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ABSTRACT

Three experiments were carried out at EI-Giza Agricultural Research Station
using two wheat crosses namely, Gemmeiza 7 x Sids 1 and Giza 168 x Sakha 93. Six
populations (P:, Ps, Fs, F2, BCy and BC,) for each cross were used in this
investigation.

Significant positive heterotic effects were obtained for plant height, grain
yield/plant and biological yield/plant in the first cross while, heterotic increase in
number of spikes/plant, 100-kerne! weight, grain yield/piant and biological yield/plant
seemed to be accounted for the heterotic response observed in the second cross. On
the other hand, significant negative heterotic effect was found for number of
grains/spike in the second one .

Inbreeding depression estimates were found to be significant for all studied
aftributes except for number of spikes/plant in the first cross.

Over dominance towards the higher parent for 100-kernel weight, grain
yield/plant and biological yield/plant, no. of spikes/piant, were observed in both -
crosses. Meanwhile, over or partial dominance towards the lower parent was obtained
for number of kernels/spike in the two crosses. On the other side partial dominance
was observed for plant height in the second one.

F2 deviation (E1) were significant for number of kernels/spike in the two
crosses, and for grain yield/plant in the first cross. Moreover, backcross deviations
(E2) were significant for plant height in the first cross, number of kernels/spike, grain
and biological yield/plant in the second one.

The additive gene effect was significant for all studied characters in
Gemmeiza 7 x Sids 1 cross except for number of spikes/plant. These results suggest
the potentiai for obtaining further improvement in most studied characters. In addition,
dominance anc epistasis were found to be significant for some of the studied
attributes.

High to medium values of heritability estimates were found to be associated
with high and moderate genetic advance as percentage of F; mean in most
characters. These results indicated that selection for the studied characters could be
usefui in the early generations .

INTRODUCTION

Wheat is the most important cereal crop in Egypt. Increasing wheat
production to narrow the gap between production and consumption is
considered the main goal in Egypt as well as in most countries all over the
world (Shehab El-Din, 1993).

For the effectiveness of any breeding program especially with diverse
germplasm, it is necessary to measure the behavior and relative magnitude
of different gene actions governing the various quantitative characters. These
informations may be helpful for wheat breeders to identify types of genetic
variation in the characters which the selection is intended and to carry out
rapid evaluation of yielding ability of the breeding materials by identifying
crosses of superior genotypes which have higher yielding ability.
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Crumpacker and Allard (1962) reported that the efficiency in breeding
for self-pollinating crop plants depending, first on accurate identification
hybrid combinations that have the potentiality of producing maximum
improvements and the second, on identifying in early segregating
generations, superior lines among the progeny of the most promising hybrids.
Therefore, the information on the genetic and gene effect of breeding
materials may be ensuring long-term election and better genetic
improvements.

The basis of progress in improving quantitative traits in plant
breeding is the relative importance of type of gene action involved. After
dividing the genotypic variance to additive, dominance and epistatic
variances by Fisher (1918). Many genetic models were introduced to
estimate the cifferent genetic effects ( Griffing,1956 and Hayman and
Mather,1955).

Estimates of genetic variance are very essential among the basic
information required for plant breeders. I{f most of the genes controlling
character proved to be mainly of the additive nature in the crosses, the
improvement of these characters could be achieved and selection may be
effective ( Abul-Nass et al.1993).

Mosaad et al. (1990) found that, additive genetic variance was the
prevalent type controlling of number of days to heading, plant height and
spike length. Moreover, Abul-Naas et al. (1991) and Al Kaddoussi et al.
(1994) reported that, dominance component was played an important role in
genetic control for number of spikes/plant, number of kemels/spike, 1G0-
kernel weight and grain yield/plant. On the other hand, El-Hosary et al.
(2000), found that grain yield and its components in eight durum wheat
parent-diallel cross mating system were controlled by both additive and non-
additive gene effects. In addition concerning the heritability estimates, Gouda
et al (1993) indicated that heritability values ranged from 14 % to 71% for
grain yield. Meanwhile, Moustafa (2002) and Hendawy (2003) reported that,
hereitability estimates for plant height, heading date and yield components
were medium to high (more .than 50%), and El-Sayed (2004) and Abdel
Nour, Nadya et al. (2005) reported that, hertiability estimates for yield and its
components were medium to high.

The present work was conducted to study the genetic variance and
its components, gene action, heritablity and expected genetic advance under
selection for plant height, number of spikes/plant, number of kernels/ spike,
100-kemel weight, as well as biological and grain yield/plant.

MATERIALS AND METHODS

This investigation was carried out during three successive seasons
2002/2003, 2003/2004 and 2004/2005 at El-Giza Research Station,
Agricultural Research Center. In 2002/2003 season, four bread wheat
cultivars namely; Gemmeiza 7, Sids 1, Giza 168 and Sakha 93 were chosen
which represent a wide range of variability in most studied characters. These
cultivars were used as parental materials in the present study.

3274



J. Agric. Sci. Mansoura Univ., 31 (6), June, 2006

The name, origin and the pedigree of these cultivars are presented in
Table (1). In the first season, the parental genotypes were evaluated in a
randomized complete block design with three replications. Simultaneously,
pair crosses were performed to obtain Fy, seeds. In the second season, the
hybrid seeds were sown and the F, plants of each cross were backcrossed to
their respective parents to produce the two back crosses (BC,) and (BC,). At
the same time, pair crosses were made to produce new F,s seeds.
Meanwhile, F, plants were self-pollinated to produce F, seeds. In the third
season, the obtained seeds of the these populations i.e. P, P,, Fy, F3, BC4
and BC, for the two crosses were evaluated using a randomized complete
block design with three replications. Rows were 4m. long and 20 cm apart,
and the space between plants was 10 cm. Each plot consisted of two rows for
each of P;, P,, F;, BC, and BC; as well as five rows of F, genotypes.

Data were recorded on 20 individual guarded plants in P,,P; and F,
and 40 plants in B¢y and Bc; and 100 plants in the F; for plant height, number
of spikes/plant, number of kernels/ spike, 100-kemel weight, as well as grain
and biological yields/plant.

Various biometerical parameters were calculated for all studied
characters. Heterosis (%) was expressed as percentage increase in Fy value
over better parent. Inbreeding depression (%) was also estimated as the
average percentage decrease of the F; from the F,. In addition, F, deviation
(E,) and backcross deviation (E;) were measured as suggested by Mather
and Jinks(1971). Likewise, potence ratio (P) was also calculated according to
Peter and Frey (1966). Genectic analysis of generation means to give
estimates of mean effect parameter (m), additive (a) dominance (d), additive
X additive (aa), additive x dominance (ad) and dominance x dominance (dd)
were obtained using the method illustrated by Gamble (1962).

Heritability in both broad and narrow senses were calculated
according to Mather's procedure (1949) Furthermore, the predicted genetic
advance (Ag) was computed accorcing to Johanson et al. {1955). Likewise
the genetic gain represented as percentage of the F; mean performance (Ag
%) was estimated using the method of Milier et a/. (1958).

Table {(1): The name, pedigree and origin of the four parental bread
wheat cultivars. ’

Genotype Pedigree Origin
Giza 168 ARG 3046.CMACOM-2Y 060 Gz, Egypt
% 557 162518.06 Eay
TR o
RESULTS AND DISCUSSION

Varietal differences in response to their genetic background were
found to be significant for most characters under investigation. Moreover, the
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genetic variance within F, populations were also significant for all studied
characters. Hence, the different biometrical parameters used in this
investigation were estimated. Means and variances of the six population P,
P,, F,, F5, BC, and BC; for the studied characters are shown in Table (2).

Table (2): Means and variances of the six populations for the studied
characters of the two wheat crosses .
; l Cross | Gemmeiza 7 x Sids 1 ross Il Giza 168 x Sakha 93 |

Characters P, | P; | Fs | F2 [BC,|BC;| Py | P; | Fi | F; |BC, BC;
Plant height | {" 108.80116.80 20.2d117.5d117.5d11s.9d111.oo1os.1dp09.20106.wpos.7d1o7.z
(cm) G |314]736] 183 (2403/13.41/15.40] 470 | 480 220 | 11.45] 9.25 | 350
— N
No.of X |17.90|2050|21.25| 19.70| 21.49|20.92|21.41 | 17.81| 25.60| 20.90{22.42{ 2400
splkesiplant | <1 | 452 | 821|448 |37.79)2439 1978 | 680 | 761 | 485 |41.60|14.55 1850
No. of X |7200|80:20|70.80|2.19|68.25) 71.81(76.00| 81.00| 723 [65.1066.60| 6380
kemelsispike| < |2092(2401|19.79/113.93110.95 76.60|20.60| 253 [21.30(115.4959.80|27.10
100grain | Y [510(282|5.18 | 445 (472|485 | 4.41 | 445|508 | 461|471 509
weight (gm) | ;007013 0.03| 085 029 | 0.17 | 004 | 003 | 007 | 020 [ 013 | 019
Grainyield | {"  [50.30|43.30|78.10(45.54 | 62,69 61.34|59.20 | 69.49 80.75  74.60| 62.45 | 7090
/plant (gm) 16.70]21.58|17.69 944.95215.99229.01| 4.42 |58.52|29.21 [158.9095.90| 79.29
sz
st | X f182:50176.06213.800192 68210.50222.70164.50220.00245.90221.50186.90210.50
) G [msseleseo '63.54 573.60054.90272.8067.50 /50.90]e9.20,352tpos s5145.49

Heterosis or hybrid vigor has been observed for nearly two centuries
in plant breeding and for, perhaps,2000 years by animal hybridizations (East
and Hayes,1912). Recently, many plant breeders have been interest to
getting the possibility of developing hybrid cultivars in self pollinated crops
especially wheat and barley. The feasibility of using hybrid cultivars depends
on the economic production of large quantities of hybrid seeds. Therefore,
one of the most important factors in determining the possibility of hybrids is
the nature and amount of heterosis present.

The values of heterosis related to the better parent, inbreeding
depression percentage, potence ratio and different gene action parameters
in the two studied crosses are presented in Table (3). Significant
positive heterotic effects were obtained for plant height, grain yiefd/plant and
biological yield/plant in the first cross and number of spikes/plant, 100-kernel
weight, grain yield/plant and biological yield/plant in the second one.
However, significant negative heterotic effects were found for number of
kernels/spike only in the second one. Similar results were reported by El-
Hosary et al. (2000), Moustafa (2002) and Hendawy (2003).

The expression of heterosis for a complx character i.e., high yielding
ability, could be explained on the basis of components interactions, as the
numerical value recorded for this complex trait which is always a function of
its components. However, the expression of heterosis for this complex trait
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may or may not be due to the interaction of its components. Heterosis may be
occur without individual components exhibiting heterosis Williams (1959). The
possibility of heterosis for a complex trait, however, is increased if the
individual components passes heterasis.

Table (3): Heterosis, inbreeding depression, gene action and potence
ratio parameters for the two wheat crosses.

tance
Gene action parameters Raito

Character | cross Hzt:;s;sp‘/- di;meaﬁlg (P)

m a d [aa |ad |dd [E, |E;

Plant |1 2.91 225 |117.50 | 1.40 |10.20] 2.80 | 2.60 [-9.60 [ 1.00 [3.40] 1.85 |
height -1.62 220 |106.80 | 1.50 | 5.75 | 4.60 |-1.45]-1.90]-1.83]-1.35] 0.39 |
No.of [1 3.66 729 |19.70 | 057 [8.07 |6.02 [1.87 |-9.94 053 (196 1.58 |
Spikes/plant 1957 1836 | 20.90 |-1.58 [15.23 | 9.24 [-3.38 -11.66]-1.71 | 1.21] 3.33
No.Of 1 -11.72 12.16 |62.90 |-3.56 [27.06 [31.36 | 0.54 [17.68}11.26 |-6.84| -1.29
kernels/spiki -10.74 996 |65.10 |2.80 (-5.80[ 040 [5.30 |40.40 [10.30]20.40( -2.48
100-kernel [1 157 14.09 | 4.45 |-0.13|2.06 | 1.34 ]-0.77 |-1.20 |-0.37 [-0.07] 1.13
Fweish* R 1416 | 9.25 | 461|038 |1.81 [1.16 |-0.36 |-1.74 |-0.15|0.29] 3.25 |
| Grain [1 5526 | 41.69 |45.54 | 1.35 57.20 p5.90 |-2.15 164.16[16.91|-0.87] 8.94
yield/plantp 16.20 762 | 7460 [-8.45 [15.30}31.70[-3.31 55.19 ] 2.05 [11.75] 3.19
Biological |1 19.89 11.97 |192.68 |-12.20)35.23 p5.68 | 1546 6658 |-6.35 p5.15] 12.17
yielc/plant p 1177 | 992 [22150 [21.66 }33.55[87.20 | 6.15 |64.70] 2.43 [38.75{ 1.93

*, ™ significant at §% and 1% probability levels, respectively.

Number of spikes/plant, number of kernels/spike and 100-kernel
weight being the main components for grain yield/plant, heterosis is increase
if it found in one or two or three of these main yield components, thus it may
lead to favourable yield increase in hybrids. The lack for heterosis for number
of grains/spike which may be due to the lower magnitude of the non-additive
gene action, may be indicated that, the increasing in number of spikes/plant
and 100-kernel weight of the second cross were the major contributing
factors to heterosis in yield. These resuits are in agreement with those
obtained by Ketata et al. (1976) and El-Rassas and Mitkess (1985).

The pronounced heterotic effects were detected for number of
spikes/plant and 100-kernel weight in the second cross indicated that, the
cross (Giza 168 x Sakha 93) may be take in consideration in a breeding
program for high yielding ability through selecting for higher number of
spikes/plant and 100-kernel weight.

Potence ratic indicated over-dominance towards the higher parent for
all characters except for number of kernels/spike and 100-kernel weight in the
first cross and both plant height and number of kernels/spike in the second
one. Meanwhile, there was over-dominanc towards the lower parent for
number of kernels/spike in the second cross. On the other hand, complete
dominance was found for 100-kernel weight towards the higher parent in the
first cross, while partial dominance towards the hight was detected for plant
height in the second cross. On the other side, partial dominance towards the
lower parent for number of kernels/spike in the first cross was detected. Over
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dominance was detected for both grain vyield/plant and number of
kernels/spike. These resuits are in harmony with those obtained by Moustafa
(2002) and Hendawy (2003) .Over dominance was also obtained by Ketata et
al. (1976) Mosaad et al. (1990), for plant height,for number of spikes/plant by
Abul-Nas et al. (1991), for number of kemels/spike by Al-Kaddoussi et al
(1994) and for grain yield/plant by Al-Kaddoussi et al. (1994.

Significant positive values of inbreeding depression estimates in
Table (3) were found for all characters except for; plant height, number of
spikes/plant and number of kernels/spike in the first cross also for grain
and biological yield/plant and number of kernels/spike in the second one.
Both heterosis and inbreeding depression are coincided to the same
phenomenon, therefore it is convenient to expect that heterosis in the Fy may
be followed by substantial reduction in the F, performance, as found in this
study. Significant heterosis and insignificant inbreeding depression were
obtained for plant height in the first cross and for both grain and biological
yield/plant in the second one. These results suggested that, the major
portion of the genetic effect was the additive one. The contradiction between
heterosis and inbreeding depression estimates may be also due to the
presence of linkage between genes in these materials (Van der Veen ;1959).

Significant negative F, deviations (E;) were shown for number of
kemels/spike in the two crosses and for grain yield/plant in the first cross
(Table 3). These may be refer to the contribution of epistatic gene effects in
the performance of these characters. On the other hand, insignificant F,
deviation were detected for plant height, number of spikes /plant, 100-kernel
weight and biological yield/plant in the two crosses, and for grain yield/plant in
the second one. These results may be indicate that the epistatic gene effects
have a minor contribution in the inheritance of these traits.

Backcross deviation (E;) was revealed to be significant for plant
height and biological yield/plant in the first cross and insignificant for all
studied characters except for; number of kemels/ spike, grain and biological
yield/plant in the second one. These results could indicate the presence of
epistasis in such large magnitude as to warrant great attention in breeding
programs.

The choice of the riost effect breeding procedures depends to a
large extent on the knowledge of the genetic system contributing the
characters to be selected. Therefore, the nature of gene action was also
computed according to Gamble (1962). The estimates of various types of
gene effects contributing to the genetic variability are presented in Table (3).

“The estimated mean effect parameters (m), which reflects the
contribution due to over all mean plus the loci effects and interactions of the
fixed loci, were found to be highly significant for all studied characters in the
WO Crosses.

Significant negative additive gene effect was reported for 100-kemel
weight, grain and biological yield/plant in Giza 168 x Sakha 93 cross,
reflecting that the additive gene effects was of less importance in the
inheritance of these characters. Similar results were obtained by El-Hosary
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(2000), Moustafa (2002) , Hendawy (2003) Ei-Sayed (2004) and Abdel Nour,
Nadya et al. (2005).

Dominance gene effects were found to be significant for all studied
characters, except for number of spikes/plant in the first cross and for number
of kemnels/spike, grain yield/plant and biological yield/plant in the second one,
pointing out the importance of dominance gene effects in the inheritance of
these characters. Significant (a) and (d) components indicated that both
additive and dominance gene effects were important in the inheritance of
these characters. Therefore, selecting desired characters could be practiced
in the early generation but would be more effective in late ones.

In autogamous crops i.e., wheat and barley, the breeder is normally
aiming at isolating parental combination that are likely to produce desirable
homozygous segregants. The utility of attempts at identifying such pure lines
is facilitated by the preponderance of additive genetic effects in self
pollinating crops ( Joshi and Dhawan, 1966).

Additive x additive types of epistatic gene effects were significant for
all studied characters except for plant height, number of spikes/plant and
100-kernel weight in the first cross, plant height, number of spikes/plant and
number of kernels/spike in the second one. Significant additive x dominance
type of epistasis was found for 100-kemel weight and biological yield/plant in
the first cross, and for all studied traits except for plant height, grain and
biological yield/plant in the second one. Dominance x dominance types of
gene action was found to be significant for grain and biological yield/plant in
the first cross; and for all traits except, plant height and number of
spikes/plant in the second one.

The presence of both additive and non additive gene action for
number of spikes/plant in the first cross, and for piant height and number of
kernels/spike in the second cross would indicate that selection procedures
based on the accumulation of additive gene effects could be very successful
in improving these traits. However, to maximize selection advance, both
additive and non-additive genetic variations are important and would be
preferred. Similar conclusion was reported by Mosaad et al. (1990), Abul-
Naas ef al. (1991), Gouda et al. (1993), Al-Kaddoussi et al.(1994), El-Hosary
et al. (2000), Moustafa (2002), Hendawy (2003) El-Sayed (2004) and Abdel
Nour, Nadya et al. (2005).

Heritability values indicates whether progress from selection for a
plant character is relatively easy or difficult to make a breeding program. A
plant breeder, through experience, can perhaps rate a series of characters on
their response to selection. Heritability gives a numerical description of this
concept.

Heritablity in both broad and narrow senses and genetic advance
under selection are presented in Table (4). High heritability values in broad
sense were detected for all studied characters. :
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Table (4): Heritability % in broad and narrow sense, genetic advance
upon selection and genetic advance% for the studied
characters of the two crosses.

Plant No.of | No.of {100-grain| Grain |Biological
Cross Parameters | height | spikes/ | kernels/| weight | yield/plant yield/plant

{cm) plant spike _{gm) (gm) _ {gm)

Cross 1: Heritability (b) | 92.38 88.15 82.63 93.85 94.87 90.67
Gemmeiza THeritability {n) | 70.66 78.57 | 33.63 63.29 70.72 86.27
X lAg 7.14 9.95 7.39 0.97 27.05 42.56
Sids 1 % 6.07 50.51 11.88 21.78 59.41 22.09
Cross 2: [Heritability (b) | 80.78 | 88.34 | 8154 | 67.16 81.62 80.20
Giza 168 |Heritability (n} | 65.93 84.57 80.59 54.23 72.7 78.42

x rég_ 4.60 11.24 | 17.83 0.5 18.88 30.33

| Sakha 93 [Aq % 4.30 $3.76 | 27.39 10.86 25.31 13.69

High narrow sense heritability values were recorded for number of
spikes/plant, and biological yield/plant in both crosses. Moreover, moderate
narrow sense heritability were detected for plant height and grain yield/plant.
Meanwhile, low heritabilitvy value was obtained for number of spikes/plant in
Gemmeiza 7xSids 1 cross. The differences in magnitude of both broad and
narrow sense heritability estimates for all studied characters proved the
presence of both additive and non-additive gene action in the inheritance of
the characters under study. Same results were previously obtained by
Jatasra and Paroda (1980), Mosaad et al. (1990); and Gouda et al. (1993)
Moustafa (2002), Hendawy (2003), El-Sayed (2004) and Abdel Nour, Nadya
et al (2005).

Genetic advance under selection (Ag%) was high in magnitude for
number of spikes/plant, 100-kemel weight, grain and biological yield/plant in
the first cross; as well as for number of spikes/plant, number of kernels/spike
and grain yield/plant in the second one.

Moderate genetic gain was detected for number of kemnels/spike in
the first cross; and 100-kernel weight and biological yield/plant in the second
cress. Relatively low values of genetic gain were estimated for plant height in
the first and second cross. Dixit et al., (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. In this study, high to moderate genetic advance (Ag%) were found to be
associated with high to moderate narrow sense heritability estimates for
number of spikes/plant, 100-kernel weight, grain and biological yields/plant in
the first cross, as well as for number of spikes/plant, number of kernels/spike
and grain yield/piant in the second one. Consequently, selection for these
characters would be effective and satisfy. Relatively low genetic gain was
associated with low heritability values for number of kernels/spike in the first
cross and 100-kernel weight in the second one. Hence, selection for these
traits may be less effective. These results were in accordance with those
obtained by Moustafa (2002) and Hendawy (2003). As it is welli known,
improvement in selection is directly proportional to their heritable values.

3280



J. Agric. Sci. Mansoura Univ., 31 (6), June, 2006

The expected response to selection, varies with the phenotypic
standard deviation of population means, this figure is a measure of the total
vartability for the characters and therefore reflect the total response that could
be realized by breeding techniques.

According to the results mentioned above, the first cross, (Gemmeiza
7 x Sids 1) may be have a good potentialty to improve number of
spikes/plant, 100-kernel weight and grain yield/plant and the second cross for
number of spikes/plant, number of kernels/spike and grain yield/plant.

Generally, most biometreical parameters estimated for the second
cross were found to be higher in magnitude than those estimated for the first
one. Consequently, it could be concluded that the ( Giza 168 x Sakha 93)
cross would be of interest in a breeding program for bringing out the
maximum genetic improvement in the attributes studied.
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