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ABSTRACT: This investigation aimed to study the potentiality of heterosis expression,
heritability, expected genetic advance, nature of gene actions for some quantitative traits in two
bread wheat crosses. Four parental genotypes (Gemmeiza 9, Sakha 8, Sakha 69 and
Shandaweel 1) were chosen for the perecent study on the base of wide variability. Six
populations (P4, P,, F;, F,, BC, and BC,) were used fto estimate genetic parameters. The
results showed that, useful heterotic effects in all studied traits except, heading date and plant
height in both crosses. Heterosis in grain yield per plant did not reached the level of significance
(-3.55% and 3.02% in the first and second cross, respectively). Inbreeding depression values
were highly significant for nearly all studied ftraits in the two crosses. Additive gene effects (a)
and dominance gene effects (d) were highly significant for most studied ftraits. The three
epistatic types: additive x additive (aa), additive x dominance (ad), dominance x dominance (dd)
were highly significant for most studied ftraits in both crosses. The aforementioned were
accompanied with significant estimates of both E; and E, epistatic scales in most studied ftraits.
High heritability estimates in broad sense were detected for nearly all studied traits. Also, high
estimates of narrow sense heritability were detected for number of productive ftillers per plant
and number of spikelets per main culm ear in both crosses. High genetic advance under
selection was associated with high narrow sense heritability estimates for mostly all studied
traits.

Key words: Wheat, Gene action, Heterosis, Heritability, Genetic advance, Additive,
Dominance, Six parameters model.
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INTRODUCTION

Wheat (Tiriticum aestivum L.) is one of
the most important and strategic cereal crop
all over the world. In Egypt, wheat is the
main winter cereal crop. Increasing wheat
productivity is a national target to fill the gap
between wheat consumption and
production. The total national wheat
production reached about 8.80 million tons
from 1.34 milion hectars (FAO, 2012). Plant
breeder needs continuous knowledge about
the nature of gene action and genetic
systems controlling the inheritance of wheat
traits in order to formulate the most efficient
breeding programmes to bring out the quick
improvement.

Six  parameters analysis provides
information on the relative importance of
average effects of the genes (additive
effects), dominance deviations, and effects
due to non allelic genetic interactions. This

helps in determining genotypic values of the
individuals and, consequently, the mean
genotypic values of families and generations
(Viana 2000). Generation mean analysis, is
a simple and useful technique for estimating
gene effects of polygenic trait. Its greatest
merit goes to the ability of estimating
epistatic gene effects (additive x additive
(aa), dominance x dominance (dd) and
additive x dominance (ad)), (Singh and
Singh, 1992).

The objectives of the present study were
to investigate the genetic variance using six
parameters model (Gamble 1962),
heritability and expected genetic advance
under selection for grain yield and some of
its components in two selected crosses.

MATERIALS AND METHODS

The present experimental was carried out
at the Experimental farm, Faculty of
Agriculture, Minufiya University at Shebin EI-
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Kom during the three successive seasons
2010/2011, 2011/2012, 2012/2013. Four
common wheat varieties were used to
establish the experimental materials for this
investigation. Name, pedigree and origin of
these varieties were presented in Table (1).

Parents were crossed in 2010/2011 to
obtain F, seed of the two crosses. In
2011/2012 season, part of the obtained
hybrid seeds of the two crosses Gemmeiza
9 x Sakha 8 and Shandaweel 1 x Sakha 69,
were sown and the rest saved to the next
season. F; plants were self-pollinated and
backcrossed to both parents to obtain F,
and backcross seeds. The six populations
P,, P,, Fy, F», BCy; and BC, were sown
using randomized complete block design
with three replicates in 2012/2013 growing
season. Each block comprised 15 rows of F,
generation, 10 rows of BC, and BC, and 5
rows of other three non-segregated
populations i.e. Py, P, and F,. The rows
were 3.0 meters long with 20 cm between
rows and 10 cm between plants within rows.
Normal agricultural wheat practices were
applied as usual for the ordinary wheat fields
in the area. Data were recorded on 30
randomly selection competitive plants in
each entry for Py, P, and F; and 90 plants
for BC, and BC, and 100 plants for the F».
The studied characters were heading date
(day), number of productive tillers per
plant, plant height(cm), main culm ear
length(cm), number of spikelets per main
culm ear, number of grains per main culm
ear, main culm ear yield (g), number of

grains per ear, ear yield (g), 1000 grain
weight(g) and grain yield per plant(g).

Statistical analysis:

The t-test was used to examine the
existence of genetic variance between
parental means. Statistical procedures used
herein would only be computed if the F,
genetic variance was found to be significant.
A one tail (F) ratio was used to examine the
existence of genetic variance within the F,
population. Heterosis (H), was expressed as
percent increase of the F; mean
performance above the respective better
parent. Inbreeding depression (I.d) was
measured as the average percent decrease
of the F, from the F,. The F, deviation (E;)
and backcrosses deviation (E,) were
calculated according to (Marani, 1968). The
validity of some estimates was examined by
t-test. Nature of gene action was studied
according to the relationships illustrated by
(Gamble, 1962). In this procedure the
means of the six populations of each cross
were used to estimate six parameters of
gene action. A test of significance of these
parameters was conducted by the t-test.
Heritability was estimated in both broad and
narrow senses for F, generation, according
to (Mather's procedure, 1949). The predicted
genetic advance under selection (AG) was
computed according to (Johnson et al,
1955). This genetic gain represented as
percentage of the F, mean performance
was also obtained following (Miller et al,
1958).

Table 1: Name, pedigree and origin of the parental wheat varieties used in the study.
Name Pedigree Origin
. Ald“S"/Huac“S"//CMH74A.630/5X CGM4583-5GM-1GM-
Gemmeiza 9 Egypt
0GM

Sakha 8 Indus 66 x Norteno,,s,,/PK3418-65-ISW-OS Egypt
Sakha 69 Inia/RL4220//7C/Yr“S"CM15430-25-65-0S-0S Egypt
Shandaweel 1 CAZO/KAUZ//KAUZ.CMBWS90 Y3270TOPM-02010M- Eqvpt
02010Y-3M-OSH gyp
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RESULTS AND DISCUSSION

Means and variance of the studied traits
for P4, P,, F4, F5, BC; and BC, of the two
crosses are shown in Table (2). Generally,
the differences between each two parents
were found significant. The genetic
variances within F, populations were also
significant for all studied traits in both
crosses. Consequently, the various

genetical parameters were computed. The
existence of the significant genetic variability
in F, populations in spite of the insignificant
differences between the parental cultivars
for some characters in the two crosses,
might suggest that the genes of similar
effects were not completely associated in
the parental cultivars i.e. these genes are
dispersed (Mather and Jinks, 1982).

Table (2): Means (x) and variances (Sz) of P,,P,,F,,F;, BC; and BC, populations of the
two crosses | [Gemmeiza 9 (P4) x Sakha 8 (P,)] and Il [shandaweel 1 (P4) x

Sakha 69 (P,)] for all studied traits.

Character

~ | [Statistics

1) Heading date,days

o
S}

2) Number of
productive tillers per
plant

0, =

3) Plant height, cm

4) Main culm ear length
,cm

5) Number of spikelets
per main culm ear

6) Number of grains per
main culm ear

7) Main culm ear yield,g

8) Number of grains per
ear

9) Earyield g

10) 1000-grain weight ,g

11) Grain yield per
plant,g
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Heterosis

Heterosis was estimated as the percent
increase of the F{ mean performance above
the respective better parent values. No
useful heterotic effects were detected in
both crosses for heading date and plant
height (Table 3). Similar results were
obtained by (El-Massry, 2009 and Koumber,
2011). As for the second cross ( shandaweel
1 x Sakha 69) had exhibited highly
significant useful heterosis in main culm ear
length, number of spikelets per main culm
ear, number of grains per main culm ear and
number of grains per ear. Concerning, main
culm ear yield and ear yield, highly
significant useful heterosis in both crosses
had detected. Highly significant useful
heterosis was also detected by (Hendawy et
al, 2007and El-Shaarawy and Morad, 2011).

Inbreeding depression

Inbreeding depression is measured as
the percent deviation of F, from F; mean
performance (Table 3). Inbreeding
depression values were highly significant for
nearly all traits in the two crosses under
investigation. It was interesting to note that,
heterosis in F 1generation should be followed
by appreciable reduction in F, generation,
since the two parameters are two sides of
the same phenomena. The present results
agreed with this expectation in most cases
studied. On the contrary, this expectation
was not fulfiled in some cases, where
significant  heterosis and insignificant
inbreeding depression were obtained. 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). These results agree with Dawwam et
al, 2010 and Koumber and El-Gammaal,
2012.

F, performance (E4):

F, mean performance had significantly
deviated from the average of the F4, and
mid-parent value (E4) for all studied traits
except, number of productive tillers per plant
and main culm ear yield in the first cross and
heading date and plant height in the second
cross (Table 3). The highly expressive F,

deviation (E4) would indicate the presence
of epistasis in the inheritance of these traits.
These results are agreed with (El-Massry
2009, Dawwam et al 2010 and Koumber
2011).

Backcross-performance (E2):

When no effects of epistasis were
assumed, backcross performance would be
expected to be near the average of F; and
recurrent parent performance. Appreciable
deviation from this expected value, however,
will be observed if epistasis was found to be
operated in the inheritance of the trait in
view. E, was found to be significant for all
studied traits in the both crosses except
grain yield per plant in both crosses under
investigation (Table 3). The F, deviation
(E1) was accompanied by backcross
deviation (E,) in sixteen cases and that
would ascertained the presence of epistasis
in such large magnitudes as to warrant great
deal of attention in wheat breeding program
for improving these traits.

Nature of gene action:

Genetical analysis of generation means
were calculated according to relationships
illustrated by (Gamble, 1962)which gives
estimates of six parameters model i.e. mean
effect (m), additive (a), dominance (d), the
three epistatic types additive x additive (aa),
additive x dominance (ad) and dominance x
dominance (dd). The estimated mean
effects parameter (m), which reflects the
contribution due to the over all mean plus
the locus effects and interaction of the fixed
loci. These effects were highly significant for
all traits in both crosses (Table 3). Additive
gene effects (a) were highly significant for all
studied traits except number of productive
tillers per plant in both crosses and number
of grains per ear and ear yield in the first
cross only. These results would suggest the
potential for obtaining further improvements
for these traits (Table 3). Dominance gene
effects (d) were significant for all studied
traits except, number of grains per ear in
both crosses, grain yield per plant in first
cross and number of productive tillers per
plant in second cross. These suggested that
the dominant factors played a great role in
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the inheritance of these traits (Table 3).
Significant additive x additive (aa) epistatic
types were detected for all studied traits
except, number of grains per ear in first
cross and number of productive tillers per
plant in second cross (Table 3).

The estimated values of additive x
dominance (ad) type of digenic epistasis
was highly significant for plant height in both
crosses, heading date, main culm ear
length, number of grains per main culm ear
and ear vyield in first cross and number of
spikelets per main culm ear, main culm ear
yield and number of grains per ear in second
cross (Table 3).

The epistatic type dominance x
dominance (dd) was significant for all
studied traits except number of spikelets per
main culm ear in both crosses (Table 3). ltis
worth to mention that the three epistatic
types (aa, ad and dd) were found to be
accompanied by significant estimates of
both E; and E, epistatic scales in most
studied traits and that would ascertained the
presence of epistasis in such large
magnitude as to warrant great deal of
attention in a wheat breeding programs.
Also, the heterotic effects previously
mentioned might due to both dominance and
epistasis. The presence of both additive and
non-additive gene action in mostly all
studied traits would indicate that selection
procedures based on the accumulation of
additive effects should be successful in
improving all traits under investigation.
However, to maximize selection advance,
procedures which are know to be effective in
shifting gene frequency when both additive
and non-additive genetic variances are
involved would be preferred. Similar results
were previously reported by (Hendawy et al
2007, El- Massry 2009, Dawwam et al 2010,
Koumber 2011 and Hammad 2014).

Heritability and genetic advance:
Heritability is one of the most important
parameter for determination the genetic
behavior of metric traits. It is expressed as
the proportion of the variance attributed to
the average effect of genes. However, the
most important function of the heritability in
the genetic study of quantitative traits as its

predictive role. It expresses the reliability of
the phenotypic value as a guide to the
breeding value. The possible advance
through selection based on phenotypic value
can therefore, be predicted only from
knowledge of the degree of correspondence
between phenotypic value and breeding
value. The degree of correspondence is
measured by heritability estimates. The
heritability estimates enter into almost every
formula connected with breeding methods
and many practical decisions about the
techniques followed depends on its
magnitude. Heritability in both broad and
narrow sense and genetic advance under
selection were calculated and the obtained
results are presented in Table (4). High
heritability estimates in broad sense were
mostly observed for all studied traits.
Narrow-sense heritability estimates were
high for number of productive tillers per plant
and number of spikelets per main culm ear
in both crosses. Meanwhile, high narrow-
sense heritability values were detected for
heading date, plant height, main culm ear
length, number of grains per main culm ear,
main culm ear yield and number of grains
per ear in the first cross. Moderate narrow
sense heritability values were obtained for
1000-grain weight and grain yield per plant
in both crosses and heading date, plant
height, main culm ear length, number of
grains per main culm ear, main culm ear
yield, number of grains per ear and ear yield
in the second cross. This results show no
low narrow sense heritability were detected.
The differences in magnitudes of both broad
and narrow sense heritability estimates
found for most traits under investigation
would ascertain the presence of both
additive and non-additive gene action in the
inheritance of most traits in the two crosses
as previously obtained from gene action
parameters studied Table (3).

Genetic advance under selection given in
Table (4) showed the possible gain from
selection as percent increase in the F; over
the F, mean when the most desirable 5% of
the F, plants were selected. Genetic
advance under selection (AG %) was high in
maghnitudes for all studied traits.
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Table (4): Heritability estimates, genetic advance (Ag), and genetic advance expressed as
a percent of the F, mean ((Ag %) for all studied characters in the two crosses-

under investigation.

Heritability % Genetic advance

Characters Broad

sense

Narrow

0
sense Ag A9 %

76.61 72.69 10.06

1) Heading date(days) 76.13 4170 6.06

71.50
75.13

64.10
7215

29.50

2) Number of productive tillers
74.20

87.60
87.20

82.70 16.34

3) Plant height (cm) 52.20 9.78

67.40
69.30

60.10 9.40

4) Main culm ear length (cm) 40.60 230

72.50
89.20

66.20
72.50

13.60
17.15

5) Number of spikelets per main
culm ear

73.10
60.10

70.80
56.70

2220
14.80

6) Number of grains per main
culm ear

82.70
58.60

60.50
45.90

32.90

7) Main culm ear yield (gm) 26.90

71.50
48.30

69.40
42.60

38.40

8) Number of grains per ear
) g P 17.02

65.11 58.13
63.80 46.80

27.78

9) Ear yield (gm) 23.60

55.01 4960
65.50 58.30

15.60

10) 1000-grain weight(gm) 2210

71.52
56.90

57.50
51.50

35.20

11) Grain yield per plant (gm) 38.19

Johnson efal (1955) reported that, high heritability should be associated with

heritability estimates along with genetic gain
upon selection were more valuable in
predicting the effect of selection than the
former alone. Also, Dixit et.al (1970) pointed
out that, high heritability is not always
associated with high genetic advance, but in
order to make your selection more effective,

high genetic gain. In the present study, high
genetic gain was found to be associated
with high narrow sense heritability mostly for
all studied traits. Therefore, selection for
these traits might be effective for satisfactory
and successful breeding purposes.
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