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Abstract

Six bread wheat genotypes namely Gizal64, Gizal68, Sidsl,
Sids7, Sahka93 and Debeira were used to study. The inheritance of
grain yield and its components i.e. number of spikes/plant, number
of kernels/spike and kernels weight, using a half-diallel cross in the
F, and F, generations. The parental genotypes, F; hybrids and F;
populations were grown in a randomized complete block design
with three replicates under normal and late sowing conditions (heat
stress). Results exhibited that late sowing reduced number of
spikes/plant, number of kernels/plant, kernels weight and grain
yield/plant by (13.17 and 11.65 %), (11.76 and 7.50 %), (9.98 and
15.78%) and (21.82 and 27.27 %) for F; and F; generation,
respectively as compared with normal planting date. The best
parents under the two sowing dates were Debeira for number of
spikes /plant, Sids 7 for number of kernels /spike and kernels
weight, Sids 1 for grain yield and Sakha 93 under the
recommended planting date. The most promising F, populations in
grain yield were (PyxP3), (P4xPg), (P3xPs) and. (P4xPs) under
normal conditions. Heat stress index values showed that the heat
tolerant parents were Sids 7, Giza 164 for number of spikes/plant,
Sids 1 and Debeira for number of kernels/spike, Sids 1 for kernels
weight and Sids 7 for grain yield. The promising F, populations for
heat tolerance were (P;xPg), (PixPs), (P2xPs) and (P;xPs) and
selection could be practiced in these populations for grain yield
and/or its components. Both additive and non-additive gene effects
were important in the genetic system for yield and its components.
The additive gene effects were the most prevalent type under both
sowing dates for these characters except for grain yield in Fy under
Jate sowing and in F, populations under both sowing dates. The
parents showed more positive alleles for all traits in both
generations under both sowing dates except for kernels weight in
the F; and F, generations under recommended planting. Broad-
sense heritability values varied from intermediate to high in all
characters. Narrow-sense heritability values intermediate to low in
all characters. These results indicate that these characters could be
affected by dominance effects and environmental factors. From the
previous results we can concluded that selection in segregation
generation could be effective to produce lines have high grain yield
under heat stress.

INTRODUCTION

Wheat is one of the major cereal crops in Egypt, which receive the attention
of specialists in plant breeding. Successful breeding programs need continuous
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information on the genetic variation and systems governing grain yield and its
components. Wheat yield was reduced 3 to 4% per 1°C above the optimum range of
15 to 20 °C in grain filling (Chowdhury and Wardlaw, 1978).

Grain yield and its components remain major selection criteria for improved adaptation
to stress environments in many breeding programs (Ortiz Ferrara et al 1991). Hence,
there is a strong need to elucidate molecular and genetic basis of heat tolerance in
cereals to identify beneficial genes and alleles and to utilize them in the molecular
breeding programs targeted to produce superior cereal cultivars in the future. Selim
(2000) found a significant decrease in number of spike/m?, number of kernels/spike,
1000 ~ kernel weight and grain yield /plant in late sowing. Sandeep ef af. (2000)
found that Genotypes and sowing dates had a significant influence on grain yield/plant
and biological yield/plant. Kheiralla and Sherif (1992) found that late sowing
decreased 1000- kernel weight and grain yield/plant by 8.7% and 22.8%, respectively.
Jatasra and paroda (1980) and Tammam (2005) showed the importance of additive
genetic variance in the inheritance of number of spikes/plant, number of kernels/plant,
100-kernel weight and grain yield/plant. Hamada and Tawfelis (2001) demonstrated
that the additive gene effects played a major role in the inheritance of number of
kernels/plant, 100-kernel weight and grain yield. Tammam (1989) found that the
dominance gene effects played an important role in the inheritance of number of
spikes/plant and grain yield. Hassan et al. (1993) and Ismail ef af, (2001) indicated
that the degree of dominance (Hy/D) ? was higher than unity. Also Ha/4H; was less
than 0.25 for number of spikes/plant, number of kernels/plant, 100-kernel weight and
grain yield/plant. El-Sayed (2004) found that low values of heritability for number of
kernels/plant, 100-kernel weight and grain yield/plant.

The objectives of this study were:

1-asses the genetic behavior of some agronomic characteristics in 15 bread wheat
crosses under heat stress,

2-detrmine the type of gene action controlling agronomic traits under heat stress.
3-Identify the best parents combinations under heat stress,

MATERIALS AND METHODS

This study was conducted at Shandaweel Agricultural Research Station, ARC,
Egypt, during the three growing seasons 2003/04, 2004/05 and 2005/06. The
genetical materials chosen for this study included six bread wheat cultivars, which
represents a wide range of diversity for several traits. The local name, pedigree and
origin of these six varieties are presented in Table (1).
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Table 1. Local name, pedigree and origin of the six parents.

e Name Pedigree Origin

No
1 Giza 164 KVZ / BUHO"S" // KAl / BB=VEERY"S" #5 Egypt
2 | Giza168 | MRL/BUC // SERIL. Egypt
3 Sakha 93 | SAKHA 92 / TR 810328 Egypt
4 Sids 1 HD21 / PAVON "S" // 1158.57 / MAYA74"S" Eqgypt
5 Sids 7. IMAYA"S"/MON"S"//CMH74.592/3/SAKHA8*2 Egypt
6 - | Debeira (Shandaweel Bread wheat breeding program) Sudan

In 2003/04 season, the parental varieties were sown at 3 various dates in
order to produce F; seeds of all possible cross combinations (excluding reciprocals) of
the 6-parent diallel. In 2004/05 season, the 15 F, hybrids and the parents were sown
in the field to produce grains of the F, generation. In addition, the parents were
intercrossed again to produce more hybrid grains for each cross. In 2005/06, parents,
F, hybrids and F, populations were grown in two sowing dates namely, 25" November
(normal sowing date) and 25" December (late sowing date).

The experiment was designed in a Randomized Complete Block Design with
three replications. Each of the parents and F; hybrids were represented by one row,
while each F, population was represented by six rows per block. The plants were
grown in one-meter long rows, spaced 30 cm apart and plants were spaced 10 cm
within each row. The borders were sown with Sohag3 durum wheat variety. The
recommended agricultural practices were applied from sowing to harvest.

The following characteristics were measured on a random sample of 5
guarded plants from the parents, F; hybrids and mean random sample of 48 guarded
plants from the F, populations in each replicate in the two dates. The means of the 5
or 48 plants were subjected to statistical and genetical analysis. The studied
characters were number of spikes/plant, number of kernels/plant, 100-kernel weight
and grain yield/plant. A dialle! analysis as developed by Hayman (1954 a, b, 1957 and
1958) and Mather and Jinks (1971) was performed on the data of 2005/06 seasons.
The Heat Tolerance Index (HTI) for each entry was computed according to
Farshadfar, et al. (2001) as follow:

HTI = Yp X Y5/ (Yp)> X 100 = Heat Tolerance Index = HTI
Where,
Yp = grain yield under normal condition.
Ys = grain yield under heat stress condition.
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RESULTS AND DISCUSSION

1- Number of spikes/plant

The average number of spikes/plant and Heat Tolerance Index “HTI” for the
six parents, 15 F; and 15 F, generations are presented in Table (2). These results
showed that the average number of spikes/plant for the parents ranged from 5.57 for
Sids 7 (Ps) to 18.63 spikes/plant for Debeira (Ps) with an average of 13.21 spikes/plant
under recommended sowing date and varied from ‘5.25 for Sids 7 (Ps) to 13.97
spikes/plant for Debeira (Pg) with an average of 10.85 spikes/plant under late sowing.
The average of Fy's crosses ranged from 11.03 for the cross (Sakha93 x Sids7) to
16.13 for the cross (Giza 168 x Debeira) with an average of 13.82 spikes/plant under
the recommended planting date and varied from 11.00 for (Sakha 93 x Sids 7) to
14.16 for (Giza 164 x sids1) with an average of 12.00 spikes/plant under late planting.
The average of 15 F, populations ranged from 11.87 for the cross (Giza 168 x Side 7)
to 16.60 for the cross (Sids 7 x Debeira) with an average of 14.41 spikes/plant under
recommended planting and from 10.93 for (Giza 168 x Sids 7) to 14.83 for (Sakha 93
x Debeira) with an average of 12.73 spikes/plant under late planting. Delaying
planting reduced number of spikes by 13.17 and 11.65 % for F, and F, generations,
respectively, when compared with the recommended planting date. Heat Tolerance
Index “HTI” values based on number of spikes/plant indicated that Sids 7(Ps) and
Gizal64 (P,) were the best parents which relatively tolerated heat (HTI=94.25 and
90.34, respectively), while Sakha 93 was the most heat susceptible parent
(HTI=74.51).The most tolerant Fihybrids and their F, populations were (Pix P3), (Px
Ps) (P1x Ps),(P1x Ps), (Px Ps),(Psx Ps),(Pax Ps),(Pax Ps) and (Psx Pg). It was shown that
Gizal64 (Py) and Sids 7 (Ps) were common parents in four crosses out of nine tolerant
crosses. This suggested that Sids 7 and Giza 164 possess heat tolerance genes and
could be used in crossing to produce lines with high yield and tolerant to heat stress.
These results are in agreement with those reported by Selim (2000).
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Table 2. Mean performance and Heat Tolerance Index (HTI) of six wheat parental
- genotypes, F; hybrids and F, Populations for number of spikes/plant,
number of kernels/spike, 100-kernel weight and grain yield (g/plant)

under normal (N) and late (L) planting dates.

Entry sp“"‘;-,‘;‘"m HIEL | oot /fpm nrx | jeokeme | mma G"“a{i"" HTI
Parents | N L N L N L N L

P 1273 | 1150 | 9034 | 4894 | 4350 | 8907 | 476 | 440 | o432 | 2057 | 2300 | 7278
P 1350 | 1080 | 80.00 | 43.79 | 3844 | 8778 | 457 | 360 | 7877 | 2691 | 1434 | s3.29
P 1467 | 1093 | 7451 | 4408 | 3641 | 8260 | 437 | 411 | 9405 | 2778 | 1731 | 6231
P 1413 | 1268 | 89.74 | 4562 | 4366 | 9570 | 449 | 420 | 95.54 | 3194 | 2367 | 7411
Ps 557 | 525 | 9425 | 6568 | 6057 | 9222 | 502 | 479 | 9542 | 1839 | 1653 | soss
P 1863 | 1397 | 7498 | 3222 | 3001 | 9314 | 436 | 382 | 8761 | 26.02 | 17.02 | 6541

Mean 1321 | 1085 4672 | 4211 466 | 419 .77 | 1864

A G 237 | 155 627 | 538 044 | 031 476 | 232

Lo o) 158 172 0.16 326

Fuhybrids

PiX Py 1437 | 11.08 | 77.11 | 43.22 | 39.28 | 90.88 | 4.64 435 | 93.75 | 28.66 | 24.42 | 85.20

PiX Py 1250 | 1117 | 89.36 | 41.61 | 40.02 | 96.17 | 4.87 4.29 | 88.09 | 2530 | 24.14 | 95.41

Pyx Py 1543 | 14.16 | 91.77 | 43.22 | 3820 | 8838 | 4.93 453 | 91.88 | 3254 | 2393 | 7354

Pyx Ps 14.03 | 12.53 | 89.31 | 52.99 | 47.64 | 90.00 | 5.19 4.18 | 88.25 | 3855 | 23.39 | 60.67

Pyx Pg 1437 | 12.87 | 89.56 | 42.88 | 41.25 | 96.19 | 5.06 440 | 86.95 | 31.15 | 24.64 | 79.10

Pyx Py 13.17 | 1113 | 84.51 | 36.56 | 3445 | 94.22 | 440 4.25 | 9659 | 23.23 | 20.23 | 87.08

P2x Py 15.83 | 13.31 | 84.08 | 42,15 | 3855 | 91.45 | 4.56 3.96 | 86.84 | 30.42 | 20.30 | 66.73

Pyx Py 1280 | 11.62 | 90.78 | 43.67 | 38.63 | 8846 | 4.63 440 | 95.03 | 25.85 | 25.37 | 98.14

P2 P 1613 | 1222 | 75.76 | 37.74 | 34.84 | 9231 | 465 397 | 8537 | 28.16 | 22.62 | 80.33

P3X Py 1547 | 1132 | 7317 | 33.30 | 30.87 | 9035 | S.11 430 { 84.15 | 26.17 | 1885 | 7203

Psx Ps 11.03 | 11.00 | 99.72 | 54.69 | 42.28 | 77.31 5.14 473 | 9202 | 3038 | 2531 | 8331

P3;X Pg 1433 | 1207 | 84.23 | 39.20 | 30.14 | 76.88 | 4.51 423 | 93.79 | 25.24 | 18.70 | 74.09

Px Ps 1207 | 12.03 | 99.66 | 55.25 | 50.87 | 92.07 | 5.08 463 | 9114 | 3345 | 2322 | 69.42

PyX Pg 13.23 | 12,02 | 90.85 | 43.32 | 34.75 | 80.22 | 4.65 437 | 93.39 | 26.55 | 1844 | 69.45

Psx Pg 1260 | 11.53 | 91,51 | 3895 | 34.30 | 88.06 | 4.78 443 | 9267 | 2337 | 21.83 | 9341

Mean 1382 | 1200 4352 | 38.40 481 | 433 2860 | 2236
LSD(G)

e | 210 | 1z 724 | 463 042 | o040 324 | 224
LSD (D) 071 23 021 0.90

P=0.05
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Table 2. continued

No. of No. of 100-kemmel Grain yield
Entry HTI HTI HTI HTI
ikes, nt kemels/spike weight (g) (%)
F; populations N L N L N L N L
Pyx Py 14.90 | 1263 | B4.76 | 46,63 | 43.32 | 92.90 | 4.35 3.72 | 8552 | 30.14 | 20.14 | 66.82
Pyx Py 16.27 | 14.05 | 86.35 | 45.17 | 40.75 | 90.21 | 4.69 4.05 | 86.35 21.53 | 63.16
34.09
Pyx Py 12.93 | 1243 | 96.13 | 47.49 | 45.18 | 95.13 4.59 3.93 85.62 | 28.16 | 21.73 | 77.16
Pix Py 12.27 | 1138 | 92.75 | 4741 | 4553 | 96.03 | 4.77 3.93 | 8239 | 2750 | 22.34 | 81.33
Pyx Py 15.83 | 14.06 | 88.82 | 38.72 | 35.98 | 92.92 4.54 391 86.12 | 27.79 { 22.50 | 80.96
Pyx Py 13.97 | 12.27 | 87.83 | 42.15 | 3632 | 86.17 | 4.14 3.65 88.16 | 24.27 | 21.40 | 88.17
Py Py 14.23 | 13.05 | 91.71 | 48.51 | 41.93 | 86.43 | 4.35 3.62 | 8322 { 30.00 | 19.81 | 40.1
PyX Ps 11.87 | 10.93 | 92.08 | 48.78 | 46.62 | 9557 | 4.74 4.10 8649 | 27.37 | 2346 | 85.71
P2x Pg 15.17 | 12.15 | 80.09 | 46.71 | 44.55 | 95.37 4.30 3.66 85.12 | 30.28 | 19.65 | 65.00
Pix Py 14.27 | 11.78 | 82.55 | 40.92 | 40.59 | 99.10 4.81 4.05 84.20 | 27.90 | 19.34 | 69.32
PyX Py 13.53 | 1243 | 91.87 | 44.86 | 40.82 | 90.99 | 5.03 439 1 87.28 | 3042 | 22.30
73.30
P3x Pg 16.27 | 14.83 | 91.15 | 46.60 | 39.89 | 85.60 4.56 | -3.77 82.67 | 3459 | 22.24 | 64.30
Pex Pg 1243 | 1148 | 9236 | 5136 | 45.26 | 88.12 | 5.3 4.39 85.57 | 3234 | 23.11 | 7146
PyX P 15.67 | 13.73 | 87.62 | 45.58 | 44.63 | 97.91 4.35 3.64 | 8367 | 31.02 | 22.72 | 7324
PsX Py 1660 | 13.76 | 82.89 | 3333 | 3231 | 96.93 | 5.14 3.63 70.62 | 27.97 | 20.54 | 73.44
Mean 1441 | 1273 44.95 | 41.58 4.63 3.90 29.59 | 21.52
LSD (G) Ps<
173 1.76 7.88 4.25 0.41 0.27 3.06 274
0.05
LSD (D) P<
1.09 1.48 0.15 149
0.05

* H.T.I = Heat Tolerance Index.
LSD (G) = Genotypes.
LSD (D) = Planting date
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2- Number of kernels/spike

The average number of kernels/spike and Heat Tolerance Index (HTI) for six
parents, 15 F; crosses and 15 F, populations are presented in Table (2). The results
revealed that the average of numbet of kernels/spike for the ;;arents ranged from
32.22 for Debeira (Pg) to 65.68 kernels/spike for Sids 7 (Ps) with an average of 46.72
kernels/spike under recommended planting and varied from 30.01 for Debeira (Ps) to
60.57 kernels/spike for Sids 7 (Ps) with an average of 42.11 kernels/spike under late
planting. The average of F; crosses ranged from "~ 6 for (Sakha 93 x Sids 1) to
55.25 for (Sids 1 x Sids 7) with an average of 43.52 kernels/spike under
recommended planting date and varied from 30.14 for (Sakha 93 x Debeira) to 50.87
for (Sids 1x Sids 7) with an average of 38.40 kernels/spike under late of planting date.
The average of F, populations ranged from 33.33 for (Sids 7 X Debeira) to 51.36 for
(Sids1 x Sids7) with an average of 44.95 kernels/spike under normal date and varied
from 32.31 for (Sids 7 x Debeira) to 46.62 for (Giza 168 x Sids 7) with an average of
41.58 kernels/spike under late sowing. Delaying sowing reduced number of
kernels/spike by 11.76 and 7.50 for F; and F, generations, respectively, when
compared with recommended planting date. Similar results were obtained by Selim
'(2000). ;

With respect to Heat Tolerance Index “HTI” (Table 2), it was shown that Giza
164 (Py), Sids 1 (P4), Sids 7 (Ps) and Debeira (Ps) were the best parents which were
relatively stress tolerant, while Giza 168 (P,) and Sakha 93 (P;) were moderately
stress tolerant. The most tolerant Fy hybrids were (P1xP2), (P1x P3), (Pix Ps), (P:x Pe),
(P2x P3), (Pox Pa), (P2x Pg) (PsxPs) and (Pax Ps). These results revealed that Giza 164
(P,) was a common parent in four crosses out of nine tolerant crosses. This indicated
that Giza 164 possesses heat tolerance genes. For F, populations, the most tolerant
populations were (P;x P,), (P P3), (Pix Pa), (PyxPs), (P1x Pg), (P2x P3), (Pax Ps), (Px
Pe), (P3x Pa), (Pax Ps), (Pax Ps) and (Psx Ps). These populations could serve as base

populations for selection to heat tolerance.
3- 100- Kernel weight (gm)

The average of 100-kernel weight and Heat Tolerance Index “HTI” for the six
parents, 15 F; and 15 F, generations are presented in Table (2). The results showed
that the average of 100-kernels weight for the parents ranged from 4.36 for Debiera
(Pe) to 5.02 gm for Sids 7 (Ps) with an average of 4.66 gm under recommended
planting and varied from 3.60 for Giza 168 (P,) to 4.79 gm for Sids7 (Ps) with an
average of 4.19 gm under late planting. The average of 100-kernels weight for F;
hybrids ranged from 4.40 for (Giza 168 x Sakha 93) to 5.19 gm, for (Giza 164 x Sids
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7) with an average of 4.81 gm under recommended sowing date and varied from 3.96
for (Giza 168 x Sids 1) to 4.73 gm for (Sakha 93 x Sids 7) with an average of 4.33 gm
under late sowing. For F, populations it ranged from 4.14 for (Giza 168 x Sakha 93) to
5.14 gm (Sids7 x Debeira) with an average of 4.63 gm under normal sowing and
varied from 3.62 for (Giza 168 x sids 1) to 4.39 gm for (Sakha 93 x Sids 7) and (Sids1
X Sids 7)"with an average of 3.90 gm under late sowing. These results indicated that
delaying sowing date reduced 100-kernel weight by 9.98 and 15.78 % for F; and Fz
generations, respectively, when compared with the recommended planting date.
These results could be due to that grain maturity may be affected by high temperature
during grain filling period, similar findings were obtained by Kheiralla and Sheriff
(1992) and Selim (2000).

With regard to Heat Tolerance Index “HTI” for 100-kernels weight, Sids 1 (Ps)
was the best heat tolerant parent, while Giza 168 (P,) was a susceptible parent. The
most tolerant F, crosses were (P x Py), (Py x P3) (Py x P4), (P1x Ps), (P2 x P3), (P, x Ps),
(P3 X Ps), (P3 X Ps), (P4 x Ps), (Px Pg) and (Ps x Pg), these results showed that four out
of eleven crosses, including Giza 164(P,) and Sids 7 (Ps) as a common parents,
showed heat tolerance, suggesting that the tolerant parents (P1) and (Ps) transmitted
genes controlling heat stress tolerance to their hybrids. For F, populations, the most
heat tolerant segregates were from the crosses (PixPy), (P; x P3), (P; x P4), (Py x P),
(P2 x P3), (P2 x Ps), (P, x P6), (P3x Ps) and (P4 x Ps).

4- Grain yield /plant

The average of grain yield/plant and Heat Tolerance Index “HTI” of grain
yield/plant for the six parents, 15 F; hybrids and 15 F, populations are presented in
Table (2). The results showed that the average of grain yield/plant for the parents
ranged from 18.39 for Sids 7 (Ps) to 31.94 g/plant for Sids1 (P4) with an average of
26.77 g/plant under recommended planting and varied from 14.34 g/plant for Giza
168 (P,) to 23.67 g/plant for Sids1 (P4) with an average of 18.64 g/plant under late
planting. The average of grain yield/plant in F; crosses ranged from 23.23 for (Giza
168 x sakha 93) to 38.55 g/plant for (Giza 164 x sids 7) with an average of 28.60
g/plant under recommended sowing and varied from 18.44 for (Sids1 x Debeira) to
25.37 gm/plant for (Giza 168 x sids 7) with an average of 22.36 g/plant under late
sowing date. The average of grain yield/plant in the F, generation ranged from 24.27
for (Giza 168 x Sakha 93) to 34.59 g/plant for (Sakha 93 x Debeira) with an average
of 29.59 g/plant under recommended planting and varied from 19.34 for (Sakha 93 x
Sids 1) to 23.46 g/plant for (Giza 168 x Sids 7) with an average of 21.52 g/plant under
late planting date. Delaying planting date reduced grain yield plant by 21.82 and 27.27
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% in Fiand F, generations, respectively, when compared with the recommended
planting date. These results were in agreement with those reported by Sandeep et al
(2000).

With respect to Heat Tolerance Index “HTI” (Table 2), it was shown that Giza
164 (P,) and Sids 7 (Ps) were the best parents, which are relatively heat tolerant,
while, Sakha 93 (Ps), Sids 1 (P4) and Debeira were of moderate tolerance. Giza 168
(P2) was the susceptible parent. The most tolerant F; hybrids were (P x P2), (P1 x P3),
(P x Pg) (P2 x P3), (P2 X Ps), (P3 x Ps) and (Ps x Ps). It is of the interest to note that
Giza 164 (P,) as a common parent in three crosses out of the seven tolerant crosses
had as. This indicates that Giza 164 posses heat tolerance genes and it could be
considered a tolerant parent in breeding programs for heat stress. The most tolerant
F, populations were those of the crosses (Py X Ps), (P1 X Pg), (P2 X P3) and (P2 X Ps).

Genetic analysis

The diallel analyses of variance for number of spikes/plant, number of
kernels/plant, 100-kernel weight and grain yield/plant are presented in Table (3). The
analysis of variance revealed that the additive “a” and non-additive “b” components
were highly significant in both the F; and F, generations under both environments for
all traits except for 100-kernel weight in both F; and F, generations under late planting
date. The magnitude of additive genetic effects was very high when compared with
non-additive genetic effects for all traits except for grain yield in the F, populations
under late planting date, suggesting that the additive genetic variability was more
important in the inheritance of these traits. The (b) component was further partitioned
to its separate components, by, b, and bs. The b, item was significant for all traits,
except for number of spikes/plant in the F; hybrids under normal sowing, number of
kernels/spike in the F, populations under both sowing dates, 100-kernel weight in the
F, hybrids under both sowing dates and in the F, populations under normal sowing
date, indicating the presence of heterosis or epistatic effects. The “b," item was
significant for all traits except for number of kernels/spike in the F; hybrids under
normal sowing date and100-kernel weight in the F; hybrids under both sowing dates
and in the F, populations under late sowing date, suggesting asymmetrical distribution
of the dominant and recessive genes between the parents. The “b;” item was
significant for all traits except for 100-kernel weight in the F; hybrids under normal
sowing date and in the F, populations under the two sowing dates, indicating a further
dominance effects due to specific crosses not attributable to by and b,. These results
are in line with those found by Jatasra and Paroda (1980), Ismail ef &/ (2001),
Hamada and Tawfelis(2001) and Tammam (2005).
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Graphical analysis

The analysis of variance of (Wr+Vr) and (Wr-Vr) values for F; and F,
generations are presented in Table (4). The magnitude of (Wr+Vr) values were
significant for all traits except for 100-kernel weight in the F; hybrids under both
sowing dates and in the F, poBulations under normal sowing date, grain yield/plant in
the F, populations under late sowing date, confirmed the presence of non-additive
gene effects. The magnitude of (Wr-Vr) values were insignificant for number of
spikes/plant in the F, hybrids under both sowing dates and in the F, populations under
normal sowing date, number of kernels/spike in the F, hybrids under both sowing
dates and 100-kernel weight in the F; hybrids under both sowing dates and in the F,
populations under normal sowing date. It was also insignificant for grain yield/plant in
the F, populations under the two sowing dates, indicating the absence of deviation
from the simple model and the part of non-allelic gene interaction or epistasis. The
significance of (Wr-Vr) values for the other cases demonstrate the presence of non-
additives genetic effects and it was mainly due to epistatic effects.

The Wr/Vr graphs for the studied traits of both F, 2 F, generations are shown in
Figures (1 - 8). The regression coefficients were significant from zero and not different
from unity for all studied traits except for grain yield in F, hybrids and in F populations
under late planting, indicating that additive-dominance model was satisfactory to
explain the genetic system for these traits.

Genetic components

The estimates of genetic component controlling the variation of the studied
traits with their respective standard errors are given in Table (5). The magnitude of
additive gene effects "D" were significant for all studies traits in both Fiand F,
generations under the two planting dates except for 100-kernel weight in the F,
hybrids under both sowing dates. The dominance (H; and H,) components were
significant for all studies traits in both Fiand F, generations under the two planting
dates except 100-kernel weight in the F; hybrids under both sowing dates. The
additive gene effects "D" were higher in magnitude than dominance effects for all
studies traits except grain yield in the F, hybrids under the two sowing dates,
indicating that additive gene effects played a major role in the inheritance of these
traits. The average degree of dominance (Hy/D) ' was less than unity for all studied
traits except grain yield under the two planting dates, suggesting the presence of
partial dominance, while it was more than unity for all studied traits in the F,
populations except number of spikes/plant, indicating the presence of over
dominance. The F value was positive and significant for all traits except for 100-kernel
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weight in both Fiand F, generations under normal planting date, indicating that the
dominance is directed towards increasing yield and its attributes, while the negative F
value indicated a stronger influence of genes for a lower number of kernels/spike. The
estimates of Hy/4H; were less than 0.25 for all studied traits in both F; and F,
generations under recommended and late planting dates except 100-kernel weight in
the F, hybrids, indicating that unequal distribution of dominant to recessive genes
between this group of parents. The ratio of [(4DH;)"? + F/ (4DH,)2 - F] was more
than one in both generations under the two planting dates except for 100-kernel
weight in both F;and F, generations under normal planting date, confirming that the
dominant genes were in excess. Similar findings were obtained by Hassan ef al
(1993) and Tammam (2005). Broad-sense heritability values varied from intermediate
to high in all traits. Narrow-sense heritability values were intermediate to low in all
characters. These results indicated that these characters could be affected by
dominance effects and environmental factors. These results are in line with those
obtained by El-Sayed (2004).

These results indicate that using selection in early segregation generations
could be effective to produce lines have high grain yield under heat stress.
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the recommended (A) and late (B)
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Tables 5. Components of genetic variation influencing number of spikes /plant,
number of kernels/spike, 100-kernel weight and grain yield in both F; and F,
generations under both normal (N) and late (L) planting dates.

No. of spikes/plant No. of kernels/spike 100-kernel weight Grain yield
Ci
N L N L N L N L
F, hybrids
5 1666 = | 843 + | 10146 = | 9926 = | 0030 = | 0132 | 1732 = | 1337
1.44 0.44 10.7 440 0.031 2.12 685 +1.64
- 1452 + | 942 + | 2282 £ | 3496 £ | 0047 = | 0042 = | 2486 = | 1818 =
351 107 26.15 1075 0,075 0,052 16.73 399
. 879 + | 746 * | 4258 = | 4641 = | 0014 & | 0007 = | 7119 = | 3732 =
" 365 L1 7.7 117 0.078 0.054 17.39 4ls
. S31 = | 459 = | 4594 = | 4281 = | 0017 = | 0025 = | 4895 = | 2624 =
g 326 099 127 9.98 0.068 0,048 15.54 an
5 200 + | 351 = | 2405 = | 3359 = | 0032 | 0029 = | 5760 £ | 3783 =
2 219 0.672 1632 61 0047 | 0032 259 249
- 1559 = | 0540 = | 1685 = | 825 & | 0032 = | 0047 + | 3962 | 0953 =
544 0.166 405 1.6 0.047 0.008 2.59 0618
(H/DY* 0.726 0941 0.648 0.684 0601 |- 0227 2007 167
H/AH, w 0151 0.156 0.269 0230 0291 0912 0.172 0.175
i
g‘;‘:"l))y,"g 399 392 142 169 0982 1573 2,09 237
b/ Hy 0038 076 0531 0785 1918 1148 0.118 1.44
Ha 7264% | 1946% | 7446% | s439% | are1% | a69% | s307% | 9r.04%
Hu 4934% | 3575% | 57.05% | 6416% | 37.41% | 3996% | 3122% | 2044%
F; populations
5 1708 + | 798 = | 9857 = | 10123+ | 0290 % | 0.055 = | 17.02 = | 1192 =
765 0.538 12.10 768 0.047 0016 430 217
: 2373 % | 1200 & | 2094+ | 2081 & | 0.126 £ | 0030 = | 3863 = | 3074 =
1.87 131 | 296 18.78 o114 0037 10.52 530
i 3618 £ | 3023 % | 526072 | 43176% | 0697 & | 0622 = | 1767 = | 8956 =
h 1.94 1.36 307 19.5 0.119 0,039 10.93 551
i 17014 = | 1619 = | 2361 = | 25567+ | 0057 = | 0442 = | 117.29% | 4856 =
2 173 122 2744 174 0.106 0.035 976 492
Iy 103 = 2593 + | 2281 + | -80.68 & | -7865 | 0.196 = | 3302 + 60.03 =
2 467 328 738 469 0236 0.094 2627 1325
= 1143 % | 0991 = | 1974 + | 620 = | 0059 + | 0025 = | 4169 £ | 239 =
289 0.203 457 291 0.018 0.006 1627 0.820
(H/DY* 078 0973 116 1.032 2451 1.002 1.606 137
HfH, w 0118 0.134 0112 018 | 0004 | 048 0.166 0.135
4
o 2827 227 270 298 0387 1.103 2082 277
b/ Hy 0.06 1.60 -096 0315 | 077 0443 028 1236
i s4.17% | 7902% | 7083% | 8533% | 6872% | s253% | 7663% | 72.88%
Ho 6924% | s57.59% | 4902% | 48.07% | 6682% | e351% | 3ss2% | 38.50%

H s = Broad sense heritability H ns = Narrow sense heritability
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