlation
coefficient between 1000-kernel weight
and number of kernels/spike was

estimated. Negative and significant

correlation coefficient between number of
spikelets/spike and number of

kernels/spikelet was also observed.

The negative correlation
coefficients of 1000-kernel weight with
number of spikelets/spike, number of
kernels/spike and number of fertile
spikes/plant
simultaneous improvement of kernel
weight and these traits may be difficult.
Sidwell et al., (1976), Al-Bakry, (2010)
and Al-Bakry, (2017) found that kernel
weight was negatively coorelated with
number of spikelets/spike and number of
kernels/spike. Hsu and Walton, (1970)
also found that kernel weight was strongly
negatively coorelated with tiller number.

indicates that the

Recently, De los Reyes, (2019) and
Pabuayon et al., (2020) referred to the role
of transgressive segregants as an outstand-
ing source for adaptive traits of different
biotic and abiotic stresses and for yield
related traits. They also mentioned that
transgressive segregants have not been
fully exploited up till now to reach for
novel improved genotypes in the 21™ cen-
tury. Accordingly, the promising trans-
gressive segregants selected in this inves-
tigation that have recombinations of desir-
able transgressed traits must be utilized in
wheat breeding program for maximizing
yield potential. Finally, further studies on
the identification of quantitative trait loci
(QTLs) controlling the transgressed num-
ber of spikelets per spike, number of ker-
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nels per spike and grain yield are neces-
sary for more understanding the genetics
of these important traits.

SUMMARY

The present study was conducted to
create new genetic variation in the hybrid
population WM10 x Gemmeiza9 of
bread wheat, phenotypic evaluation of F,
and F3 segregated populations for number
of spikelets/spike, number of Kker-
nels/spike, number of kernels/spikelet,
number of fertile spikes per plant, 1000-
kernel weight and grain yield per plant
and to estimate interrelationships between
all possible pairs of studied traits. An ex-
ceptional transgressive segregation ex-
ceeded its parental phenotypic values in
positive direction for number of spike-
lets/spike, number of kernels per spike and
grain yield per plant was selected from F,
generation. In F; generation, considerable
high estimates of genotypic and phenotyp-
ic coefficients of variation for grain
yield/plant, number of kernels/spike,
number of fertile spikes/plant, 1000-kernel
weight and number of spikelets/spike were
observed. Positive and significant correla-
tion coefficients between grain yield/plant
and number of spikelets/spike, number of
kernels/spike, number of kernels/spikelet,
number of fertile spikes/plant, and 1000-
kernel weight were estimated, indicating
that indirect selection for these traits
would be accompanied by high grain yield
in this transgressed hybrid population.

High positive and significant correlation
coefficients occurred between number of
kernels/spike and number of spike-
lets/spike and between number of ker-
nels/spike and number of kernels/spikelet.
These results indicated that number of
spikelets/spike and number of Kker-
nels/spikelet are important in this trans-
gressive hybrid population in the determi-
nation of number of kernels/spike.
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Table (1): Parental and F; means (x S.E.), heterobeltiosis and inbreeding depression
estimates for spikelets per spike and related traits.

Parents Inbreedi

. - .. | Inbreeding
Trait WM10 £S.E. GeTrSngzag F, mean £S.E. | Heterobeltiosis depression
;\'0: of spikelets| o) 04006 | 24964015 | 23474018 597 1.49
spike
No.ofkernels | o0 01007 | 80224044 | 87.05:083 0.06 0.01
/spike
No. of kernels

) 3.95+0.05 3.2140.02 3.71+0.04 -6.07 -1.62
[spikelet
Grain yield/plant + + .
@ 19.11+0.58 28.01+0.79 51.19+1.34 82.76 37.43
1000-grain 54914109 | 42584031 | 57.00£0.65 3.81 7.40
weight (g)
No. of spikes
fplant 4.00+0.13 8.2040.27 10.40+0.34 26.83 30.19
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Table (2): Parental, F, population means (x S.E.) and ranges for spikelets per spike and
related traits grown during 2018/2019 season.

Parents F, population
Trait . Range
WM10 +S.E. | Gemmeiza9 £S.E. - MeantS.E.
Min. Max.

No. of
spikelets 21.90+0.08| 23.90+0.12 18 38 23.12+0.13
Ispike
No. of kernels

. 84.0+1.17 77.35+0.42 55.0 1425 87.04 +0.97
Ispike
No. of kernels

. 3.83+0.04 3.24+£0.02 212 5.68 3.77 £ 0.06
[spikelet
No. of spikes

3.76 £ 0.14 7.80 £ 0.25 2 17 7.26 £0.20

/plant
1000-grain | 56 261 1 14| 45,84 + 0.40 3343 74.27 52.78 + 0.49
weight () e e ' ) e
Grain yield
plant (g) 16.28 +0.61| 27.41+0.86 10.10 85.15 32.03+£0.88

Table (3): Parental, F; population means (+ S.E.), and ranges for spikelets per spike and
related traits grown during 2019/2020 season.

F3 population
Parents
Trait - Range
WM10 £ S.E. Gemg““l‘z'zag * | Min. Max. | Mean +S.E.

No. of 22.3+0.06 24.26 £0.16 22.00 38.00 30.13+0.31
spikelets/spike e e ' ' D

. 114.93 +
No. of kernels/spike | 87.0 +1.22 82.12 £ 0.36 60.42 194.50 194
No. of 3.90+007 | 3.38+0.06 2.39 6.10 3.83+0.06
kernels/spikelet e e ' ' R
No. of spike /plant 420+0.11 7.89+£0.24 4.00 19.00 10.49 £0.29
%g)oo'grai” Weight | 5025 +004 | 46.01+056 | 3415 | 6472 | 50.35+050
Grain yield/plant (g) | 18.36 £+ 0.84 | 29.81 +0.89 19.70 115.11 59.80 +1.82
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Table (4): Variability parameters in F; generation for spikelets per spike and related traits
grown during 2019/2020 seasons.

Trait PCV(%) GCV(%) ECV (%)
No. of spikelets/spike 42.78 41.82 0.96
No. of Kernels/spike 444.87 432.99 11.88
No. of Kernels/spikelet 13.31 12.79 0.52
No. of spikes/plant 111.34 106.76 4,58
1000-kernel weight (g) 68.32 46.20 22.12
Grain yield /plant (g) 747.12 720.30 26.82

Table (5): Number and percentage of parenal and transgressive segregants for number of
spikelets/spike and related traits in F3 hybrid population of the cross WM 10 x

Gemmeiza 9.
Trait Parental segregants Transgressive segregants
No. % No. %
No. of spikelets/spike 28 20.74 107 79.26
No. of kernels/spike 31 22.96 104 77.04
No. of kernels/spikelet 86 63.70 49 36.30
No. of spikes/plant 77 57.04 58 42.96
1000-grain weight (g) 110 81.48 25 18.52
Grain yield/plant (g) 26 19.26 109 80.74
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Table (6): Correlation coefficients between studied traits of the F; transgressive segregation

population.
Trait No. of No. of 1000-kernel No. of Grain
kernels/spike |kernels/spikelet| weight | spikes/plant | yield/plant
No. of . -
spikelets/spike 0.40 —0.21* —0.41%* 0.01 0.21
NO Of *x * * **
kernels/spike 0.80 —0.14 —0.16 0.36
No. of .
kernels/spikelet 0.13 —0.25% 0.27
1000-kernel weight —0.08 0.21*
No. of spikes/plant 0.79**

Simple correlation coefficient with n-2 = 133 df, must exceed 0.16 and 0.21 to be
significant at the 0.05 (*) and 0.01 (**) probability levels, respectively, (Snedecor and
Cochran 1967).
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Fig. (1): Frequency distribution of number of spikelets/spike, number of kernels/spike,
number of kernels/spikelet, 1000-kernel weight, grain yield/plant and number of
spikes per plant in F, generation of the hybrid population WM10 x Gemmeiza 9.
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Fig. (2). Spike of the novel transgressive segregant of bread wheat containing 38

spikelets/spike.
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Fig. (3): Frequency distribution of number of spikelets/spike, number of kernels/spike,
number of kernels/spikelet, 1000-kernel weight, grain yield/plant and number of
spikes per plant in F3 generation of the hybrid population WM10 x Gemmeiza 9.



