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Abstract

Genetic variance, gene action, heritability, and the predicted
genetic gain from selection for earliness, grain yield and its
components in bread wheat were estimated by using five
parameters model. The field experiments were carried out at Sakha
Agricultural Research Station from 2002/2003 to 2005/2006.Five
populations (P,, Py, Fy, F, and F;) of the following three bread
wheat crosses were used cross 1 :Sakha 61 X Sakha 93 (Early x
Intermediate). cross 2 : Sakha 61 x Gemmiza 9 (Early x Late) and
cross 3: Sakha 93 x Gemmiza 9 (Intermediate x Late). All studied
characters showed significant genetic variance in the three crosses.
Significant negative heterosis to earlier parent was detected for
heading date in the first cross, and for the first and second crosses
showed negative heterotic effect.for maturity dates. On the other
hand, significant positive heterosis was found for most characters
in the third cross, and for plant height, grain yield / plant, and
kernel weight in the three crosses. Meanwhile, significant positive
heterosis was found for number of kernels per spike in the first and
third crosses. The potence ratio (P) indicated over dominance
towards the higher parent for grain yield / plant, number of kernels
/ spike, and kernel weight in the first cross and for days to heading,
and grain yield / plant in the second cross and for all characters in
the third one. On the other side, over dominance for plant height
and partial dominance for days to heading and maturity, and
number of spikes/plant, towards the lower parent were detected in
the first cross and for number of kernels/ spike in the second one.
In general, significant positive values were estimated for inbreeding
depression in most studied characters. Meanwhile, these values
were significant and negative for heading date, plant height, and
number of spikes / plant, in the first cross. Moreover, high to
moderate and moderate to low values of broad and narrow sense
heritabilities, respectively were detected for all studied characters.

The additive gene effect (d) was significantly positive for all
studied characters except for plant height, and number of spikes /
plant in the first cross, while it was significantly negative for
heading and maturity date, plant height and number of kernels /
spike in the first cross and for plant height in the second one.

Dominance gene effect (h) was significant only for number
of spikes / plant, and number of kernels / spike in the first and
second crosses and for heading and maturity date in the third and
first cross, respectively

Dominance X dominance gene effects were significant only
for heading date and number of kernels / spike in the second cross.
Similarly, additive X additive (i) gene effects were significant for
heading date and grain yield / plant in the first and third crosses,
number of spikes / plant in the first and second crosses and for
number of kernels / spike in the second and third crosses, also, for
maturity date and plant height in the second cross.
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In conclusion, the presence of additive effects would suggest
the potentiality for obtaining further yield and yield components
improvement and selection procedures would be successful in
improving these characters in the studied materials.

INTRODUCTION

Wheat (7riticum aestivum L.), is the most important cereal crop in Egypt.
Increasing wheat production to reduce the gab between production and consumption
is the main target of the Egyptian National wheat breeding program. Maximizing grain
yield per unit area (vertical expansion) seems to be the most proper solution for
overcoming the increased demand of wheat from the limited cultivated area.

The assessment of the relative importance of different genetic parameters in
any breeding methods is very crucial. Moreover, information on behavior of gene
action is very useful in the development of better cultivars.

Assessment and quantifying the type of gene action in wheat were studied by
many investigators. EL-Seidy and Hamada (1997) found that additive genetic variance
was the prevalent type controlling days to heading, plant height and spike length.
Meanwhile, Moustafa (2002), indicated that wheat grain yield and its components
were controlled by both additive and non additive gene effects. On the other hand,
Salem and Hassan (1991) revealed that non additive gene effects were more
important for grain yield / plant and number of spikes / plant.

On the other side, heritability estimates in broad and narrow senses are very
useful for improving the efficiency of a breeding program. Realized heritability is a
useful tool to evaluate the response to selection and to determine when selection
should be started. However, Dixit et al. (1970) stated 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. Ashoush et. al (2001)
reported that heritability estimates for plant height, heading date and yield
components were medium to high (more than 50%).

The present investigation was carried out to study the genetic variance, type of
" gene action, heritability, and the predicted genetic gain from selection for earliness,
grain yield and its components as well as to elucidate the breeding value of three
crosses that could be utilized in the national wheat breeding program.

MATERIAL AND METHODS

The field experiments were carried out at Sakha Agricultural Research Station
from 2002/2003 to 2005/2006. Three diversed bread wheat cultivars in their time to
heading were selected and used. However, the names and pedigrees of these cultivars
(parents) are presented in Table (1).
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Table 1. Name and pedigree of the studied parental bread wheat cultivars.

parent Name __Pedigree Relative earliness
1 Sakha 61 Inia / RI 4220//7c/ Yr 'S" Early
CM15430-25-55-05-05
2 Sakha 93 Sakha 92 / TR810328 Intermediate

5 8871-15-25-15-0S5
3 Gemmiza 9 Ald "S" / Huac // Cmh 74A. 30 / Sx Late

CGM 4583-5GM-1GM-0GM
In 2002/2003 season, the parental genotypes were sown at three planting dates
to secure enough hybrid seeds of the three crosses made among the parents to
produce three F; crosses designated as follows :-
I- Cross 1 : Sakha 61 x Sakha 93  ( Early x Intermediate )
II- Cross 2: Sakha 61 x Gemmiza 9 ( Early x Late )
III- Cross 3: Sakha 93 x Gemmiza 9 ( Intermediate x Late )

In 2003/2004 season, F; plants were sown and left to produce the F, seeds of
the three crosses.

In 2004/2005 season, 20 and 60 seed from F; and F, for each cross were grown
in order to obtain F, and F; seeds. Moreover, the three parents were planted and the
same crosses were repeated to obtain additional and / or fresh F, seeds.

The evaluation experiment was carried out in 2005/2006 season. The
experiment included the five populations (Py, Py, Fi, F5, and F3) of each cross was
planted at the third week of November, using the randomized complete block design
with three replications. Each replicate consisted of 50 rows for each cross (one row for
each parent and F;, 6 rows for F, generation and 41 rows for F; families). Each row
was 3 meters long and 30 cm apart. In addition, plants within rows were 20 cm apart
so, each row included fifteen plants. All recommended cultural practices for the region
were applied.

Data were recorded on the following characters :

1- Heading date, detected as number of days from planting to the time of
the emergence of the first spike.

2- Maturity date, calculated as number of days from planting to the
beginning of changing the color of main stem from green to yellow.

3- Plant height (cm) measured from soil surface to the top of the main spike
excluding awns.

On samples of 10 individual guarded plants from each row, grain
yield/plant, number of spikes/plant, number of kernels/spike and 100 kernels
weight were recorded.

Various biometrical parameters were calculated for the characters for which the
F, genetic variances were significant. The amount of heterosis was expressed as the
performance of Fy's over better parent values. Meanwhile, inbreeding depression was
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calculated as the difference between F, and F; means in term of percentage of the F;
mean. The T- test was used to determine the significance of these deviations
according to Peter and Fery (1966).

Potence ratio (P) was also calculated according to Peter and Frey (1966). In
addition, F, deviation (E1) and F; deviation (E2) were measured as suggested by
Mather and Jinks (1980).Type of gene effects was estimated according to Hayman
(1958 ) as described by Singh and Chaudhary (1985). Heritability was calculated in
broad sense (h’b) according to Mather (1949) and in narrow sense (h?n) in Fy-families
using parents offspring regression according Lush (1940).

RESULTS AND DISCUSSION

The mean ( X ) and variance (S?) of five populations (Py, P2, Fy, F5, and F3) of
the studied characters in the three crosses are presented in Table (2). At the
beginning, parental mean differences, genetic variance among F; population were
calculated and tested for statistical significance. All studied characters showed
significant genetic variance in the three crosses, indicating presence of genetic
variability for these characters in this material and therefore, detailed analysis of gene
action was used. ’

Heterosis percentage over better parent (BP), potance ratio and inbreeding
depression in three wheat crosses are presented in Table (3). Significant positive
hetrotic effects relative to better parents would be of interest for most characters
under investigation. Meanwhile, for heading and maturity dates, negative values would
be very useful from the breeder's view point. In this respect, significant negative
heterosis to earlier parent was detected for heading date in the first cross only.
similarly, the first and second crosses showed negative heterotic effects for maturity
dates and for number of spikes per plant. MOFEO\‘IEI', the second cross revealed
negative heterotic effects for number of kernels / spikes. On the other hand,
significant positive heterosis was found for all characters in the third cross, and for
plant height, grain yield / plant, and kernel weight in the three crosses. Meanwhile,
significant positive heterosis was found for number of kernels per spike in the first and
third crosses. )

The potence ratio (P) indicated over dominance towards the higher parent for
grain yield / plant, number of kernels / spikes, and kernel weight in the first cross and
for days to heading, and grain yield / plant in the second cross and for all characters
in the third cross. On the other side, over dominance was found for plant height and
partial dominance for days to heading and maturity, and number of spikes/plant,
towards the lower parent were detected in the first cross and for number of kernel/
spike in the second one.

In general, significant positive values were detected for inbreeding depression in
all studied characters except for heading
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Table 2. Means and variances (S?) for studied characters using the five populations
(Py, P2, Fy, and Fsfamilies ) for three bread wheat crosses.

Characters Cross | Pdrameters P1 P2 F1 F2 F3
. Mean 85.87 96.47 | 88.87 92.58 63.26
s? 1.49 0.85 5.17 0.69 3.00
Days to heading | MEAN 958 | 103.87 | 105.67 98.30 99.82
(NO) s 0.28 1.69 133 2.45 0.71
3 MEAN 96.67 1034 | 104.93 100.08 98.28
s? 2.61 6.24 3.21 5.24 3.64
N MEAN 151.33 154.07 | 153.24 152.74 152.03
s 0.21 0.69 0.71 1.11 1
gg\t’usrit; 5 MEAN 150.07 160 | 156.73 15299 | 153.13
(NO) . S2 0.65 1.08 2.41 7.09 0.86
3 MEAN 153.87 156.13 | 157.53 156.61 156.31
s? 1.21 1.01 4.85 0.95 0.85
" MEAN 96.33 98.67 | 103.33 106.17 101.08
s? 2.33 2.33 6.33 27.08 8.54
Plant height 5 MEAN 95.33 10333 | 114.33 111.00 110.33
(cm) s 4.33 233 4.33 7.00 233
" MEAN 97.67 10333 | 115.67 109.67 107.88
s? 4.33 133 8.33 1233 7.42
. MEAN 11.93 12.93 13.50 12.77 11.15
s? 4.17 0.17 0.61 1.29 2.25
Number of 5 MEAN 114 134 12.80 11.14 9.92
spikes / plant s? 0.16 0.28 0.04 1.13 0.04
3 MEAN 13.93 11.13 14.05 12.42 12.64
s? 0.33 2.81 0.41 1.48 1.84
N MEAN 58.6 60.53 64.2 60.86 58.84
s 2.92 5.45 14.44 3.19 4.27
Number of " MEAN 63.8 52.87 62.73 50.85 48.35
kernels/ spike s 3 3.05 1.65 6.35 6.72
3 MEAN 59.53 4987 | 6373 60.27 59.23
s? 5.61 2.89 0.21 15.09 0.54
¥ MEAN 4.05 4.6 5.1 5.09 4.85
s? 0.25 0.17 0.58 0.37 0.4
mev;eg":‘f's 5 MEAN 458 5.16 5.09 4.93 48
(@ s? 0.11 0.03 0.02 1.07 0.03
5 MEAN 4.03 5.65 6.2 6.13 6.11
§? 0.23 0.06 0.12 0.22 0.09
" MEAN 22.58 25.13 29.47 27.75 24.75
s? 3.85 2.62 3.68 15.61 9.33
Grain yield 3 MEAN 22.79 24.19 26.49 24.91 24.49
g/ piant s? 4.58 7.19 2.38 3.61 5.34
3 MEAN 18.6 2459 | 26.44 23.95 23.89
s? 8.47 435 0.45 5.03 0.51
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Table 3. Heterosis, potence ratio, inbreeding depression F, and F3 deviation and
heritability for studied characters of three bread wheat crosses.

Heterosis | Potenc F2 F3 Heritability
Inbreeding
Characters | cross | % over | e ratio deviation | deviation Broad Narrow
depression
B.P (P) E, E; sense Sense
1 -7.88* - 043 -4.17* 5.12* 6.48* 80.25 40.64
Days to
2 1.73* 145 6.97* -8.91* -5.87*% 65.02 48.53
heading
3 1.48* 1.45 4.62* -4.81* -8.41* 38.87 24.20
1 -0.54 0.39 0.33 -0.46* -1.88* 67.75 44.36
Days to
2 -2.04* 0.34 2.39* -5.78% -5.51* 75.77 40.36
maturity
3 0.90* 2.24 0.58* 0.69* 0.09* 89.88 47.36
A 7.27* -4.98 -2.75% 11.51* 1.33* 88.01 36.14
plant height 2 12.94* -0.16 0.93* -0.33 2.85* 78.23 31.43
3, 11.94* 5.36 5.19* 3.17* -0.41* 70.57 58.98
1 -20.11* -0.77 -23.62* 3.75% 0.5* 68.83 34.02
number of
2 -4.48* 0.40 12.97% -2.92* -5.36* 89.23 49.57
spikes/plant
3 0.86* 1.09 11.60* -1.74* -1.3* 51,04 22.48
1 6.06* 4.80 5.2% -2.05* -6.08* 59.09 45.88
number of
2 -1.68* 0.80 18.94* -19.37* -24.4* 61.11 34.75
kernel/spike
3 7.06* 1.87 5.43* 2.11* 0.03* 90.03 44.67
1 10.87* 2.82 0.20* 0.76* 0.28* 31.25 27.70
100kernel
2 11.14* -0.76 3.14* -0.1* -0.36* 96.21 4541
weight (g)
3 9.73% 1.68 1.13* 1.22% 1.18* 46.11 33.06
1 17.27* 4.40 5.84* 2.18* -3.83* 78.61 48.15
grain
2 9.51* 4.29 5.96* -0.16* -1¥ 91.49 54.89
yield/plant(g)
3 7.52% 1.62 9.42* ~0.jl3* -0.25* 49.35 37.25
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date, plant height, and number of spikes / plant, in the first cross for which
significance negative values were evident Table (3). However, these results are
expected, since the expression of heterosis in Fy will be followed by considerable
reduction in F, performance. The obtained results are in harmony with those reported
by EL-Seidy and Hamada (1997), and Kheiralla et a/. (2001).

Significant positive F, deviation (E;) was detected for heading date, plant height,
Number of spikes / plant, grain yield / plant and kernel weight in the first cross. Also,
it was detected for maturity dates, plant height, number of kernels / spike and kernel
weight for the third cross. Meanwhile, significant negative values were obtained for
heading date, number of spikes / plant, and grain yield / plant in the second and third
crosses, for maturity dates, and number of kernels/spike in the first and second ones
and for kernel weight in the second cross. On the other hand, insignificant F, deviation
was detected for plant height in the second cross. These results may refer to the
contribution of epistatic gene effects in the performance of these characters.

F3 deviation (E;) was significantly positive for heading date, plant height,
number of spikes / plant and kernel weight in the first cross and for plant height in the
second cross, and for maturity dates, number of kernels / spike, and kernel weight in
the third cross. Meanwhile, significant negative values were detected for grain yield /
plant in the three crosses, maturity dates and number of kernels / spike in the first
and second cross, for heading dates, and number of spikes / plant in the second and
third crosses, and for plant height, and kernel weight in the third and second cross,
respectively. These results proved the magnitude of epistasis that warrant great deal
of attention in breeding programs.

Heritability in both broad and narrow sense estimates are presented in Table
(3). In general, high to moderate heritability values in broad sense were detected for
all studied characters in the three crosses except for kernel weight in the first cross,
and for heading date, grain yield, and kernel weight in the third one.

On the other hand, moderate to low values of narrow sense heritability were
detected for all studied characters. Narrow sense heritability reflects the importance of
the proportion of the variation due to additive gene effects in the inheritance of these
characters. Therefore, selection for the desirable characters could be useful in early
generations but would be more effective if delayed to later ones (Shehab EL-Din 1993
and El-Seidy and Hamada 1997).

Types of gene action determined according to Hayman (1958) are presented in
Table (4). The estimated mean effect of F, (m), which reflects the contribution due to
the over all mean plus the locus effect and interactions of the fixed loci, was found to
be highly significant.
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The additive gene effect (d) was significant positive for all studied characters
except for plant height, and number of spikes / plant in the first cross while it was
significantly negative for heading and maturity dates, and number of kernels / spike in
the first cross and for plant height in the second one.

‘ These results suggest the possibility for obtaining further improvement for these
characters and proved also that using pedigree selection program would be more
effective. Similar results were obtained by Moustafa (2002), and EL-Sayed (2004).

Dominance gene effect (h) was significant only for number of spikes / plant, and
number of kernels / spike in the first and second crosses and for heading and maturity
dates in the third and first cross, respectively. These results indicate the importance of
dominance gene effects in inheritance of these traits. Therefore, selecting desired
characters could be practiced in the early generations but would be more effective in
late ones (Shehab EL-Din 1993).

Estimates for epistatic gene effects i.e. dominance X dominance (1), and additive
X additive (i) are presented in Table (4) . Dominance X dominance gene effects were
significant only for heading date and number of kernels / spike in the second cross.
Similarly, additive X additive (i) gene effects were significant for heading date and
grain yield / plant in the first and third crosses, for number of spikes / plant in the first
and second crosses and for number of kernels / spike in the second and third crosses,
and for maturity date and plant height in the second cross.These results are in general
agreement with those obtained by Shehab EL-Din (1993), EL-Seidy and Hamada
(1997), Kheiralla et a/. (2001).

In conclusion, the presence of additive effects would suggest the potentiality
for obtaining further yield and yield components improvement and selection
procedures would be successful in improving these characters in the studied materials.
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Table 4. Gene action parameters for all characters in the three crosses of bread

wheat.
Characters Cross m d h | i
‘ 1 92.58" | -5.23" | -4.28 | -6.27 [ -12.59"
Days to heading 2 98.3" | 4.03" | 0.86 | 27.72" 3.1
3 100.08* | 3.37° | 8.04° | 334 | 9.87°
1 152.74% | -1.37" | 2.23" | -2.46 | -1.05
Days to maturity 2 152.99% | 5 213 | 107 | 1037
3 156.61% | 1.13° | 1.42 | 0.84 1.16
1 106.17% | -1.17 | 11.68 | -34.65| 3.5
Plant height 2 106.67* | -10.67° | -3.57 | 11.13 | -26.57"

3 109.67% | 2.83° | 877 | 6.45 | -0.73

1 12.77% | 050 | 479" | -6.64 | 4.72"

Number of spikes/plant 2 11.14% 1 436" | -2.09 | 5.96

3 12.42%* 1.4 0.42 5.19 1.83

*

1 60.86* | -0.97" | 7.6 -1.82 1.03

*

number of kernels/spike 2 50.83* | 5.47° |14.59" | 18.34" | 21.13"

3 60.27* | 4.83° | 5.07 | 3.72 571"

1 509 | 027" | 0.66 | -1.29 | 043
100kernels weight (g) 2 4.93* | 029" | 047 | -0.31 | -0.34
3 6.13* | 0.81" | 0.1 0.07 0.35
1 27.75% | 1.27° | 9.16 [-11.44| 6.09
grain yield / plant (g) 2 24.91% | 0.7 2.16 | 1.94 0.58

3 23.95* 3 1.82 | 6.35 297"
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