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ABSTRACT

Seven parents of bread wheat namely; Line-3 (P,), Sakha 93 (P;), Line-37 (Py),
Giza 168 (P, Sids 1 (Ps), Line-47 (Pg) and Gemmeiza 9 (P;) were crossed in 2002/2003
in a half-diallel pattern. In 2003/2004 season, the 7 parents and their 21 F; crosses were
evaluated under two sowing dates, i.e., 8" of November (early sowing date) and 8* of
December (late sowing date) and two nitrogen fertilization levels, i.e., 40 (low level) and
80 (high level) kg N/fed.

The results revealed that wheat genotypes greatly differed in their responses
under different environments for the studied traits. Delaying sowing date and decreasing
N-level caused great reduction for grain yield/plant and two quality traits, while days to
heading was increased for most genotypes by delaying sowing date, but were not afjccted
by decreasing N-level. Line-3 was the earliest in heading date among all genotypes while
the cv. Gemmeiza 9 was the latest. The crosses; Py x Ps, Py x Py, Ps x Py, Ps x P; and Ps x
P; had the highest mean values for grain yield/plant, however, the cross P; x P; and cv.
Giza 168 gave the highest mean grain protein content and fermentation test, respectively
under all environments.

The dominance gene effects played the major role in the inheritance of grain
yield/plant and two quality traits. Moreover, variance magnitude of gene actions and
other genetic parameters were fluctuated under the two sowing dates and N-fertilization
levels. The two cvs. Giza 168, Sids I and the Line-47 proved to be good combiners for
grain yield/plant, while the two parental lines -3 and -37 and the cv. Sakha 93 proved to
be good combiners for days to heading and two quality traits. The crosses exhibited
desirable significant SCA effects included good x good or good x poor general combiners
Sor grain yield/plant, days to heading and two quality traits. They can be used in
inmiproving gruin yield / plant and other studied traits. Heritability estimates ranged from
44.75 % for grain yield/plant under low N-level in early sowing date to 92.54% for days
to heading under low N-level at late sowing date, revealing that these traits could be
improved through adequate selection.

Key words: Wheat, Triticum aestivum, Sowing date, N-fertilization, Performance,
General and specific combining ability, Types of gene action, Heritability.

INTRODUCTION
Wheat is one of the most important cereal crops in terms of area and
production. Egypt's total wheat production of grains in 2003/2004 season
reached about 7.1 million tons (Statistical year's book, 2004) resulted from
about 3 million faddan, while the consumption of wheat grains is about 12
million tons. Therefore, increasing production per unit area together with the



horizontal increase in cultivated area, especially in new reclaimed land,
appears to be a possible solution for reducing the gap between wheat
production and consumption. Also improving the cultural practices and
treatments of the available varieties or lines to step up their yield to its
maximum. Planting promising varieties in a proper date with applying the
optimum nitrogen level are among the most important factors affecting the
productivity of wheat. EL-Marakby et al (2002) and Tammam and Tawfils
(2004) reported that maximum grain yield was obtained when wheat plants
were sown in the optimum sowing date (first half of November) while,
reduction in grain yield have been observed owing to delaying sowing date
to December. On the other hand, EL-Marakby et al (2002), EL-Nagar
(2003), Tammam and Tawfils (2004) and Allam (2005) found that the
wheat grain yield was increased with ihe increasing of N-level application.

For starting a breeding program to improve any crop, the breeder
need to know the type of gene action and genetic system controlling the
inheritance of the characters of interest and the best breeding strategy to be
used to improve them. Therefore, many genetic models were introduced to
estimate the different genetic parameters as approaches of Hayman (1954 a
and b) and Griffing (1956).

Combining ability analysis of Griffing (1956) is most widely used as
a biometrical tool for identifying parental lines in terms of their ability to
combine in hybrid combinations. With this method, the resulting total
genetic variation is partitioned into the variance effects of general
combining ability as a measure of additive gene action and specific
combining ability as a measure of non-additive gene action. Ahmed (1999),
Salem er al (2000). Hamada (2003), Abd EL-Majeed et al (2004), EL-
Borhamy (2005) and Koumber and Esmail (2005) found that both general
and specific combining ability variances were significant for some traits in
wheat. On the other hand, Yadav and Singh (1988) indicated the
preponderance of additive gene action in the inheritance of days to heading
and grain yield/plant. This work aimed to evaluate mean performance of
seven bread wheat parents and their F; hybrids and estimating genetic
parameters under four target environments as a combination between two
sowing dates x two N-levels.

MATERIALS AND METHODS

Four local wheat cultivars namely; Sakha 93 (P), Giza 168 (P.),
Sids 1 (Ps), and Gemmeiza 9 (P;) and three advanced lines, i.e., Line-3 (P,),
Line-37 (Ps) and Line-47 (Ps) of bread wheat (Triticum aestivum, 1..) were
chosen to establish the field experimental work of this investigation. The
lines were developed and evaluated in Fg and F; in the Agronomy Dep., Fac.
of Agric., Ain Shams Univ. by EL-Marakby ez al (2002), while the four
cultivars were obtained from Wheat Dep., Agric. Res. Cent., Giza, Egypt. A
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half diallel set of crosses was achieved among the seven parents in
2002/2003 growing season at the Experimental Farm of the Faculty of
Agriculture, Ain Shams University, at Shoubra El-Kheima, Kalubia
Governorate and 21 Fseeds were obtained.

The seeds of the 21 hybrids and their respective parents were sown in
2003/2004 season at the Experimental Farm of the Faculty of Agriculture,
Ain Shams University, at Shalakan, Kalubia Governorate on two sowing
dates, i.e., 8" of November (early sowing date) and 8" of December (late
sowing date) under two nitrogen fertilization levels, i.e., 40 (low level) and
80 (high level) kg N/fed. An experiment was devoted for each sowing date
and laid out in a split plot design with three replicates. The two N-levels and
28 wheat genotypes were distributed at random within the main and sub-
plots, respectively. The experimental plot consisted of 3 rows. Each of row
was 2.5 m in length and 20 cm apart. Seeds were spaced at 15 cm within
rows and one plant was left per hill. Nitrogen was added in the form of
ammonium nitrate (33.5% N). The amount of each rate was splited into two
parts; the first part (2/3) was immediately applied before the first irrigation,
while the second part (1/3) was applied before the second irrigation.The
other cultural practices were followed as recommended for wheat
production in the region.

The physical and chemical properties of soil of the experimental site
showed that the soil is clay in texture with pH (7.98 and 7.98), EC (2.39 and
2.88 dsm™) and total N (0.50 and 0.15 %) at the two depths of 0-15 and 15-
30 cm of soil surface, respectively.

Days to heading was measured as number of days from sowing till
complete emergence of the main stem spike from the sheath of flag leaf of
50% of plants per plot.

At harvest (10™ and 19" of May for early and late sowing date,
respectively), ten guarded plants were randomly taken from each plot for
recording data of grain yield per plant, grain protein content and
fermentation test. The crude protein content was calculated by multiplying
the total nitrogen content by 5.75 which was determined by using micro
Kjeldahal apparatus as described in the A.O.A.C. (1995). However,
fermentation test was estimated according to the method outlined by
A.A.CLC. (1970).

Statistical analysis for split plot design was made for each N-level
under each sowing date as well as combined analysis over treatments on
entry mean basis according to Gomez and Gomez (1984). L.S.D. was
computed to compare differences among means at 5% level. All factors used
in this study were assumed as fixed factors. The variation among parents
and F; crosses was partitioned into general and specific combining ability as
illustrated by Griffing (1956), method (2), model I. The relative importance
of GCA to SCA was expressed as explained by Singh and Chaudhary
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(1995). Also type of gene action, genetic ratios and heritability were
calculated as developed by Hayman's approach (1954 a and b).

RESULTS AND DISCUSSION

Results the analysis of variance presented in Tables (1, 2, 3 and 4)
show that the 28 wheat genotypes (7 parents and 21 F, crosses) significantly
varied in their performance under the various environments and the
combined overall environments for the studied traits.

Performance of wheat genotypes under different environments
Days to heading

Number of days from sowing to heading recorded for wheat
genotypes as affected by two sowing dates and two N-fertilization levels
and their combined analysis are presented in Table (1). Results show that
delaying sowing date significantly prolonged time to heading of most wheat
genotypes and the early genotypes appeared to be later in heading at late
sowing date than the late genotypes. Lateness in heading dates in late
sowing might be due to low temperature degrees in Dec. (21.38°C)
comparing with 26.08°C in Nov. causing slow in early vegetative growth
which resulted in delaying heading dates of most genotypes in late sowing.
In this concern, Sivori (1975) and EL-Marakby ez al (2002) observed delay
in flowering of wheat by delaying sowing date, while Abd EL-Shafi et al
(1999) found that days to heading was slightly affected by planting date
from 15 Nov. to 15 Dec.

As shown in Table (1) nitrogen fertilization levels had insignificant
effects effects on number of days from sowing to heading at both sowing
dates and combined data between them indicating the little effects of this
factor on the earliness. Similar results were obtained by EL-Marakby et al
(2002) who did not find significant effects for increasing N- level from 50 to
100 kg N/fed on heading date in wheat. On the contrary, Ibrahim et al
(2004) and Tammam and Tawfelis (2004) found that days to heading was
delayed by increasing nitrogen rates and delaying was increased as N-rates
increased.

Genotypes showed days to heading mean values of 89.29 and 92.04
days over the two N-levels at early and late sowing dates, respectively with
an average of 90.66 days over all environments. Generally, crosses were
earlier in heading than parents which averaged 90.04 days compared to
92.51 days for parents overall environments. Although, the parents were
later in heading than crosses by 2.47 days overall environments, the Line-3
was the earliest in days to heading among all genotypes under all treatments
which gave mean values of 67.00, 79.67 and 73.33 days cver the two N-
levels at early and late sowing date and overall environments, respectively.
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Table 1. Performance of days to heading of 28 wheat genotypes (G) as
(D) and two N-fertilization

affected by two sowing dates

levels (N).
*D1 D2 Combined

Genotypes  **N1 N2  Mean NI NZ Meam NI N2 ornenl
Pi(Line 3) 67.00 67.00 67.00 78.67 80.67 79.67 72.84 73.84 73.33
P,(Sakha93) 8933 8867 89.00 88.00 92.67 9033 88.67 90.67 89.67
P;(Line 37) 91.67 89.67 90.67 8933 92.67 91.00 9050 91.17 90.83
Py(Giza168) 97.00 9533 9617 9500 9733 96.17 96.00 9633 96.17
P(Sids 1) 99.33 100,00 99.67 97.33 99.67 9850 9833 99.84 99.08
P¢(Line 47) 94.67 94.00 9433 92,67 9467 93.67 93.67 9434 9400
P(Gemmeiza 9) 107.67 108.67 108.17 100.67 101.00 100.83 104.17 104.84 1 04.50
Parents mean 9238 91.91 92.14 91.67 94.10 92.88 9203 93.01 92.51
PyxP, 7400 73.67 73.33 83.67 8433 84.00 7884 79.00 7392
PixP; 74.67 74.00 74.33 84.00 85.33 84.67 79.34 79.67 79.50
P,xP, 78.00 74.67 7633  84.67 86.00 8533 8134 8034 80.83
P, x Ps 7933 7933 7933 = 86.00 87.00 86.50 82.67 83.17 8292
P, xPg 8033 77.67 79.00  85.00 86.33  85.67 82.67 82.00 8233
P, xP, 82.00 8033 81.17  88.00 88.00 88.00 85.00 84.17 84.58
P,xP, 83.00 83.33 83.17 83.00 87.67 87.83 85.50 85.50 85.50
P,x P, 91.33 87.33 89.33 93.67 93.67 93.67 92.50 90.50 91.50
P, xPs 89.00 8733 8817 9133 9233 91.83 90.17 8983 90.00
Pyx Pg 92.00  90.00 91.00 89.67 91.53 90.50 90.84 90.67 90.75
P,x P, 93.33 91.67 92.50 92.33 95.00 93.67 92.83 93.34 93.08
P;x Py 88.00 87.00 87.50 90.67 92.67 91.67 89.34 89.84 89.58
P;xPs 88.33 87.67 88.00 91.00 92.67 91.83 89.67 90.17 89.92
P;xPg 9233 91.00 91.67 92.00 96.00 94.00 92.17 93.50 92.83
P;x P, 9533 94.00 94.67 95.00 97.67 96.33 95.17 95.84 95.50
PyxPs 9633 9500 9567 9333 97.00  95.17 94.83 96.00 9542
P,;xPg 91.00 91.33 L5 B L 92.67 94.67 93.67 91.84 93.00 92.42
P,xP,; 101.67 102.00 101.83 96.00 97.67 96.83 98.84 99.84 99.33
Psx Py 103.00 100.67 101.83 98.00 100.67 9933 10050 100.67 100.58
Psx P 102.33  99.00 100.67 98.33 100.67 99.50 100.33 99.84 100.08
P;x P, 94.00 93.67 93.83 95.67 98.00 96.83 94.84 95.84 95.33
Crosses mean 89.01 87.65  88.33 90.91 922,60 91.75 8996 90.13  90.04
General mean 89.86 88.71 89.29 91.10 92.98 92.04 9048 90.85 90.66
L.S.D 5%
D 0.15
N ns ns ns
DN ns
G 3.04 2.63 1.99 1.64 1.82 1.21 - - 1.16
DG 1.64
NG ns 1.17 ns
DNG ns

*D1 and D2 = 8 Nov. and 8 Dec., respectively.

** Nland N2 = 40 and 80 kg N/ fed., respectively.
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However, the cultivar Gemmeiza 9 was the latest in days to heading which
gave mean values of 108.17 and 100.83 days over the two N-levels at early
and late sowing dates, respectively with an average of 104.50 days overall
environments. Also, the two crosses; Ps x Ps and P; x P; were later in days
to heading under high N-level at late sowing date which gave equal mean
values of 100.67 days for this trait.

Grain yield/plant

Results in Table (2) show that genotypes significantly differed in
their responses under each environment and combined analysis for this trait.
However, grain yield/plant was significantly reduced by delaying sowing
date and by decreasing N-level fertilizer and reduction caused by delaying
sowing date was much greater (30.03%) than that caused by N fertilization
(19.55%) illustrating the importance of climatic factors associated with
sowing dates as temperature, rainfall, humidity...etc. on grain yield/plant
than those associated with soil fertility. The increase obtained in grain
yield/plant at early sowing date might be due to the suitable environmental
factors in the most periods of growth compared with late sowing date and
consequently plants became more efficient in utilizing growth factors, ie.,
nutrients, water and light which resulted in better growth with high yielding
potential. EL-Marakby er al (2002) and Tammam and Tawfelis (2004) also
obtained variant reduction in grain yield/plant when sowing date was
delayed to the first-half of Dec. in wheat. However, Said et al (1999), EL-
Nagar (2003) and Allam (2005) reported that grain yield was significantly
increased with increasing N fertilization rates. Further, Sabry et al (1999)
suggested that the increase in grain yield with increasing N-level might be
due to the fact that nitrogen is an essential element which plays prominent
role in building new meristemic cells, cell elongation and increasing
photosynthesis activity which in turn enhances grain yield.

Mean of grain yield/plant for all genotypes were 17.83 g under low
N-level and 22.33g under high N-level with an average of 20.08 g/plant at
early sowing date compared with 12.60, 15.50 and 14.05 g/plant with the
same respective environments at late sowing date. The cross Ps x Ps which
included the two high vielding cultivars; Giza 168 and Sids 1 had the
highest means in grain yield/ plant under different environments and their
combined analysis and exhibited the least reduction percentages under stress
conditions (data of reduction percentages are not shown) showing its low
sensitivity to less favorable conditions than other genotypes. This cross
averaged 24.33, 19.48 and 21.90 g/plant over the two N-levels at early and
late sowing date and overall treatments, respectively and significantly
exceeded by 3.93 and 1.99 g than their respective parents; Giza 168 and
Sids 1 across all environments, respectively. Meantime, the two crosses; Ps
x Ps and Ps x P7 gave higher mean values than the cross P; x Ps under high
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Table 2. Performance of grain yield, g./plant of 28 wheat genotypes (G)
as affected by two sowing dates (D) and two N-fertilization

levels (N).
DI D2 Combincd

Genotypes NI N2 Mean N N2 Menm NNz Gonen
P(Line 3) 14.63 1697 1580 874 1161 1018 11.69 1429 12.99
PySakha93) 1717 1913 18.45 850 1241 1046 12.84 1577 14.31
PyLine37) 1955 2379 2167 1314 17.07 1510 1635 2043 18.39
PAGiza168)  18.43 21.62 2002 1436 17.46 1591 1640 1954 17.97
P(Sids 1) 1914 2578 2246 1612 18.60 17.36 17.63 2219 19.91
PiLined7)  19.96 2574 2285 14.92 1861 16.76 17.44 2218 19.81
PA(Gemmeiza9) 17.74 2208 1991 1310 1560 14.35 1542 18.84 17.13
Parentsmean  18.09 2216 2012 1270 1591 1430 1540 19.04 47.22
P, xP; 1528 2025 17.76 7.63 982 872 1146 1504 1324
P, xP, 17.28 2044 18.86 943 1208 1075 13.36 1626 14.81
P, xP, 16.23 2199 1941 1132 14.40 12.86 1378 18.20 15.98
P, x P 17.28 2174 1951 1354 1549 1452 1541 1862 17.01
P, x P, 17.70 2018 18.94 11.00 13.86 1243 1435 17.02 15.68
P, x P, 11.68 17.60 1464 913 11.00 1007 1041 1430 12.35
P xP; 1656 21.34 1895 875 1236 1055 1266 16.85 14.75
P xP, 1848 2167 2007 1218 1528 1373 1533 1848 16.90
Py x P 13.84 1956 1670 9.28 1251 10.89 1156 16.04 13.80
Pyx P 18.44 2157 2001 1347 1579 14.63 1596 18.68 17.32
P, x P, 17.66 2150 19.58 1155 1471 1313 1461 1841 16.36
P, x P, 1745 2217 1966 1178 1531 1355 14.47 1874 16.60
PyxPs 18.83 2236 2059 1457 18.25 1641 1670 20.31 18.50
Py x P, 18.93 2224 2058 14.49 17.66 16.07 1671 19.95 18.33
Py x Py 1377 19.40 1658 11.06 14.60 12.83 1242 17.00 14.71
P, x Ps 2273 2593 2433 1836 20.60 19.48 20.55 23.27 21.90
P, x P, 18.90 2364 21.27 1429 17.49 1589 16.60 20.57 18.58
P.x P, 2010 2554 2282 1333 17.30 1531 1672 2142 19.07
Pex P 19.95 27.73 2384 1559 17.10 16.34 17.77 2242 20.09
Psx P, 19.73 2815 23.94 16.64 18.48 17.56 18.19 2332 20.75
Pex P, 22.04 2523 2364 1659 18.66 17.63 19.32 21.95 20.63
Crosses mean __17.74_ 2239 20.07 1257 1537 13.97 1516 18.88 17.02
Generalmean  17.83 22.33 2008 12.60 15.50 14.05 1522 1892 17.07
LS.D 5%
D 0.80
N 117 139 0.59
DN 0.83
G 222 231, . A58 -sB88 . 199 ASTY 55 =71 20
DG 1.44
NG 224 - ns
DNG 2.04

*D1 and D2 = 8 Nov. and 8 Dec., respectively.

** Nland N2.= 40 and 80 kg N/ fed., respectively.
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N-level at early sowing date but the differences were not significant
between them. Also, the cross Pg x P; and the two crosses; Ps x P; and Pg x
P7; were superior in grain yield under low N-level at early and late sowing
dates, respectively.
Quality traits

The results in Tables (3 and 4) illustrate that the two quality traits, i.e.,
grain protein content and fermentation test are greatly reduced by delaying
sowing date and decreasing N-level application. Delaying in sowing date
caused greater reduction for the two traits and the fermentation test was
adversely affected than grain protein content, where reduction amounted
15.27% and 13.93% for grain protein content and 18.67% and 17.54% for
fermentation test relative to early sowing date and high N-level,
respectively. In this respect Parihar and Tripathi (1989) and Said et a/
(1999) reported that early sowing date showed tendency to increasing grain
protein content in wheat. Also EL-Marakby et al (2002), EL-Nagar (2003)
and Allam (2005) found that increasing N-levels significantly increased
grain protein content and fermentation test.

The means of grain protein content of genotypes were 9.80% under
low N-level and 11.16% under high N-level with an average of 10.48% at
early sowing date compared with 8.11, 9.65 and 8.88% with the same
respective order at late sowing date (Table 3). The cross P; x P; had the
highest grain protein content values under all treatments and combined data
as well as the cross P; x P3 under all environments except under low N-level
and combined data at late sowing date; the parental Line-37 and the cross P,
x Ps under the two N-levels and their combined data at late sowing date; the
two crosses; Py x P, and P, x P; under low N-level at late sowing date and
the cross P4 x P7 under high N-level at late sowing date. These genotypes
recorded mean values ranging from 9.48% for the cross P; x Ps under low
N-level at late sowing date to 13.28% for the cross P; x P; under high N-
level at early sowing date.

As shown in Table (4), fermentation test means of genotypes were
82.52 minutes under low N-level and 95.39 minutes under high N-level with
an average of 88.98 minutes at early sowing date compared with 63.27,
81.46 and 72.37 minutes with the same respective order at late sowing date.
The cv. Giza 168 exhibited the highest mean values under different
treatments and combined data as well as the cross P, x P4 under low N-level
at early sowing date and the parental Line-37 under high N-level at early
sowing date. These genotypes recorded mean values ranging from 96.00
minutes for the cv. Giza 168 under low N-level at late sowing to 114.53
minutes for the same cultivar under kigh N-level at early sowing date.
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Table 3. Performance of grain protein content (%) of 28 wheat
genotypes (G) as affected by two sowing dates (D) and two N-

fertilization levels (N).

“D1 D2 Combined
Genotypes **NI N2 Mean NI N2 Mean NI N2 G:':.:"
Py(Line 3) 944 1099 1022 9.6 10.17 9.66 930 1058 9.94
P;(Sakha93) 1095 1255 1168 749 950 849 922 1103 10.12
P5(Line 37) 1079 1266 1172 961 1072 1016 1020 1169 10.94
P4Giza 168) 971 1152 1061 905 1005 955 938 1079 10.08
Ps(Sids 1) 827 905 866 706 867 78 767 886 826
Pe(Line 47) 829 903 866 762 867 814 196 885 8.40
P{(Gemmeiza9) 882 987 935 849 961 905 866 974 920
Parentsmean 947 1081 1013 835 963 899 891 1022 956
P, xP, 1069 1183 1126 961 1017 989 1015 1100 1057
P, xP, 1204 1308 1256 927 1073 1000 1066 1191 1128
P, xP, 1064 1127 1095 849 1028 938 957 1078 1017
P, xPs 979 1162 1070 948 1095 1021 9.64 1129 10.46
Py x P 1059 1136 1097 849 1017 933 954 1077 10.15
P, xP, 1224 1328 1276 995 1117 1056 1110 1223 1166
P, xPs 1069 1219 1144 950 1039 994 10.10 1129  10.69
PixP, 872 1017 944 771 905 838 822 961 891
P, x Ps 841 1059 9850 W BIS A i 754 =L 936 A5
Pax P, 852 1048 950 838 939 888 845 994  9.19
P, x P, 789 982 885 704 915 809 747 949 847
P,xP, 913 1069 991 771 900 835 842 935 9.3
Pyx Pe 1054 1204 1129 648 905 776 851 1055 953
Pyx P 1058 1131 1094 794 1017 905 926 1074  10.00
PyxP; LIl 1256 1183 7.5 1005 860 913 1131 1022
P xPs 913 1074 994 682 905 793 798 990 893
P.xP, 903 ILI1 1007 849 950 899 876 1031 9.53
P.xP; 1069 1152 1110 799 1117 958 934 1135 1034
P.x P, 988 1078 081 . POl s-a% 3 143 AW 985 . BE7
P<xP, 898 1048 973 693 . 794 . 743 7% 921 35%
Pex P, 924 1048 986 693 972 832 809 1010 9.09
Crosses mean 991 11.28 10.60 8.03 9.66 8.84 8.97 10.47 9.72
Generalmean  9.80 11.16 1048 8.11 965 888 896 1041  9.68
LS.D5%
D 0.24
N 0.01 0.25 0.08
DN 0.11
c 067 055 043 059 057 041 S = 0.30
DG 0.42
NG 0.61 0.58 0.42
DNG 0.59

*D1 and D2 = 8 Nov. and 8 Dec., respectively.

** Nland N2 = 40 and 80 kg N/ fed., respectively.

83



Table 4. Performance of fermentation test (minutes) of 28 wheat
genotypes (G) as affected by two sowing dates (D) and two N-
fertilization levels (N).

*D1 D2 Combined
i General
Genotypes N1 N2 Mean N1 N2 Mean N1 N2 e
P,(Line 3) 7600 9900 8750 5700 8750 7225 6650 9325 7988

P;(Sakha93) 7400 9200 8300 4600 7050 5825 60.00 8125 7063
P3(Line 37) 9950 11450 107.00 8350 98.00 90.75 9150 10625 9338
P,(Giza 168) 107.00 11453 110.77 96.00 10950 102.75 101.50 112.02 106.76
Py(Sids 1) 66.50 10400 8525 51.00 7850 6475 58.75 9125 75.00
Pg(Line 47) 6950 8650 7800 5850 7600 6725 6400 8125 72.63
P{Gemmeiza9) 7750 11050 9400 6900 9250 80.75 7325 10150 8738
Parentsmean 7036 8722 7879 5600 7429 6514 63.18 3075 7197

P,xP, 7350 7450 7400 4650 5450 5050 6000 6450 6225
- By xPy £ 9900 101.00 100.00 7500 9250 8375 87.00 9675 9138
P xPy 10550 110.00 107.75 79.00 - 89.00 8400 9225 9950 9538
Py xPs - 71.00 7350 7225 60.00 7150 6575 6550 7250 69.00
P, x P 93.00 9550 9425 7250 8600 7925 8275 9075 86.75
P,xP; 8600 9700 9150 7550 8550 8050 80.75 9125 386.00
P.x Py 101.50 10550 10350 5400 9950 7675 77.75 10250 90.13
P, x P, 8600 9950 9275 84.00 88.00 8600 8500 9375 8938
Py x P 6450 7550 7000 4450 6400 5425 5450 69.75 6213
Pyx Pg 5700 6550 6125 4350 6400 5375 5025 6475 57.50
.P2x Py 71.00 8450 7775 6200 7350 67.75 66,50 79.00 72.75
P;x P, 8250 10100 91.75 5850 9250 7550 7050 96.75 83.63
Pyx Ps 8550 8950 8750 69.00 73.00 7100 7725 8125 7925
Pyx P 8450 9150 8800 4250 6900 5575 6350 8025 71.88
Psx P, 9400 10850 10125 6650 9250 7950 8025 10050 9038
P, x P: 84.00 10050 9225 7250 89.00 8075 7825 9475 8650
P, x Pg 92.00 9950 9575 6550 7650 71.00 78.75 88.00 83.38
Pyx P, 83.50 101.00 9475 7350 9350 8350 81.00 9725 89.13
Psx Pg 74.00 8600 80.00 4250 6400 5325 5825 7500 66.63
P<x P, 7450 9100 8275 5950 6200 60.75 67.00 7650 7175
Pex Py 7450 9950 8700 6400 8850 7625 6925 9400 381.63

Crosses mean 8295 9286 8790 6240 7945 7093 7268 86.15 7942
Generalmean 8257 9539 8898 6327 8146 7237 7292 8843 8067
L.S.D 5%

D 0.66
N 0.09 0.94 0.31
DN 0.43
G 1.87 237 1.49 2.63 2.24 1L.71 - - 113
DG 159
NG 2.11 242 1.59
DNG 2.26

*D1 and D2 = 8 Nov. and 8 Dec., respectively.
** Nland N2 = 40 and 80 kg N/ fed., respectively.




Estimates of general (GCA) and specific (SCA) combining abilities

Analysis of GCA and SCA combining ability variances for different traits

Partitioning of the genetic variance to GCA and SCA variances for
each trait is given in Table (5). General and specific combining ability mean
squares were found to be highly significant for all traits studied at each
environment and combined analysis indicating the importance of both
addltwe and non-additive gene effects in the expression of the traits.

The ratios of GCA/SCA variances were greater than unity under all
environments and combined data for days to heading indicating that the
inheritance of this trait was mainly controlled by additive gene effects while,
ratios were less than unity under all environments and combined data for
grain protein content and fermentation test, illustrating that these two traits
were mainly controlled by the non-additive gene effects. Moreover, the
ratios of GCA/SCA for grain yield/plant were inconsistent under different
environments and combined analysis. In this connection Yadav and Singh
(1988) and Ahmed (1999), Hamada (2003) and Koumber and Esmail (2005)
indicated the preponderance of additive gene action in the inheritance of
days to heading and grain yield/plant while, EL-Shami ez al (1996) revealed
that non-additive effects (dominance and epistasis) were more important in
the inheritance of the same two traits.

The interaction of GCA and SCA with the environments were also
highly significant for the traits studied except the interaction of GCA for
days to heading at early sowing date that was insignificant, revealing that
the variance magnitude of different types of gene action were fluctuated
from one environment to another. Therefore sowing dates and N-levels are
considered as effective factors in declared GCA and SCA variances. Thus,
the breeder should utilize the appropriate breeding method under each
environment for developing desired wheat genotypes. Yadav and Singh
(1988), Ahmed (1999) and Hamada (2003) also indicated that the
interaction of both GCA and SCA with sowing dates were significant for
days to heading and grain yield/plant, while Hendawy (1994) and Koumber
and Esmail (2005) reported that the interactions of N-levels with both types
of combining abilities were highly significant for the two traits.

General and specific combining ability effects
Days to heading

Estimates of GCA effects for days to heading are presented in Table
(6). Since negative values of GCA would be of interest for earliness, the
Line-3 followed by the cv. Sakha 93 and the Line-37 showed highly
significant negative GCA values at each environment and combined
analysis. These parents may be considered as good general combiners and
can be used in breeding for improving earliness in headingt. On the other
hand, the cv. Gemmeiza 9 followed by the cv. Sids 1, Line-47 and the cv.
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Table 5. Mean squares of general (GCA) and specific (SCA) combining

ability analysis for the traits studied in bread wheat genotypes
as affected by two sowing dates and two N-fertilization levels
and their combined analysis. ;

Source D1+ D2 Combined
D.f NI1++ N2 N1 N2 D.f D1 D2
Days to heading
Genotypes (G) 27 281.09** 285.19** 8037** 91.23** 27 563.87** 169.45**
G.CA. 6 1153.98** 1170.07** 341.49** 375.08** 6 2323.38** 714.97**
S.C.A. 21 ) b bl 2 1 e AR || K foad 21 61.16** 13.58**
Environment (E) 1 54.75** 148.67**
GxE 27 7 e 1 Ll
G.CAXE 6 0.68 L61**
S.CAxE i 21 299=E .. D gpan
Error 54 1.151 0.859 0.333 0.414 108 0.503 0.186
G.C.AJS.CA. 419 412 6.98 4.28 : 4.25 5.93
: Grain yield/plant :
Genotypes (G) 27 17.93*+""23.00%% = 24.56** 22.85** 27 38.10** 46.66**
G.C.A. 6 38.45%* ~ 7132** 38.61** §3.23*» 6 104.04** 170.20**
S.CA." 21 12.07**  1047** 6.26**  5.59** 21 19.26** 11.36**
Environment (E) 1 852.66** 353.65**
GxE 27 o, g2k JREE
G.C.AxE 6 SI72EE 16
S.CAxE 21 Y 0.50**
Error 54 0.612 0.664 0473 0.396 108 0.319 0.217
G.C.A/S.CA. 0.37 0.80 1.69 1.77 0.61 1.69
“Grain protein content
Genotypes (G) 27 405 - 3TIEER L300k D GG 27 TAS™ S48t
G.CA. 6 8.26%* 890 o 171 638 6 16.79** 14.06**
S.C.A. 21 Pk il s o e B 1.45%* 21 4.78**  2.59**
Environment (E) 1 77.76** 100.02**
GxE 27 0.33** 0.75**
G.CAxE 6 0.37**  0.54**
S.CAxE 21 031 * ' 0.81**
Error 54 0.056 0.038 0.044 0.041 108 0.024 0.021
G.C.AJS.C.A. 0.39 0.45 0.45 0.55 0.39 0.61
Fermentation test
Genotypes (G) 27 504.92%* 475.48** 592.75%* 543.33** 27 858.67** 992.59**
G.CA. 6 1531.26** 1193.34** 1616.83** 1459.86** 6 2544.55** 3006.12**
S.CA. 21 211.69** 70.38** 300.16** 281.46** 21 376.99** 417.30**
Environment (E) 1 6905.49** 13906.62**
GxE 27 121.74** 143.48**
G.CAxE 6 180.05** T70.56**
S.C.AxE 21 105.08** 164.32**
Error 54 0.434 0.697 0.863 0.626 108 0.282 0.372
G.C.AJS.C.A. 0.81 0.49 0.59 0.58 0.75 0.80

+ D1 and D2 = 8 Nov. and 8 Dec., respectively.
++Nland N2 = 40 and 80 kg N/ fed., respectively.
** = significant differences at 0.01 level of probability
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Table 6. Estimates of general combining ability effects for days to heading of
the seven bread wheat parents as affected by two sowing dates and
two N-fertilization levels and their combined analysis.

D1+ D2

Parents NI++ N2 Combined N1 N2 Combined
P,(Line 3) -12.95%%  -12.89%%  -]2.92**  6.68**  -7.28%* -6.98**
P;(Sakha93) -1.95%= -2.12** -2.03** -1.57** -1.57** -1.57**
Ps(Line 37) SL54EE o149t -1.51** SLO5** 0,724 -0.88**
Py(Giza 168) 2.39** 2.03** 2.21** 1.36** 1.39** 1.38**
Ps(Sids 1) 4.24** 4374 4.30** 2.65** 2.87** 2.76**
Pg(Line 47) 257 2510 p L 1.07** 1.39** 1232
P{Gemmeiza 9) 7.24** 7.59** T741** 421** 391+ 4.06**
S.E(gi) 0.33 0.29 0.22 0.18 0.20 0.13
LSD (gi-gj) 0.05 1.02 0.88 0.66 0.55 0.61 0.40

0.01 1.36 1.17 0.88 0.73 0.81 0.54

+D1 and D2 = 8 Nov. and 8 Dec.. respectively.

++ Nland N2 =40 and 80 kg N/ fed., respectively.

** = significant differences at 0.01 level of probability.

Giza 168 proved to be poor general combiners for earliness in
heading as they attained positive significant GCA effects at all
environments and combined data.

The SCA effects of different crosses for days to heading are given in
Table (7). The cross P; x Ps exhibited significant negative SCA effects
under each environment and combined data followed by the three crosses;
P x Py, P2 x P5 and P: x Ps under all environments except under low N-level
in late sowing date. These crosses are considered to be promising for
varietal improvement for earliness as they showed highly SCA effects and
involved at least one parent as good general combiner for this trait. Also, the
two crosses; P3 x P4 and P4 x Ps under the two N-levels and combined data
in early sowing date and combined data in late sowing date, the two crosses;
P, x P4 and P, x P; under high N-level and combined data in early sowing
date and low N-level and combined data in late sowing date, the cross P; x
Ps under the two N-levels and combined data in late sowing date and
combined data in early sowing date, the cross Ps x P7 under the two N-levels
and combined data in early sowing date, the cross P4 x Ps under low N-level
and combined data in late sowing date and the cross P, x Ps under high N-
level and combined data in late sowing date exhibited significant negative
SCA effects under their respective environments. The cross P; x P3 included
two good general combiner parents, while eight of the above crosses
included only one good general combiner parent only for earliness in
heading.
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Table 7. Estimates of specific combining ability effects for days to
heading of 21 crosses of bread wheat as affected by two sowing

dates and two N-fertilization levels and their combined analysis.

DI+ D2

Crosses NI++ N2 Combined N1 N2 Combined
P, xP, -0.96 -0.03 -0.50 0.82 0.20 051
P,xP, -0.70 033 -0.52 0.63 035 0.49
P, xP, -1.30 -3.18% 2244+ L1t o109 111+
PyxPs -1.82 086 -1.34* -L07* -15T* 132
Py x P 0.85 0.66 0.09 -0.48 2.76 .62
P,xP; 215 -3.08** 261+ 063  -1.61** -L12%
P;x P, 337 -178* 257 048  -3.02** LTS5
P,xP, 1.04 -1.30 0.13 2.78*+ 0.87 1.83**
Pyx P 35% 3.63** -3.39%+ 085  -1.95*+ -1.40%+
Pox P 1.52 0.89 1.20 092  -147* -1.19%*
P xP, 7 2182 -2.52%+ 217 o141t 032 -0.86*
Pyx P, 2.70%  226** 2484+ 0.74 -0.98 0.86*
Py x Py -422%% 392+ -4.08** -L70%*  2.46%* 2.09%*
Pyx P 144 1.26 135+ 0.89 2.35%* 1.62%*
PyxP, -0.23 -0.82 0.52 0.74 1.50* 112+
P, xPe 0.15 0.1 0.13 -1.78** 924 -1.01*
PixP 382 -193* -2.87+* 0.85 -1.09 2097+
PixP; 2197 367+ 2.92++ 0.67 0.61 0.64
Psx P, 6.34** 508+ 5.70%* 3.09% 343+ 330+
Pix P, 1.00 -1.67 -0.33 0.37 0.91 0.64
Pex P, 5.67%%  -5.15%* R 0.70 0.28 0.49
S.E(sij) 0.96 0.83 0.64 0.52 0.58 039
LSD (sij-sik) 0.05 2.87 248 1.87 1.55 1.72 1.14

001 383 331 249 2.06 2.30 1.51
LSD (sij-skl) 0.05 2.69 232 1.75 145 1.61 1.07

001 359 3.10 2.32 1.93 2.15 1.42

+D1 and D2 = 8 Nov. and 8 Dec.. respectively. ++ Nland N2 = 40 and 80 kg N/ fed_, respectively.
*and** = denote significant differences at 0.05 and 0.01 levels, respectively.
P, (Line 3), P; (Sakha 93), P; (Line 37), P; (Giza 168), Ps (Sids 1), P, (Line 46) and P; (Gemmeiza 9).

Grain yield/plant

Estimates of GCA effects for grain yield/plant under different
environments and combined analysis are presented in Table (8). Results
indicate that the three parents; Giza 168, Sids | and Line-47 showed highly
significant positive GCA values under all environments and combined data
as well as the cv. Gemmeiza 9 in combined data in late sowing date.
Therefore these parents appeared to be the best combiners for grain
yield/plant and can be utilized as promising progenitors for high yielding
ability. On the other hand, the two parents; Line-3 and Sakha 93 manifested
highly significant negative GCA effects under all environments and



Table 8. Estimates of general combining ability effects for grain yield/plant
of the seven bread wheat parents as affected by two sowing dates
and two N-fertilization levels and their combined analysis.

D1+ D2

Parents Nl++ N2 Combined N1 N2 Combined
Py(Line 3) -1.99%* -2.5%* =B 2.37**  2.69%* -2.52**
P;(Sakha93) -0.89**  -1.61** -1.25%* -2.33%  -2.08** -2.21**
P5(Line 37) -0.11 -0.35 -0.23 -0.5* 0.04 -0.23
P{(Giza 168) 0.87%* 0.61* 0.74** 1.02** 1.25%* 1.14**
P(Sids 1) 0.89** 2.04** 1.47** 2.16** 5.73%% 1.94**
P¢(Line 47) 1.47** 1.49** . HAg 1.61** 1.53** 1.57%¢#
P{Gemmeiza 9) =302 0.32 0.04 ©041 0.21 0.31*
S.E(gi) 0.24 0.25 0.18 0.21 0.19 0.14
LSD (gi-gj) 0.05 0.74 1.69 0.53 0.65 0.60 - 043

0.01 0.99 225 0.70 0.87 0.80 0.58

+D1 and D2 = 8 Nov. and 8 Dec.. respectively. ++ Nland N2 = 40 and 80 kg N/ fed., respectively.
*and** = denote significant diffcrences at 0.05 and 0.01 levels, respectively.

combined data as well as Line-37 under low N-level in late sowing date.
Thus, these parents seemed to be poor combiners for this trait.

The SCA effects calculated for each cross are presented in Table (9).
The two crosses; P; x Ps and Ps x P; exhibited significant positive SCA
effects under all environments except under high N-level in early sowing
date, followed by the cross Ps x P; under all environments, except under low
and high N-level in early and late sowing date, respectively. Also, the cross
P4 x P; under the two N-levels and combined data in early sowing date and
the seven crosses; P; x P2, Py x P, Py x Py, Py x Ps, P> x Pg, P2 x P; and Ps x
Ps under one or two environments manifested significant positive SCA
effects, revealing that the eleven crosses seemed to be good F;-cross
combinations for increasing grain yield/plant under their respective
environments. Out of these crosses, the two crosses; P; x Ps and Ps x Pg
included high x high general combiner parents whereas seven crosses; Py x
P4, Py x Ps, P3 x Ps, P> x P7, Py x P7, Ps x P; and PgxP; included low x high
general combiner parents for this trait. In such crosses especially the two
crosses Py x Ps and Ps x P;, desirable transgressive segregants could be
expected in the segregating generations and high yielding genotypes may be
raised.
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Table 9. Estimates of specific combining ability effects for grain yield/plant
of 21 crosses of bread wheat as affected by two sowing dates and
two N-fertilization levels and their combined analysis.

D1+ D2

Crosses N1++ N2 Combined N1 N2 Combined
P;xP; 0.33 2.03** 1.18* -0.28 -0.92 -0.60
P xP; 1.55* 0.96 1.26* -0.31 -0.78 -0.55
P, xP, -0.48 1.55* 0.54 0.07 0.33 0.20
PixPs 0.55 -0.13 0.21 1.15 0.94 1.05*
P, x P 0.39 -1.14 -0.38 -0.84 -0.49 -0.66
P, x P, -3.92%* -2.55%* -3.24** -1.52* =2.03** =177+
PixP; 0.27 0.97 0.35 -1.03 10 -1.07*
P;x P, 0.67 0.34 0.50 0.89 0.61 0.75
P;xPs -3.99%* -3.2%* -3.59%* -3.15** -2.65** =2, 9%*
Px Pg 0.03 -0.64 -0.30 1.59* 0.84 1.22%*
P,x P, 0.96 0.46 0.71 0.87 1.08 0.97*
P;x Py -1.44* -0.43 -0.93 -1.35* -1.49* -1.41**
P;x Pg 0.22 -1.67* -0.72 0.31 0.97 0.64
Pyx Pg -0.26 -1.23 -0.75 0.78 0.59 0.68
P;x Py =3.71** -2.91%* -3.31** -1.46* -1.16* -1.31**
P;x Ps 3.14%= 0.94 2.04%* 2.58** 211> 2.35**
P, xPg -1.27 -0.80 -1.03* -0.94 -0.79 -0.86*
Py;xP; 1.64* QTEX 1.96** -0.70 0.33 -0.19
Psx Pg -0.24 1.87* 0.81 -0.77 -1.67** -1.22%*
Psx Py 1.25 3.45%* 238%% 1.47* 1.03 TS+
Pex P, 2.98%* 1.08 2.04** 1972% 1.42* L7**
S.E(sij) 0.70 0.73 0.51 0.62 0.57 0.42
LSD (sij-sik) 0.05 2.10 2.18 1.49 1.84 1.69 1.23

0.01 2.80 2.91 1.98 2.46 2.25 1.64
LSD (sij-skl) 0.05 1.96 2.04 1.39 1.72 1.58 1.15

0.01 2.61 2.72 1.85 2.30 2.10 1.53

+D1 and D2 = 8 Nov. and 8 Dec., respectively.
*and** = denote significant differences at 0.05 and 0.01 levels, respectively.
P, (Line 3), P; (Sakha 93), P; (Line 37), P, (Giza 168), Ps (Sids 1), P, (Line 46) and P; (Gemmeiza 9).

Quality traits

++ Nland N2 =40 and 80 kg N/ fed., respectively.

The data of grain protein content given in Table (10) show that
highly significant positive GCA effects detected for the two parents; Line-3
and Line-37 under all environments except under high N-level in late
sowing date. Therefore, these two parents appeared to be the best combiners
for grain protein content under these environments. However, the other 5
parents behaved as poor combiners for this trait. They manifested highly
significant negative GCA effects under certain environments.
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Table 10. Estimates of general combining ability effects for grain
protein content of the seven bread wheat parents as affected
by two sowing dates and two N-fertilization levels and their
combined analysis.

DI+ D2
Parents N1++ N2 Combined N1 N2 Combined
Py(Line 3) 0.72**  0.57** 0.65** 0.97**  0.73 0.85**
P,(Sakha93) -0.18% 0.10 -0.05 0.06 024  -0.15%*
P5(Line 37) 0.81**  0.88** 0.84%* ~ 027** 040 0.33**
P.(Giza 168) -0.18*  -0.09 0134+ 005  0.10 0.08
P(Sids 1) 0.61**  061**  0.60**  0.76** 079  0.78**
Pe(Line 47) 0.48%*  -0.69**  -0.58**  .026** 035  -0.30**
P;(Gemmeiza 9) -0.07  -0.16* -0.11* 0.21%*  0.13 -0.04
S.E(gi) 0.07 0.06 0.05 0.07 0.62 0.04
LSD (gi-gj) 0.05 0.23 0.18 0.14 0.20 0.19 0.13
0.01 030 0.25 0.19 0.26 0.25 0.1

+D1 and D2 = 8 Nov. and 8 Dec., respectively. ++ Nland N2 = 40 and 80 kg N/ fed., respectively.
*and** = denote significant differences at 0.05 and 0.01 levels, respectively.

Results ‘n Table (11) indicate that the cross P; x P; exhibited
significant positive SCA effects under all environments and combined data
along with the cross P4 x P7 under all environments excerpt under low N-
level in late sowing date for grain protein content. Also, the cross Py x Ps
under high N-level in early sowing date and the two N-levels and combined
data in late sowing date, the cross P; x Ps under high N-level and combined
data in early sowing date and low N-level and combined data in late sowing
date, the four crosses; P, x P3, P; x Ps, P; x P; and Ps x Ps under the two N-
levels and combined data in early sowing date, the cross P> x P; under the
two N-levels and combined data in late sowing date, the cross P, x P> under
high N-level and combined data in late sowing date, the cross P; x P under
low N-level in early sowing date and high N-level in late sowing date and
the two crosses; Py x Ps and P, x Ps under low N-level and combined data in
early sowing date and low N-level and combined data in late sowing date,
respectively had significant positive SCA effects. Thus, these crosses are
considered as good F;-hybrids for improving this trait. From these crosses,
the cross P; x P; involved two good general combiner parents while, the
eight crosses namely; P; x P>. Py x Ps, Py x Pg, Py x P7, P2 x P53, P3x Ps, P3 x
Ps and P53 x P7 included high x low general combiner parents.

For fermentation test. estimates of GCA effects for each parent are
presented in Table (12). The data indicate that the parental Line-37 and the
cv. Giza 168 showed highly significant positive GCA values under all
environments and combined data as well as the cv. Gemmeiza 9 under all
environments except under low N-level in early sowing date and the
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Table 11. Estimates of specific combining ability effects for grain
protein content of 21 crosses of bread wheat as affected by two
sowing dates and two N-fertilization levels and their combined

analysis.
D1+ D2

Crosses NI++ N2 Combined N1 N2 Combined
PixP; 0.35 0.00 0.19 0.59%* 0.02 031*
PixPs 0.72%* 0.47+* 0.59%* -0.08 -0.06 -0.06
PixP; 0.31 -0.38* -0.04 ~0.64** -0.21 -0.43**
PixPs -0.12 0.50%* 0.18 1.16** 1.36** 1.26**
PixPg 0.55* 0.32 0.43** -0.33 0.13 -0.10
PixP; 1.79%* 171 1.75%* 1.08** 0.65%*. 0.87**
PxP : 0.26 0.05 0.17 1.18%% 0.57%% 0.88==
P:x Py -0,72%* -1.01** -0.85%* -0.39* -0.47* -0.43%*
P:xPs -0.61** -0.06 -0.32* -0.14 -0,69** -0.41**
P:x Ps -0.62%* -0.09 -0.34* 0.59*~ 0.32 0.45**
P.xP; -1L.67** -1.28** -1.46%* -0.80** -0.40* -0.60**
Psx Py -1.29%* -1.26** -1.28%* -0.72%* -1.16%* -0.94**
P;xPs 0.54* 0.61** D.5Th% ~L14%* -0.21 -0.67**
P;x P 0.45* -0.04 0.20 -0.17 0.46* 0.14
PixP; DS 0.68%* 0.62** -1.02** -0.14 -0.57**
PixPs 0.12 0.27 0.20 -0.58** 0.09 -0.25
PixPg -0.11 0.72%* 0.31* RS kel 0.09 0.34*
Pix Py 1.14%* 0.60%** 0.87** 0.04 1.28** 0.66**
Psx P 0,844 0.42% 0.62** -0.05 -0.69** -0.37**
Psx P, -0.14 0.08 -0.03 -0.21 -1.05%* -0.63**
Py x Py -0.01 0.17 0.08 =0.71** 0.28 -0.22
S.E(sij) 0.21 0.18 0.14 0.19 0.18 0.13
LSD (sij-sik) 0.05 0.64 0.52 0.41 0.56 0.54 0.38

0.01 0.85 0.70 0.54 0.75 0.72 0.51
LSD (sij-skl) 0.05 0.59 0.49 0.38 0.53 0.51 0.36

0.01 0.79 0.65 0.51 0.70 0.68 0.48

+D1 and D2 = 8 Nov. and 8 Dec., respectively. ++ Nland N2 =40 and 80 kg N/ fed., respectively.
*and** = denote significant differences at 0.05 and 0.01 levels, respectively.
P, (Line 3), P; (Sakha 93), P; (Line 37), P, (Giza 168), Ps (Sids 1), P; (Line 46) and P; (Gemmeiza 9).

prenatal Line-3 under low N-level in early sowing date and low N-level and
combined data in late sowing date. Thus, these parents are considered as
good combiners for this trait. On the other hand, the three parents, Sakha 93,
Sids 1 and Line-47 exhibited highly significant negative GCA effects under
all environments and combined data as well as the Line-3 under high N-
lavel in early sowing data and the ¢v. Gemmeiza $ under low N- level in
early sowing data, therefore these parents behaved as poor combiners for
this trait.

92



Table 12. Estimates of general combining ability effects for
fermentation test of the seven bread wheat parents as affected by
two sowing dates and two N-fertilization levels and their
combined analysis.

DI+ D2

Parents N1++ N2 Combined N1 N2 Combined
Py(Line 3) 2.16™* RN 0.32 1.82** 0.25 1.04**
P;(Sakha93) -6.56** -8.24** -7.40%* -8.85** -TA4T** -8.16**
rﬂLiu 31‘) 9'_‘ - 6_”.. u.‘.i 2_93i. 1-03‘. 4.”.'.
P4(Giza 168) 1021** 8.60** 9.41** 13.21%% 10.64** 11.92**
Ps(Sids 1) -8.23** -4 35%* -6.29** -6.24** -7.91** -7.08**
Ps(Line 47) -5.18** -5.85%* =5.51%* -6.52%** 5. 75%* -6.13**
P.(Gemmeiza 9) -1.90** 4.37** 1.24** 3.65** 3.20** 342>
S.E(gi) 0.20 0.26 0.16 0.29 0.24 0.19
LSD (gi-gj) 0.05 0.63 0.79 0.5 0.88 0.7 0.57

0.01 0.83 1.05 0.66 1.17 1.00 0.75

+D1 and D2 = 8 Nov. and 8 Dec., respectively. ++ Nland N2 =40 and 80 kg N/ fed., respectively.
** = significant differences at 0.01 level of probability.

Estimates of SCA effects (Table 13) reveal that the cross P, x Ps
manifested significant positive SCA effects under all environments and
combined data as well as the two crosses, P> x P; and Ps x P; under all
environments except under low N- level in early sowing date, the cross P; x
P; under all environments except under high N-level in early sowing date,
the cross P> x P; under all environments except under low N-level in late
sowing date which considered the best F,-cross combinations for this trait.
Also, the cross P, x P; under low N-level and combined data in both sowing
dates, the two crosses; P; x P; and P: x P; under the two N-levels and
combined data in early sowing date. the cross PsxPs under the two N-levels
and combined data in late sowing date and the five crosses; P> x P, P; x Ps,
P4 x Ps, Ps x Ps and Ps x P;; under one or two environments manifested
significant positive SCA effects, therefore they also considered as good F,-
hybrids for improving this trait. From these crosses there are four crosses,
viz., P, x P;, Py x Py, Py X P; and P; x P; involved high x high general
combiner parents, while nine crosses, viz., P; x Ps, P, X P3, P, x Py, P> x P,
P; x Ps, P4 x Ps, P4 X Pg, Ps x P; and Ps x P; included low x high general
combiner parents.

Types of gene action, genetic ratios and heritability

According to Hayman's approach (1954 a and b), the half diallel
analysis provides six genetic components, i.e., D, H;, H,, F; h? and E and
several ratios could be derived from the analysis. As shown in Table (14),
the values of additive genetic component (D) were significant for days to
heading and the two quality traits under the four environments except, grain
yield/plant under low N-level at early sowing date the value of component
(D) was insignificant.



Table 13. Estimates of specific combining ability effects for fermentation
test of 21crosses of bread wheat as affected by two sowing dates and
two N-fertilization levels and their combined analysis.

DI+ D2
Crosses Ni++ N2 Combined N1 N2 Combined

P.xP; 467 -1114**  -7.90** 9.74%*  _19.75**  -14.74**
P, xP; 4.78** 0.14 2.46** 6.99** 3.75%* 537%*
P,xP, 10.56** 7.52%* 9.04*+ 0.71 -336** -133*
P, xPs -5.50%*  -16.03**  -10.76** 115 231 -0.58
P, xP 13.44** 7.47%* 10.46** 13.93**  10.03** 11.98**
P, xP; 3.17* -1.25 0.96* 6.76** 0.58 3.67**
Pix Py 16.00**  11.36**  13.68**  -335** 18.47** 7.56%*
P;xP, 20.22 3.74%+ 1.76%* 16.38%* 3.36** 9.87**
P;x P -3.28% 1314+ -5.29%* -3.68** 2.08** -2.88%*
Px P -I3.83**  -1581%*  -14.82%*  -4.40** -4.25%* -433**
P:xF, 31 -7.03** 5,07+ 3.93%+ -3.69** 0.12
P;xP, S19.78%*  -9.98**  _14.88**  20.90**  6.64**  -13.77**
Ps;xPs 1.67** -8.53** 3.43** 9.04*+ -7.58%* 0.73
Psx P 2239+ -5.03** S3.71%% -17.18%*  -13.75%%  -1547**
P;x P, 383+ 1.75% 2.79%* =335 0.81 -127*
P.x Ps 20.56 0.86 0.15 2.26** 4.81** 3.53%=
Psx P 439% 1.36 2.87%+ -4.46%* -9.86** -7.16**
Pix P, -2.39%* S7.37%* -4.88%*  =6.63** -1.81* -4.22%*
Psx P 4.83** 0.81 2.82%+ 8.01%* -3.81** 5.91%*
PsxP; 2.06** -4.42%* -1.18* “1.18 14754 -7.97**
Psx P, -1.00 5.58** 2.29** 3.60** 9.58+* 6.59**
S.E(sij) 0.59 0.75 0.48 0.83 0.71 0.55
LSD (sij-sik) 0.05 1.76 2.24 1.40 2.49 2.12 1.61

0.01 2.35 2.98 1.86 3.32 2.82 2.14
LSD (sij-ski) 0.05 1.65 2.09 1.31 2.33 1.98 1.51

0.01 2.20 2.79 1.74 3.10 2.64 2.00

+D1 and D2 = 8 Nov. and 8 Dec., respectively.
*and** = denote significant differences at 0.05 and 0.01 levels, respectively.
P: (Line 3), P; (Sakha 93), P; (Line 37), P, (Giza 168), Ps (Sids 1), P; (Line 46) and P; (Gemmeiza 9).

++ Nland N2 = 40 and 80 kg N/ fed., respectively.

The presence of dominance effects were substantiated by significant
estimates of H, for the four traits recorded under all environments. These

results illustrate that both additive and dominance genetic components are
important in the inheritance of the traits studied. However, values of D were
greater than the respective H, for days to heading under all environments as

well as grain yield/plant under the two N-levels at late sowing date,

indicating that additive gene effects played the major role in the inheritance
of these traits. On contrast, values of H,; for grain protein content and
fermentation test were greater than their respective D values under all

environments, indicating that the dominance gene effects played the major
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Table 14. Estimates of genetic and environmental components of

variation and some of its derived ratios in F1 diallel crosses
analysis for the traits studied in bread wheat genotypes on

two sowing dates under two N-fertilization levels.

Traits Days to heading Grain yield/plant
Genetic D1+ D2 D1 D2
parameters NI++ N2 N1 N2 N1 N2 N1 N2
D 158.40**  164.54** 51.70** 45.00** 2.64 HO.BI*E R 28N T 80"
H, 34.59* 32.51** 6.53* 12.38* 1541* 13.48* 7.58* 7.05**
H, 31.16* 29.92%+* 6.16* 10.03 13.81* 11.32* 6.62* 5.97**
F -12.64 -8.53 1.90 -11.5 -2.41 1.40 -5.26 -4.82*
h? P R 77 1.47 6.24 0.03 -0.19 -0.23 0.67
E 2.04 1.87 0.48 0.64 0.66 0.72 0.57 0.38
(H./D)** 0.47 0.44 0.36 0.52 2.42 LIS 0.96 0.95
IL,/4H, 0.23 0.23 0.24 0.20 0.22 0.21 0.22 0.21
h¥/H, 1.04 1.75 0.24 0.62 0.00 -0.02 -0.03 0.11
KD/KR 13.56 9.47 -0.85 12.25 322 -0.34 5.93 5.50
Hn.s. 89.87 90.38 92.54 90.34 44.75 60.53 76.56 78.51
r 0.87** 0.88** 0.87** 0.9** -0.12 0.49 0.45 0.19
r 0.75 0.77 0.75 0.81 0.02 0.24 0.20 0.04
Grain protein content Fermentation test
D 1.15* 23245 0.90* 0.55*  240.48** 121.22** 328.72** 186.30**
H, 4.52%* 3.54** 2.89** 2.09**  304.41* 343.15** 449.25% 355.99%+*
H, 2.84* 20t 2.06** 1.66*  260.78* 291.91** 348.27* 338.18**
F 1.24 2.33* 0.35 -0.26 51.65 -31.3 193.56 -24.43
h? 0.56 0.63 0.29 -0.02 6.59  302.23** 34.61 190.02**
E 0.06 0.04 0.05 0.04 0.47 0.73 0.84 0.62
(H,/D)** 1.98 1.24 1.79 1.96 1.13 1.68 1217 1.38
H,/4H, 0.16 0.16 0.18 0.20 0.21 0.21 0.19 0.24
h¥/H, 0.20 0.29 0.14 -0.01 0.03 1.04 0.10 0.56
KD/KR 0.03 -0.93 0.76 1.14 -50.56 32.22 -192.3 25.38
Hn.s. 50.99 52.55 54.89 57.5 63.9 58.02 57.32 57.3
r 0.21 -0.31 0.02 -0.65 -0.59 -0.82* -0.62 -0.26
? 0.04 0.10 0.00 0.43 0.35 0.68 0.39 0.07
+D1 and D2 = 8 Nov. and 8 Dec., respectively. ++ Nland N2 =40 and 80 kg N/ fed., respectively.

*and** = denote significant differences at 0.05 and 0.01 levels, respectively.

D = additive effects of genes.

H; = dominance effects of genes.

H; = dominance indicating symmetry of positive and negative effects of genes.

F = covariation of additive and dominance effects.

h’ = dominance effect as the algebraic sum over all loci in heterozygous phases in all crosses.
E = the expected environmental component of variation.

(H1/D)™ = measures the average degree of dominance over all loci.

H_/4H, = the ratio of genes with positive and negative effects in the parents.

h*/H, = number of groups of genes which control the character and exhibited dominance.
KD/KR = the ratio of total number of dominant to recessive alleles in all parents.

Hn.s. =heritability in narrow sense.

r = The coefficient of correlation between the parental order of dominance and parental measurement.

r* =prediction for measurement of completely dominant and recessive parents.
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role in the inheritance of both traits under different environments. These
findings coincided with those obtained previously from variance analysis of
combining ability.

The component of variation due to dominance effects associated
with gene distribution (H,) was significant for grain yield/plant, grain
protein content and fermentation test under all environments but it was only
not significant for days to heading under high N-level at late sowing date.
Moreover, H; values were smaller than H, values for all traits, which
complies with theoretical assumption of Hayman (1954 a and b) and could
be a further proof for the unequal proportions of positive and negative
alleles in the parents at all loci for these traits.

The values of (F) which represent covariance of additive and
dominance was insignificant for the majority of studied traits under all
environments, revealing that no excess of either dominant or recessive
alleles was verified.

The overall dominance effects of heterozygous loci (h*) was
significant for days to heading under the two N-levels at early sowing date
and fermentation test under high N-level in both sowing dates, illustrating
that the dominance effect was mainly attributed to heterozygous phase in all
crosses for both traits. On the other hand, (h*) was insignificant for the other
two traits, revealing the little importance of dominance effects in the
inheritance of these traits.

The environmental effects indicated by (E) values did not reach the
significant level in all traits, revealing less sensitivity of the studied traits to
environmental changes.

The degree of dominance (H;/D)’> was higher than unity for grain
protein content and fermentation test under all environments as well as grain
yield/plant under the two N-levels in early sowing date, indicating the
presence of overdominance in the expression of these traits. On contrast, the
ratio was less than unity for days to heading under all environments and
grain yield/plant under the two N-levels in late sowing date, indicating the
presence of partial dominance for both traits.

The (H2/4H,) value was used to estimate the average frequency of
positive (v) vs. negative (u) alleles in the parental genotypes. The ratio
theoretically equal 0.25 when the distribution of positive equal negative
genes among the genetic makeup of parents. As shown in Table (14), these
ratios were less than 0.25 for the traits studied under all environments,
revealing asymmetric distributions of positive and negative alleles among
parents.

The (h*/H.) values were calculated to determine the number of
effective gene groups that control the character and exhibit dominance. Data
in Table (14) show that about one effective gene group controlled the traits
studied under all environments.
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The ratio of (KD/KR) that represent the total number of dominant to
recessive alleles in the parents was more than unity for fermentation test
under all environments as well as days to heading under the two N-levels in
early sowing date and high N-level in late sowing date, grain yield/plant
under the two N-levels in late sowing date and low N-level in earlv sowing
date and grain protein content under high N-level in late sowing date,
suggesting greater frequency for dominant genes as compared with
recessive ones in the parents regarding these traits. On the other hand, this
proportion was less than unity for days to heading under low N-level in late
sowing date, grain yield/plant under high N-level in early sowing date and
grain protein content under the two N-levels in early sowing date and low
N-level in late sowing date, indicating that the proportion of recessive
alleles was greater for these traits.

The correlation coefficient (r) between the parental order of
dominance (Wr + Vr) and the parental mean performance (Yr) was found to
be positive and significant for days to heading under all environments,
revealing that the dominant genes were operating towards decreasing this
trait under these environments. On the other hand, significant negative
correlation coefficients were detected for fermentation test under high N-
level in early sowing date, indicating that the dominant genes were
operating towards increasing this trait under these specific environments
However, the other traits (grain yield/plant and grain protein content) were
insignificant, indicating ambidirectional dominance.

The square values of (r’) were less than unity for all traits studied
under all environments, suggesting that none of parental genotypes was
completely dominant or recessive for genes controlling any of traits under
different treatments. Similar results concerning components of variation and
ratios derived from Hayman's analysis were obtained for one or more of the
traits studied by EL-Marakby et al (1993), Ahmed (1999), Salem et al
(2000), Mostafa (2002), Hamada (2003) and Menshawy (2005) in wheat.

High estimates of narrow sense heritability (Hn.) were detected for
days to heading under all environments, grain yield/plant under the two N-
levels in late sowing date and high N-level in early sowing date and
fermentation test under low N-level in early sowing date. Values of
heritability for these two traits ranged from 60.53% for grain yield/plant
under high N-level at early sowing date to 92.54% for days to heading under
low N-level at late sowing date, indicating the importance of additive gene
effects in the inheritance of these traits and consequently the effectiveness
of selection for improving both traits in segregating generations under
similar environments. EL-Marakby ef al (1993). Ahmed (1999). Salem et al
(2000), Hamada (2003) and Koumber and EL-Beially (2005) also found
high narrow sense heritability values ranging from 60% to 89% for one or
the two above traits. However, moderate heritability values were obtained
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for grain protein content under all environments, grain yield/plant under low
N-level at early sowing date and fermentation test under high N-level in

early sowing date and the two N-levels in late sowing date giving values
ranging from 44.75 % for grain yield/plant under low N-level in early
sowing date to 58.02 % for fermentation test under high N-level in early
sowing date. These results are supported by findings of Ahmed (1999) and
Koumber and Esmail (2005) who found narrow sense heritability values
ranging from 40% to 60.59% for these traits in wheat.
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