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ABSTRACT

The present work was carried out during 2006/2007 to 2009/2010. Three crosses
among four parents, namely Giza 164 x Giza 168, Debeira x Giza 168 and Giza 164 x
Hubara-5 were grown in two experiments (normal sowing date 20 November " N" and
20™ December " late sowing” or heat siress " H " ). Five populations (P}, P, F,, F; and
bulk Fy) for each cross were used. Significant positive heterotic effects were found for all
characters except for days to heading in the first and third crosses, spikes /plant in the
second cross, kernels/ spike in all crosses and kernel weight in the first cross in the
mormal sowing date ( N } and also grain yield /plant in all crosses, days to heading in the
first cross, days to maturity in the second cross, grain filling rate/day and spikes/plant in
the first and the second crosses, kernels/spike in the second and the third crosses and
kernel weight in the second one in the late sowing date (heat stress "H"Y). Over-
dominance above the higher pareni, was detected for all characiers, excepi for days to
heading in the second cross, days io maturity in all crosses, kernels/spike in the first and
the third crosses and kermel weight in the first one in (V) and also, except days fo
heading in all crosses, days to maturity and grain filling rate/day in the third cross,
spikes/plant in the second and the third crosses, kernels /spike in the second cross and
kernel weight in the first and the third crosses in late sowing date (H). The other types of
dominance were also studied. Inbreeding depression estimates were found fo be
significant and positive for days to heading and kernel weight in the third cross, days o
maturity in the firsi and the third crosses, grain filling rate/day and grain yield/ plant in
all crosses, spikes/plant and kernel weight in the third cross and kernels/spike in the
second cross in Fy; and Fy under (N) and also significant and positive for grain filling
rate/day and kernels Aspike in the second cross and for grain yieldplant in all crosses for
F; under (H). Additive gene effecis were significant for all characiers excepi for days to
maiurity in the second cross and grain filling rate/day in the third cross in (V) and days
to heading and kernel weight in the second cross under in late sowing date (H). F;
deviation (Ey) was significant for all studied characiers excepi for grain filling rate/day
in all crosses, spikes/plant and grain yield/plant in the second cross and kernels /pike in
the first cross under (N), while under heat stress (H), E; was significant for days to
heading in the third cross, days fo maturity in the first and the second crosses, grain
filling rate/day, spikes/plani , kernels/spike and grain yield/ plant in the second cross and
kernel weight for all crosses. Moreover, F; deviation (E;) was significant in all
characters except for grain filling rate/day and grain yieldplant in all crosses,
spikes/plant in the first and the second crosses and kernel weight in the third cross under
V), and excep: days to heading and spikes/plant in the first and the second crosses; days
to maiurity in the third cross, grain filling rate/day in all crosses, spikes/plant in the firsi
and the second crosses, kernels /spike in the first and third crosses, kernel weight in the
«second cross and grain yield/plant in the first cross under (H). These resulis suggest the
potential for obtaiming further improvements in most studied characters. In addition,
dominance and epistasis were found to be significant for most of the studied attributes.
High to medium values of heritability estimates were found fo be associated with low and



high expected and actual grain in most characters at both normal and heat siress.
Selection in segregafing generations could be effective to produce lines that have high
yielding ability under late sowing.
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INTRODUCTION

Global warming with the ensuing elevated heat stress is a recent
phenomenon that poses a serious threat to wheat productivity all over the
world (Southworth et al 2000). Many of the world's wheat plants are
exposed to short periods of very high temperature during grain filling
period, The average wheat yield loss due to moderately high temperature is
estimated -at. 10-15 % mainly due to the reduced single kemel weight
(Wardlaw and Wrigley 1994). Such loss in single kernel weight is estimated
at 4% for each "C above the optimum degree in wheat. A heat wave of 3 or
4 days at 35-36 C can modify grain morphology and reduce grain size in
wheat. Overcoming the gap of cereal production depends mainly on
horizontal extension of cultivated area of cereals. This is encountered by
unfavorable conditions such as drought, heat and high salinity of soil. The
first step is to identify the superior tolerant genotypes to be used in this
programs. Continual heat stress (main daily temperature above 17.6 "C in
the coolest month of the year) affects approximately 7 million ha of wheat
in developing countries, while terminal heat stress is a problem in 40 % of
- -irrigated wheat growing areas of the world (Fischer and Byerlee 1991).
Crops damage due to high temperature under late planting condition has
become an important factor limiting wheat yields. Therefore, it is highly
. desirable to dwelnp varieties having tolerance to the heat cnmumemd due
to late planting in the region. Elahmadi, (1993) found that heat stress is
known to cause stunted plant growth, reduced tillering and accelerated

development and lead to small heads, shriveled grains and low yields.
' Since potential yield in wheat is established early in the life cycle b}'
_ the terminal spikelet stage (Siddique et al 1989), selection for higher grain
yield might be directd to pre-anthesis plant attributes that are related to yield
in area experiencing late heat stress. Hybridization between the local wheat
“gultivars and "exotic materials would be the solution to increase genetic
variability. Therefore, increasing wheat production vertically and/or
__ horizontally becomes an important goal to reduce the amount of wheat
imports and provide enough food to meet the increasing domestic demands.
By using some of these response; days to heading and maturity, grain filling
rate/day ‘and yield and its components; an easily identifying for heat
tolerance can be found.

Genetic analysis provides a gmdelme to the breeder in cvaluating

and selecting the elite parents and desirable identifiable cross to be used in
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the formulation of systemic breeding program for improving quantitative
traits such as yield and vield attributes. The results of Kheiralla er al (2001),
Omara ef al (2004) and Amin and Ali (2008) indicated that additive and
non-additive variance were highly significant for days to heading, No. of
kernels/spike, kemél’ weight and grain yield/plant under normal and late
sowing date. The additive gene effect was the main type of gene action in
the inheritance of all traits, except for kernel weight under late sowing date.
Meanwhile, the dominance gene effect played an important role in the
inheritance of grain yield/plant under both environments. El-Sayed (2006),
found that both additive and non-additive gene effects controlled genetic
system of morph-physiological traits (days to heading and maturity) and
grain yield and its components. The additive gene effects were the most
prevalent type under normal and late sowing date for these traits except for
arain yield in F; under late sowing date and F; in the two sowing dates.
Heritability values were high in both broad and narrow-sense for morpho-
physiological traits in the two sowing dates, while broad and narrow-sense
values for grain yield and its components varied from intermediate to high
in broad and intermediate to low in narrow sense values for all traits under
two sowing dates. In addition, concerning the heritability estimates, Abdel-
Nour (2006a and b), Abd-Allah (2007), Abd-Allah and Abdel-Dayem
(2008) and Abdel-Nour and Hassan (2009) reported that narrow sense
heritability estimates were medium to high for yield and its components.

The objectives of this study were to identify the genetic behavior of
some agronomic and yield characteristics under normal and heat environment;
study the type of gene action which control the agronomic and yield traits under
normal and heat stress; and to determine the most promising character(s) to be
used for indirect selection for yield under heat stress in bread wheat crosses
using five populations.

MATERIALS AND METHODS

-Three crosses were used in the present study. They were derived
from four widely diverse bread wheat genotypes. Names and pedigrees of
parental genotypes are given in Table (1). These genotypes were used to
obtain the following crosses: (1) Giza 164 x Giza 168, (2) Debeira x Giza
168 and (3) Giza 164 x Hubara-5

Cultivar Giza 164 (high yield, having high number of kemels/spike,
high heavy kernel weight and heat tolerant), cultivar 168 {aigh yielder, and high
number of spikes/plant), cultivar Debeira from exotic materials (high yielder,
high number of spikes/plant and have heavy kernel weight under heat stress)
and cultivar Hubara-5 is from exotic materials (kigh vielder and had high
number of spikes/plant under heat stress).
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Table 1. The name, pedigree and origin of the four parental bread
wheat genotypes.

No. | Name Pedigree Origin

P, | Giza 164 | KVZ/BUHO"S"/Kal/BB=VEERY "S"#5 Egypt

P, | Giza 168 | MRL/BUC/SERI Egypt

P; |Debeira | Unknown Sudan
'P; | Hubara-5 | Unknown ICARDA

The study was carried out at El-Giza Research Station during three
successive seasons from 2006/2007 to 2008/2009. The final experiment (the
fourth season) was conducted at Kom Ombo Research Satation, Aswan
Governorate, Agriculture Research Center, ARC in 2009/2010 season. In
e first season (2006/2007), the parental genotypes were crossed to obtain
F; seeds. In the second season (2007/2008), the hybrid seed of the three
crosses were sown to give the F, plants. These plants were selfed to produce
F, seeds. Crossing was repeated to ensure enough and more fresh hybrid
seeds. The new hybrid seed and part of the F, seeds were stored under
refrigeration for further use. In the third season (2008/2009), F;, F; and
parents seeds were sown to produce more F; seeds and F; plants were selfed
to produce F; seeds. i

In the fourth season (2009/2010), the five populations Py, P2, Fy, F2
and F; of each of the three crosses were grown in two adjacent experiments
two sowing dates; 20® November (normal sowing date (N) and 20"
December (late sowing date "heat stress" (H)). Each experiment was
arranged in a randomized complete blocks design with four replications,
Rows were 4m long spaced 20cm. apart. The plants within rows were 10cm.
apart. Hach plot consisted of two rows for each parent and F;, five rows for
F; generation and 20 rows for F; families selected from F; at season
2008/2009 from each cross. Data were recorded on individual guarded
plants from each plot (50 plants from Fs, 40-plant from F;-bulk and 10
plants for parents and/or F;), for days to heading, days to maturity, grain
filling rate/day, No. of spikes/plant, No. of kernels /spike, 100-kernel weight
(g) and grain yield/plant. The proper cultural practices were applied as
recommended for wheat production in both dates. The average temperature
in 2009/2010 season at Kom-Ombo Agric. Res. Station is shown in Table

).
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Table 2. Average, maximum and minimum of monthly temperature at
Kom-Ombo during 2009/2010 winter season.

Degree of
pER Maximum Minimum Average
Month
November 2009 29.6 10.5 20.05
December 2009 25.7 6.2 15.95
January 2010 28 8.0 18.0
February 2010 30.8 10.9 20.85
March 2010 33.8 14.2 240
April 2010 37.7 17.6 27.65
| May 2010 40.5 19.7 30.1

The amount of heterosis was expressed as the percentage increase of
F| above better parent values. Inbreeding depression was calculated as the
difference between the F; and F; means expressed as percentage of the F,
mean, and the difference between the F; and F; means expressed as
percentage of the F; means. The T-test was used to determine the
significance of these deviations where the standard error (S.E.) was
calculated as following:
S.E. for better parents heterosis:

F, - BP = (VF, + VBP)'?
And S.E. for inbreeding depression

Fi—F2= (VF) + V)"

F; ~ F3= (VFy +VFy)"? £

Where in addition F; deviation (E;) and F; deviation (E;) were
measured as suggested by Mather and Jinks (1971). Potence ratio (P) was
also calculated according to Peter and Frey (1966).

Type of gene effects was estimated according to Singh and
Chaudhary (1985) for the five parameter model.

The standard error of additive (d), dominance (h), dominance x
dominance (1) and additive x additive ( i ) is obtained by taking the squares
root of respective variation. "T " test values are calculated ppon dividing the
effects of d, h, 1 and i by their respective standard error.
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m=F
d=12P,-12P,

h = 1/6 (4F, + 12 F; - 16 F3)
1=1/3(1/16 F3— 24 F, + 8 Fy)
i=P—F, + 1/2(P, - P, +h)-1/41

and Vm = ‘E"z

Vd = 1/4 (VP, + VPy)

Vh = 1/36 (16VF, + 144 F, + 256 VF;)

V1 =1/9(256 VF; + 576 VE, + 64 VF;)

Vi=VP, + VF, + 1/4( VP, + VP, + Vh) + 1/16 V1

Heritability in broad and narrow sense was calculated according to
Mather (1949) and parent off-spring regression according to Sakai (1960).

Furthermore, the predicated and actual genetic advance (Ag) from
selection were computed according to Johanson ef al (1955).

The genetic gain as percentage of the F; and F; mean performance
(Ag%) was computed using the method of Miller ef al (1958) .

RESULTS AND DISCUSSION

Genotypes differences were significant in most characters under
investigation. The F, genetic variances were also significant for all studied
characters in the three crosses under the two dates of sowing. Therefore, the
different biometrical parameters used in this investigation were estimated.
Means and variances of the five populaﬁuns P], P1, F|, F2 and F3 for the
characters studied in the three crosses under normal and late sowing dates
conditions are presented in Table (3).

It could be seen that delaying planting date (H) reduced number of
days to heading when compared with favorable condition. These results
could be due to the fact that unit and the accumulated metabolites required
for wheat flowering were reduced in (H). Similar results were reported by
Abdel-Karim (1991), Abd El-Shafi and Ageeb (1993), Kheiralla er a! (2001)
and El-Sayed (2006).
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Table 3. Means (_1 ) and variances (5%) for the studied characters of the five populations (P, Py,
F;, F; and bulk F, families ) in three bread wheat crosses,

Fara Giza 164 x Giza 168
Characters Normal sowing date { N | Late sowing date  beat stress)
Py Py F; F; |F; bull Py Py Fy F; |F;
X | 10533 | 101.47] 99.84 | 99.67 | 99.46 | 94.25 | 9142 | 9213 | 9240 | 92012
Daystoheading |~ 17767 [ 132 | 072 | 518 | 4.10 | 039 | 158 | 149 | 485 | 3.5
X | 143.27| 141.40 | 146.08 | 145.80 | 145,50 133.25 | 13133 | 130.63 | 130.80 | 130.33
Days to maturity "o 1932 | 0.47 | 0.68 | 125 | 100 | 0.68 | 163 | 175 | 870 | 649
Grain filling | X | 009 | 0-56 | 0.77 | 0715 | 065 [ 0343 | 028 | 0.414 | 0384 | 0364
rate/day s*| 001 | 0.01 | 001 |0.135 | 0.09 | 0.01 | 0.003 | 0.007 | 0.042 | 0.03
X | 967 | 1L.60 | 14.83 | 14.07 | 13.08 | 925 | 742 | 10.00 | 9.70 | 967
Spikes/plant TS0 [ 480 | 417 | 220 | 1850 175 | 162 | 230 | 1390 | 9.70
% [ 59.07 | 47.99 | 5231 | 5115 | 50.67 | 34.00 | 38.00 | 39.90 | 38.55 | 36.18
Kernels fspike =070 | 38.60 | 41.60 | 15090 | 120.95] 41.50 | 36.20 | 46.70 | 156.90 | 123,60
: X | 458 | 404 | 458 | 458 | 4.59 | 427 | 395 | 400 | 3.98 | 397
100-kernel weight (8) ™ [~0.07 | 0.08 | 0.05 | 0.41 | 026 | 002 | 0.022 | 0029 | 0.3 | 0.1
| 26.16 | 22.21 | 35.49 | 32.96 | 30.13 | 1338 | 1117 | 15.95 | 14.73 | 13.88
Grain yield/plant (8) 175760 | 10.50 | 13.40 | 64.70 | 50.10 | 4.85 | 567 | 497 | 48.60 | 36.80
. Debeira x Giza 168
x| 101.92] 101.47] 104.67] 104.30 | 104.36] 91.75 | 91.42 | 91.63 | 91.50 | 9L78
Daystoheading " 17275 | 132 | 3.35 | 8.70 | 7.20 | 460 | 158 | 10.50 | 17.90 | 1350
X |141.38 | 141,40 | 144,08 | 143.67 | 143.71] 134.25 | 131.33 | 135.88 | 136.10 | 135.67
Days to maturity |~ 1725047 | 250 | 890 | 586 | 660 | 163 | 870 | 20.50 | 16.40
X 0.75 0.56 0.84 077 0.7s 034 028 0.55 0.50 0.474
filling rate/day |-~ 91 | 0.01 | 0.01 | 0.1Z | 0.08 | 0.004 | 0.003 | 0002 | 0.092 | 0.069
: % | 16.75 | 1160 | 1533 | 15.07 | 1450 | 10.00 | 7.42 | 1235 | 1170 | 11.00
Spikes/plant  ["71"370 | 480 | 285 | 1470 | 1180 | 124 | 162 | 1.54 | 1260 | 835
X | 3838 | 47.39 | 45.28 | 41.83 | 41.54 | 36.06 | 35.00 | 46.59 | 4430 | 45.33
Kernels fspike =2 T"598 | 38.60 | 7.45 | 94.50 | 7120 | 460 | 36.20 | 620 | 99.50 | 71.50
_ % | 461 | 404 | 4.76 | 483 | 487 | 399 | 3959 | 4263 | 426 | 4.167
100-kernel weight ()= [ 004 | 0.08 | 0.7 | 032 | 024 | 0.04 | 0.022 | 0.03 | 0369 | 0275
X | 2062 | 2221 | 33.00 | 30.42 | 29.34 | 1439 | 1117 | 2433 | 22.08 | 20.78
Graln yield/plant &) =355 [ 10.50 | 4.55 | 53.90 | 3590 | 250 | 567 | 3.80 | 5860 | 37.90
e Giza 164 1 Hubara 5
| 10533 105.67] 10133 | 101,20 | 100.77] 94.25 | 9254 | 92.63 | 9250 | 92.30
Daysto heading =763 | 153 | 124 | 257 | 220 | 639 | 265 | 3.40 | 670 | S48
| X | 14327 | 141,80 145.33] 144.33 | 143,38 | 133.25 | 132.62 | 133.13 | 133.08 | 133.00
Daysto matarity " 17932 | 064 | LI5 | 630 | 480 | 0.68 | 3.70 | 465 | 10.50 | 7.80
i X | 069 | 068 | 09 | 082 | 0.762 | 0.34 | 0393 | 0411 | 037 | 0359
rain filling rate/day "5 91 | 0.01 | 0.01 | 0.06 | 005 | 001 | 0007 | 081 | 001 | 0087
y X 967 | 12.27 | 18.00 | 1680 | 1562 ] 9.25 1192 | 11.00 | ID.58 | 10.30
Spikes /plant L1510 ' 120 | 390 | 1295 | 1025 | 175 | 0420 | 155 | 4.90 | 3.50
; X | 59.07 | 49.00 | 46.00 | 45.45 | 44.86 | 34.00 | 3105 | 35.64 | 36.95 | 36.51
Kernels ispike [~ 15555 [ 25.80 | 19.70 | 126.80 | 98.60 | 41.50 | 21.50 | 10.60 | 153.50 | 11580
o0 keraet meight )| X |38 | 15 | 478 | 47 | 43 | aar | v | so1 | 3w | 38
g2 a7 0.03 0.03 019 015 002 0.19 014 06s 0.438
Grain yield/plant (g) x_ 26.16 | 24.66 | 39.49 | 3555 | 3245 ] 1338 | 1577 | 1663 | 1515 | 14.63
E: g | 1560 ' .40 B.50 | 47.75 | J8.60 | 4.85 .75 4.10 29.80 | 19.50
5
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Heterosis relative to the better parent, inbreeding depression
percentage, potence ratio (P), E;, E; and different gene actions for the seven
studied characters under the two environments are given in Table (4).

Significant positive heterosis was found for grain yield under normal
and heat stress in all crosses, days to heading in the second cross, days to
maturity and grain filling rate/day in all crosses, spikes/plant in the first and
second crosses and kernel weight in the second and the third crosses under
(N) and was found for days to heading in the first cross, days to maturity in
the second cross, grain filling rate/day and spikes/plant in the first and the
second crosses, kernels/spike in the second and the third crosses and kernel
weight in the second cross under (H) condition.

Significant negative heterosis was found for days to heading in the
first and the third crosses, spikes/plant in the second cross and kernels/spike
in the three crosses under (N); days to maturity in the first cross,
spikes/plant in the third cross and kernel weight in the first and the third
crosses under (H). These results indicated the presence of heterosis effects
for these characters.

Similar results were reported by Gautam and Jain (1985), El-Hosary
et al (2000), Hendawy (2003), Abdel-Nour (2006 a and b), Abdel-Nour and
Moshref (2006), Abd-Allah (2007) and Abd-Allah and Abd El-Dayem
(2008).

Number of spikes /plant, number of kemels/spike and kernel weight
are the main components of grain vield/plant. Hence, heterotic increase if
found in one or more of these attributes with other attributes being constant
" would lead to favorable yield increases in hybrids. The lack of significance
in heterosis of kernel weight in the first cross under (N) and kernels/spike in
the first cross under (H) could be due to lower magnitude of the non-
additive gene action. These results are in agreement with Amaya er al
(1972) and Katata ef al (1976). The pronounced heterotic effect detected for
No. of spikes/plant in the first and third crosses, kemnels weight in the
second and the third crosses under (N) and also, spikes/plant in the first and
the second crosses, kernels/spike in the second and the third crosses and
kernel weight in the second cross under (H) would be of interest in a
breeding program for high yield.

These results indicated that duration from planting to heading and
maturity was reduced with the delay in sowing, but the reduction was slow
up to the end of November and became rapid after November.

Grain filling period under (H) environment was reduced as
compared with the normal planting date. The decrease in grain filling period
could be due to increasing temperature during this period, causing decrease
in grain yield. These results are similar to those reported by Abdel-Karim
(1991), El-Morshidy et al (2001), and Ficher and Maurer (1978). They
reported that grain yield was reduced by 4% as a result of increasing
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Table 4. Heterosis, potence ratio, inbreeding depression and gene action parameters in the three bread wheat crosses.

Character Days to maturity Grain filling rate/day
Cross 2 3 1 - 1 3
Heteroais % over B.P. 1 l.illi: 249" 1130 | 1158 | 30.14"
346 0.38 20.70" | 6224 4.58
=169 -3.8 2,164 1.892 60.43
2.116 -0.62 3.254 0.022
} 0,29 0.69 690 824"

0.03 0.42 8.53 7.52"

-0.16 0.04 725 . 9.24
0.32 0.06 | 52 3,758
143,67 | 144.33" "] 0.824"
-0.01 0.067 0.004
0.167
1.307 | -0.184
-1.54" :
0.935" 0.02
1.99“_ -0.083
136.1° 0.384"
1.46™ 0.032"
1.0 0.073
-2.88 -0.027
0.83 0.034

Potence ratio

Inbreeding

depression %

£
g
E
£
®
=%
=
=
-
[+
b
o
=
]
Q

T

0.003
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Table 4, Cont.

100-kernel weight (g) Grain yield/plan (g)
Cross 1 2 3 1 2 wofges 1 2 3
Heterash % ever BE.} N -11.44" 445" -12.13" £0.11 328" 426~ | 3567 | 151" | 5096
H 5.0 2261 13,64 626 684" 823" | 1921° | 6907 | 545"
N 20.158 9.86 -1.60 0.981 18,61 199 | s74 | 192 | 1877
T Fu 1.95 0.532 5.5 0.734 1.533 466 | 336 | 717 | in
¥E E F, 2.22 762" 112 .11 -1.43 2260 | 713" | 7190 | 988"
E N N 0.69 130 0.13 093 orr_| 8" | 3855 | s
z & 5 | F 3.38 492" 437 0.50 -0.07 0.97 785 | 98T | EWT
£ 3 Fy 6.15 233 119 0.33 218 0.39 577 5.89 3.43
m 51.15™ 41.83" 4545" 458" 4826 4667 | 3296 | 3042 | 3555"
P d 584 451" 504" 027" 0.284" 0217 | 1.975" | 3705" | 075
-8 |3 278 3.07 1.94 -0.019 20.165 0168 | 923" | 462 | 1089
g E [ 235 7.65 -1.68 0.019 0.059 010 | 835 | 120 | 6027
e« |Z |1 1573 £33 20,08 0256 0.033 0.19° | 1879 | 4915° | -1.688
1 E, -162 228" 45T 0.138" 0.285" 0.098" | 312" | 0948 | 30"
g E; 420 509" -1032” 0.287" 0.661 0124 | 05 | 0265 | 0.0
g m 3855 4433 3695 398" 4263 | 3875 | 1473 | 2208 | 1515
H d 20" 297 1.025° 0154~ 0.016 0.063° | 1.105" | 161" | -1.195"
e S 722" A1n 2.30 0.048 0.25 0015 | 308 | 497 | 2373
™ gl -9.04 8.24 2.16 -0.016 049 08 | -128 | 093 [ 1173
B0 -0.68 -11.88" -1.32 0.469" .01 040" | 1615 | 336 | -20m
o (E, 0.60 249" 114 0077 014" 018" | 0618 | 353" | 045
354 704" 141 0.179" 0.097 034 | 0465 | 445" | 195
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temperature by 1C over the optimum temperature if such rise occurred from
the end of tillering until the grain filling stage.

The potence ratio obtained indicated over-dominance towards the
higher parent were obtained for all characters except for days to heading in
the second cross, days to maturity in all crosses, kemels /spike in the first
and the third crosses and kernel weight in the first cross under (N) and also
days to heading in all crosses, days to maturity and grain filling rate/day in
the third cross, spikes/plant in the second and the third crosses, kernels/spike
in the second cross and kemnel weight in the first and third crosses under
(H). Complete dominance was found for kernel weight in the first cross
under (N). Over-dominance towards the lower parent was obtained for days
to heading in the second cross, days to maturity in all crosses and
kernels/spike in the third cross under (N) and also found for kernel weight in
the third cross under (H). There was partial dominance towards the higher
parent for days to heading in all crosses, grain filling rate/day in the third
cross, spikes/plant in the second and the third crosses and kernels/spike in
the second cross under (H). Meanwhile, partial dominance towards the
lower parent was found for kernels/spike in the first cross under (N) and
also days to maturity in the third cross and kernel weight in the first cross
under (H). These results are in harmony with those obtained by Ketata er al
(1976), Jatasra and Paroda (1980), Abul-Nass et al (1991), Hendawy
(2003), Abdel-Nour (2006b), Abdel-Nour and Moshref (2006), Abdel-Allah
(2007), Abdel-Alla and Abdel-Dayem (2008) and Abdel-Nour and Hassan

(2009). :

Significant inbreeding depression (ID) was found for days to
heading, spikes/plant and kernel weight in the third cross, days to maturity
in the first and the third crosses, grain filling rate/day and grain yield/plant
in all crosses and kemels/spike in the second cross under (N).However,
under heat stress condition, significant (ID) was found for grain filling
rate/day and kernels/spike in the second cross and grain yield/plant in all
crosses. These significant values may be mainly due to high magnitudes of
over-dominance and dominance for these trairs.

Significant heterosis and insignificant inbreeding depression were
obtained for days to heading and days to maturity and kernel weight in the
second cross and spikes/plant in the first cross under (N) and also days to
heading and grain filling rate in the first cross, days to maturity and kemel
weight in the second cross, spikes/plant in the first and the second crosses
under (H) condition. These results indicated that selection in the segregating
populations for development of grain yield under (H) condition could be
effective to produce lines that have high grain yield and high tolerance to
heat stress. Similar results were obtained by Kherialla, er a/ (2001), Omara
et al (2004) and Amin and Ali (2008).
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Nature of gene action was determined using the five parameter
model (Table 4). The estimated mean effect of F, (m) which reflects the
contribution due io the overall mean plus the locus effect and interaction of
fixed loci, was found to be highly significant for all studied characters in all
crosses under both normal and heat stress. The additive gene effect (d) was
found to be significant and positive for days to heading and grain filling
rate/day in the first and the second crosses, days to maturity and
kernels/spike in the first and the third crosses, spikes/plant in the second
cross and kernel weight and grain yield/plant in all crosses under (N).
However, significant negative additive values (d) was obtained for days to
maturity in the third cross, spikes/plant in the first and the third crosses and
kernels/spike in the second cross also under (N) condition. However,
significant positive additive values (d) was obtained for all characters except
for days to heading and kernel weight in the second cross, grain filling
rate/day, spikes/plant and grain yield/plant in the third cross and
kemels/spike in the first and the second crosses under (H) condition. By
contrast, significant negative additive values (d) was obtained for grain
yield, spikes/plant and grain yield/plant in the third cross, and kernels/spike
in the first and the second crosses under (H) condition. These results suggest
the potential for obtaining further improvement for the former characters
that showed positive and significant values by using pedigree selection
program.

Dominance gene effect (h) was found to be significant for days to
heading in the third cross, days to maturity, grain filling rate/day and
spikes/plant in the first and the third crosses, and grain yield/plant for all
crosses under (N) and also spikes/plant in the second and the third crosses,
and grain yield /plant in the second cross under (H) condition. When
dominant genes are present, it would be tend to favor the production of
hybrids, while the existence of the additive gene action in the gene pool
encourage the improvement of the character by selection program.

Dominance x dominance (1) type of gene action was found to be
negative and significant for spikes/plant in the first cross under (IN) condition.
These results confirm the important role of dominance x dominance gene
interaction in the genetic system controlling these characters. A significant
additive x additive type of epistasis (i) was detected for all characters in all
crosses except for grain filling rate/day in the second and the third crosses,
spikes/plant in the first cross, kemel weight in the second cross and grain
yield/plant in the first and the third crosses under (N) condition and also
significant additive x additive types was obtained for days to heading and
kemel weight in the first and the third crosses, days to maturity in the first
cross, spikes/plant in the third cross and grain yield in the second cross under
(HV condition. The imporiant roles of both additive and non-additive gene
actions in certain studied characters indicated that selection procedures based

200



on the accumulation of additive effects would be very successful in improving
these characters. Similar trends were reported by Nayeem and Veer (1994),
Abdel-Karim (1991), Kherialla et a/ (2001), Hendawy (2003), Omara et
al(2004), Abdel-Nour (2006 b), Abdel-Dayem (2008), Amin and Ali (2008)
and Abdel-Nour and Hassan (2009)

Significant and positive F; deviation (E;) was found for days to
heading in the second cross, days to maturity and kernel weight in all
crosses, spikes/plant and grain yield/plant in the first and the third crosses
and also negative significant F; deviation (E;) was found for days to
heading in the first and the third crosses and kemels/spike in the second and
the third crosses under (N).

Significant and positive F; deviation (E;) was found for all
characters in the second cross except for days to heading and also negative
significant for days to heading in the third cross, days to maturity in the first
cross and kernel weight in the first and the third crosses under (H)
condition. On the other hand, insignificant F, deviation was detected for
grain filling rate/day in all crosses, spikes/plant and grain yield/plant in the
second cross and kemels/spike in the first cross under (N) condition and
also were found for days to heading in the first and the second crosses, days
to maturity in the third cross, grain filling rate/day, spikes/plant,
kernels/spike and grain yield/plant in the first and the third crosses under
heat (H) condition. This may indicate that epistatic gene effects had major
contribution in the inheritance of these traits.

F3 deviation (E;) was found to be significant and positive for days to
heading in the second cross, days to maturity and kernel weight in the first
and the second crosses and spikes/plant in the third cross and also negative
significant value was found for days to heading in the first and the third
crosses, days to maturity in the third cross and kernels/spike in all crosses
under (N) condition. Positive significant (E;) values were detected for days
to maturity , kernels /spike and grain yield/plant in the second cross and also
negative significant estimate was found for days to heading, spikes/plant
and grain yield/plant in the third cross, days to maturity in the first cross,
and kernel weight in the first and the third crosses under (H) condition and
also for days to heading and spikes/plant in the first and the second crosses,
days to maturity in the third cross, grain filling rate/day in all crosses,
kernels/spike in the first and the third crosses, kernel weight in the second
cross and grain yield/plant in the first cross under (H) condition. These
results would ascertain the presence of epitasis in such magnitude as fo
warrant great deal of attention in a breeding program.

Heritability estimates in broad and narrow sense and between
generations (parent-offspring regression), are presented in Table (5). High
heritability values in broad sense were detected for all studied characters
under both conditions ranged from 96.74 10 71.09 % (indicating that
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gain for all the studied characters in three crosses of bread wheat,
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superior genotypes for these characters could be identified from the
phenotypic expression and illustrates the importance of straight forward
phenotypic selection for improvement of these traits) except for days to heading
in the third cross and days to maturity in the first cross under (N) condition (N)
which revealed moderate broad sense heritability.

Marrow sense heritability estimates ranged from 28.79% for days to
heading in the third cross to 73.17 % for kernel weight in the first cross
under (N) condition and ranged from 32.84 % for days to heading in the
third cross to 70.65 % for grain yield in the second cross under (H). The
parent-offspring regression heritability was found to be high to moderate
and ranged from 35.93% to 84.07% under (N) condition and from 50.4 % to
81.92 % under (H) condition. The differences in magnitude of both narrow
sense and parent-offspring regression heritability estimates for all studied
characters would ascertain presence of both additive and non-additive gene
effects in the inheritance of these characters. This conclusion was confirmed
by estimates of gene action parameter. Similar conclusions were also
reported by Kherialla er al (2001), Abdel-Nour and Moshref (2006), Abdel-
Nour (2006 a and b), Abdel-Allah and Abdel-Dayem (2008) and Abdel-
Mour and Hassan (2009).

Besides, Table (5) shows the expected versus actual genetic gain for
all studied characters. The expected genetic advance (Ag% F;) and actual
genetic advance ( Ag% F;) ranged from low to moderate for all studied
characters in all crosses under both normal and heat stress conditions. These
results indicated the possibility of practicing selection in early segregating
generations to enhance these characters and hence selecting high yielding
genotypes. Dixit ef 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.

Generally, most of the significant biometrical parameters resulted from
all crosses were higher in magnitude under heat stress but results from the
second cross (Debeira x Giza 168) was higher than those obtained from the first
and third ones. Consequently, it could be concluded that the crosses (Giza 164
x (Giza 168), (Debeira x Giza 168) and (Giza 164 x Hubara-5) would be of
interest in breeding program for genetic improvement of wheat under beat
stress condition.
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