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Abstract

This investigation was carried out at the Experimental Farm of Sakha Agricultural Research Station,
Agricultural Research Center, Egypt, through the four seasons 2016/17 to 2019/20 growing seasons to determine
the genetic behavior controlling inheritance of yield traits, heterosis expression and expected genetic advance
under optimum (15November) and late (15 December) sowing date conditions. The parents and their five
populations (P1, P2, F1, F2 and F3) of three crosses; Line 1 x Line 2, Line 2 x Giza 171 and Misr 2 x Line 3 were
layout in a randomized complete block design with three replications. Analysis of variance revealed significant
differences among the population means under both sowing dates for most studied traits. Parents (Line 1 and
Line2) and F1 had the best tolerance to late planting conditions. Scaling test revealed the presence of epistasis for
most studied traits in the three crosses. Also results revealed the importance of both additive and non-additive
gene effects in the expression of the studied traits, The inheritance of the studied traits was mostly controlled by
the dominance effect under optimum sowing date and the additive effect under late sowing date. Over-dominance
towards the highest parent was detected for plant height, number of kernels/spike and grain yield/plant under both
sowing dates and number of spikes/plant under optimum sowing date, however partial-dominance was detected
for days to heading, days to maturity and100-kernel weight under optimum sowing date and number of
spikes/plant under late sowing dates. Cross 2 (Line2 x Giza 171) under optimum sowing date displayed absence
of inbreeding depression, recording highly significant and positive best-parent heterotic values in few cases.
Narrow sense heritability estimates ranged from 29.75% to 89.42% under the optimum sowing date and 26.55%-
93.45% under the late sowing date, indicating the low environmental influence The highest estimates of expected
genetic advance (GA%) coupled with the highest narrow sense heritability (hs?) which revealed selection
efficiency for the number of spikes/plant, number of kernels/spike, and grain yield/plant in these studied
populations and help breeders in selecting high yielding genotypes, under optimum sowing date. The parents of
Line 1, Line 2 and crosses (Line 1 x Line 2) and (Line2 x Giza 171) were considered tolerant to late sowing and
could be used in breeding programs to improve bread wheat production
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Introduction future breeding program (Abd El-Rahman 2013).

Plant breeders are interested in the gene effect
Globally, wheat (Triticum aestivum L.) is the most estimation to activate them for wheat yield traits

important food cereal crops all over the world, improvement. Heritability estimates associated with
especially in Egypt. It is widely adapted crop for a high genetic advance can offer good indicator for
wide range of environmental conditions. Meanwhile, genotype selection in optimum  segregating

wheat grain yield is highly influenced by environment populations (Memon et al 2005). Grain yield
and varied from sowing date to another because yield attributes in wheat may have more heritable than yield
is a complex trait that is quantitatively inherited with itself (Fethi and Mohamed 2010). High heritability

low heritability value. Wheat crop that sown at late estimates, coupling with other parameters can be used
date maybe exposed to high temperature during grain in predicting genetic gain follows by selection for
filling stage, reducing its grain yield (Ibrahim, 2016). these traits.

On the other side, grain yield is difficultly improved In this work, the five populations under study may
through breeding but it can be improved by making up help to obtain information about the genetic system
of the interaction among different yield components controlling grain yield to help selection for wheat
with environment. genotypes to be grown under optimum and late

Population mean analysis is considered as the best sowing conditions. Therefore, the aims of this work
evaluation quantitative biometrical method based on were to 1) investigate the genetic variation among
phenotypic performance of investigated traits different populations under optimum and late sowing
(Sharma and Sain, 2004). This method is adequate to dates, 2) assess the impact of lateness in wheat

estimate main gene effects (additive, dominance and planting date to determine the best cross under
their interactions) about the performance of parental optimum/late sowing and 3) estimate gene action,
genotypes and their crosses to provide a guide for heritability and expected genetic advance from

identifying the desirable genotypes, then designing a selection under contrasting sowing dates.
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Materials and Methods

The field experiment was carried out at the
Experimental Farm of Sakha Agricultural Research
Station, Agricultural Research Center, Egypt, through
four seasons; 2016/17, 2017/18, 2018/19 and 2019/20.
Name, selection history and characteristics of these
parental genotypes are presented in Table 1. In

2016/17 growing season, the parental genotypes were
crossed to produce the three F; crosses. The studied
crosses were intended as follows: cross 1: Line 1 x
Line 2, cross 2: Line2 x Giza 171 and cross 3: Misr2
x Line3. A part of grains obtained from the F;s' and
F.'s grains of the three crosses were sown to generate
F2's and F3's in 2017/18 and 2018/19, respectively.

Table 1. Parental name, pedigree and selection history of five bread wheat genotypes.

Parent Name

Pedigree and selection history**

Characteristics
for earliness

WBLL*2/BRAMBLIMG//HUBRA-21

1 Linele17017-0565-0195-1S-0S Early
SAKHA93/3/VEE/PIN//2*KAUZ/5/MAI"S"/PI//ENU"S"/3/KITO/POTO.19//

2 Line2 MO/JUP/4/K134(60)/VEE Early
$.16412-015-035-4S-0S

3 Giza Sakha 93/ Gemmeiza 9 Intermediate

171 Gz 2003-101-1Gz- 4Gz-1Gz-2Gz-0Gz

4 Misr 2 Skauz / Bav92 Late
CMSS96M03611S-1M-010SY-010M-010SY-8M-0Y-0S
SITTA/CHIL/IRENA/6/GIZAL68/5/MAI"S"/PI//ENU"S"/3/

5 Line3 KITO/POTO.19//MO/JUP/4/K134(60)/VEE Early

S.16616-018S5-015S-25-0S

**\Wheat Research Dep., Field Crops Res. Inst., ARC, Egypt.

In 2019/20, the parents, F1, F> and F3 populations
of the three crosses were evaluated in the two sowing
dates; the first date at 15" November was the optimum

sowing date and the second date 15th December was
the late sowing. The experimental plots were laid out
in each date using the randomized complete block
design (RCBD) with three replications. Each
experimental plot consisted of 13 rows (one row for
each of Py, P, and F, five rows for each of F; and Fs)
besides two border rows were planted to avoid the
border effects. The rows were 3 m long, 20 cm apart
and 10 cm among plants within row. All cultural
practices were conducted during the growing season

according to the recommendation. Data on 30
individual randomly selected plants from each parent
and Fi generation and 200 plants from F, and F3
population were recorded to calculate the studied traits
(Days to heading, days to maturity, plant height,
number of spikes per plant, number of kernels per
spike, 100-kernel weight and grain yield per plant) for
all populations of the three crosses in the two sowing
dates. The registered maximum and minimum
temperatures at Sakha experimental site were
recorded from November through May in the season
2019/20 are illustrated graphically in Fig. 1 (weather
reports in Sakha, https://www.wunderground.com).
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Fig. 1. The registered maximum and minimum temperature at Sakha experimental site from November to May of the studied

season 2019/2020.
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Biometrical and genetical methods:

Data were analyzed to test the differences among
the five populations across the two sowing dates for
grain yield/plant and the Reduction Index (RI) which
was estimated to measure the reduction in grain yield
under late planting. RI was calculated for each
genotype according to the modified formula of Fisher
and Maurer (1978): Rl = (1 — (Ys/YEs))/D, where; RI
= an index of late sowing reduction, Ys = yield from
late sowing experiment for each genotype, Yes = yield
from optimum sowing experiment for each genotype
and D = late sowing intensity = 1 — (mean of Y s for
all genotypes/ mean of Ygs for all genotypes).

Scaling test for (C and D) was used to predict
and test the epistasis. Suitable gene effect (five
parameters) model was conducted according to
Gamble (1962) as illustrated by Singh and Chaudhary
(1985).

The scaling test variance, standard error and’t’ test
were calculated to detect the interactions or to fit in
simple additive- dominance model.

Populations mean analysis in this study used
biometrical technique as developed by Mather and
Jinks method (1982) to perform genetic parameters.
Population mean of each trait was verified as follows:
Y =m+ B4 (d) + B2 (h) + B3 (i) + Ba (1), where, Y: the
mean of one population, m: the mean of all
populations, d: the sum of additive effects, h: the sum
of dominance effects, i: the sum of additive x additive
interaction, 1: the sum of dominance x dominance
interaction and ... and B, are the coefficients of gene
effects. The significance of the measured gene effects
(m, d, h, i, j and I) was tested by t-test for the studied
traits according to Hayman model (1958) as described
by Singh and Chaudhary (1985).

Both broad (h%,) and narrow (h?,) sense heritability
and mean degree of dominance (H/D)Y?, inbreeding
depression (%) and heterosis above mid and better
parents were estimated according to Mather and Jinks
(1982). Expected genetic advance (GA %) as
percentage of the F2 mean was calculated as reported
by Allard (1999).

Results and Discussion

Mean performance

Means and variances of the five populations of the
three crosses under the two sowing dates are shown in
Table 2. Data showed highly significant differences
among the investigated populations and their
respective parents for most the studied traits. In the first
cross, P2 and P4 had the earliest heading and maturity
plants, respectively under the two sowing dates.
Parent (P1) in the second cross recorded the earliest
heading and maturity plants for each date. Meanwhile

in the third cross P revealed the earliest heading and
maturity date under the optimum sowing date,
whereas F1 and P, had the earliest heading and
maturity plants under the late sowing date. The first
cross recorded the tallest plants for P, under optimum
sowing date and Py under the late sowing date.
Meanwhile, both second and third crosses had the
tallest plants for P, under both sowing date,
respectively.

Regarding the number of spikes per plant, F; and
P1 in the first and third cross (Line 1 and Misr2)
showed the highest values under optimum and late
sowing dates, respectively, whereas the second cross
had the highest mean value for P, under both sowing
dates. P; recorded the highest number of kernels per
spike in the first cross under the two sowing dates,
whereas P, (Giza 171y and F; in the second cross under
both sowing date, while P, (Line3) under optimum
sowing date, P, and F» under late sowing date in the
third cross gave the highest number of kernels per
plant.

On the other hand, F; recorded the highest hundred
kernel weight in the first cross under both sowing
dates, P, and F3 in the second cross under both sowing
date. Meanwhile, F, in the third cross under both
sowing dates gave the highest 100- kernel weight.
Concerning grain yield, the first cross had the heaviest
grain yield for P, (Line 1) and P, (Line 2) under
optimum sowing date, P, under late sowing date,
meanwhile P, (Giza 171) and P (Line 2) were the
heaviest in the second cross under optimum sowing
date and P; (Line 2) under late sowing date. Also, in
the third cross, P2 (Line 3) recorded the highest grain
yield under both sowing dates

Obviously, it is noted that the optimum sowing
date had the highest effects for most investigated
traits, presenting the importance of optimum planting
date. Reduction was characterized for number of
spikes/plant, especially for F, and Fs in the three
crosses. Many researchers introduced some reasons
for these reductions may be due to the environmental
effect on forming tillers or spikes under late sowing
date.
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Table 2. Means (X) and variances (s?) for all the studied traits using five populations for the three bread wheat

crosses.
9 2 Statistical Optimum swing date Late sowing date
3 a arameter
s £ M . PR R R FR PP R R R
oh X 9500° 90.10° 9203® 9547° 97.66° 8920° 8527° 87.23° 8903 89.25°
: 52 055 085 059 4224 4773 12 11 11 3384 47.83
D.M X 147.60° 147.97% 147.68%® 149.40% 151.112 133.27% 136.272 134772 141.382 135.242
; 52 101 059 028 697 902 165 124 134 4922 57.24
o X g7 10550 10083 11092 10240 gg550  gogr 945t 8o.90°  8L14°
Crossi 52 254 2647 1566 29561 4216 1405 001 351 14185 23321
. a
bnel X 2060° 1743 1843% 2264° 2059% 1273 1070° 1172 1254 1209
Line2 52 1073 439 55 8494 10362 206 111 125 2993 3175
KIS X 5820° 5627 57.60° 48.63% 4223¢ 5447° 4153 4800° 5227° 51.32°
P 52 2741 142 1204 16655 21627 212 371 262 11228 13163
oW X 430° 493> 502 497% 7200  470° 435 453 473  481°
52 037 021 044 143 15 035 017 021 116 117
oy X 4977°  4810° 5152  44.98° 37.24° 32.77° 4577° 39.27° 3349°  22.95°
52 3363 1361 1832 3883 31356 46 667 503 13056 14157
. X 9020e 105008 97.00° 99.92° 97.94c 8520° 99.17° 92.18> 004  g1g3
52 099 09 145 2585 4176 113 145 113 3117 4594
DM X 147.97¢ 151.00% 15206 153:107 151.26% 136.10% 138.13% 1373'12 138.35% 137.842
52 059 097 019 1091 1549 12 109 112 3629 4436
X 10533 11633 11050 10363 11648 455 973  g408 8313 96120
Cross2 PH
Line 2 52 3092 223 1741 6934 9603 1885 1325 1142 8026 12377
x 1C;Ilza - X 17430 2220° 1982 2088° 1831° 11.23° 1457° 1290° 1341®  13.20%
52 55 575 1108 5735 5622 35 281 28 3014  40.72
KIS X 56.80¢ 7287°  6458° 69.24° 5446 42479 5897° 5072 71.91° 57.12°
P 52 2472 674 505 16493 23141 633 624 353 11588 157.96
oW X 500° 518" 486" 502 505  391° 505 448"  441°  510°
52 059 116 111 244 197 017 122 039 118 103
oy X 4813° 5937° 5379° 5181° 4360° 4563° 32.63° 39.32° 36.18"  29.07¢
52 1584 927 2387 40295 38873 755 445 461 8011 10106
ok X 10813 g700e 10200 10370 10362 10117 g370  g793c gg3n 9781
52 109 152 138 1966 27.86 159 152 11 12277 89.17
D.M X 155.13% 149.50° 152.472 153.24% 152.11% 140.13% 139.072 139.60% 139.792 139.832
: 52 120 088 205 1131 1551 115 172 118 14884 70.22
PH X 111.00*  99.17¢  105.08" 108.60®  112.66*  86.17° 95.00° 90.58"° 81.98¢  85.48°
Crossa 52 4034 1911 1702 38169 37343 1842 1552 1107 29118 2406
Mis2 X 2117° 1633  1890° 2135  21.15* 15.03° 10.07° 1255° 1353  13.42%
x 52 9018 471 5.9 90 781 865 213 389 4514 439
Line3 68.00%
KIS X 6120° 70070 6627° 5803 6184 6043 0000 gazpp  ga15h  70.49°
P 52 982 1358 7532 20313 2748 674 359 31 17906 159.34
oW X 200° 505" 408  630° 481  300° 441°  370° 445 404
52 022 08 012 473 498 015 028 011 271 185
oy X 2653 5280° 40.17° 3832 47.03° 2043' 4540° 37.42° 30.88° 33.02%
52 557 844 77 45539 44076 4887 866 1974 13696 128.26

Means in rows followed by the same letter (s) are not significantly differed (Duncan, 1955).
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Fig. 2: Reduction index (RI) for grain yield of five populations in the three studied crosses.

Reduction index (RI) for grain yield of the five
populations in the three crosses is illustrated in Fig.
(2). The (RI) was used as a parameter to provide a
measure of lateness tolerance based on minimization
of yield, losses under late sowing compared to
relatively optimum sowing date. Low Reduction index
(RI < 1) was recorded for P1and F1 populations, in the
three crosses, indicating that parents (Line 1, Line2
and Misr2) and F: had highest tolerance to late
planting. In this connection, many researchers
reported that there was a wide range of responses to
late sowing tolerance in bread wheat genotypes as
those reported by Abdel-Nour and Zakaria (2010),
Abdel-Nour (2011) and Abd-Allah and Amin (2013).
Scaling test and gene effects:

Scaling test estimates of the investigated traits in
the three crosses under the two sowing dates are
presented in Table (3). At least one of the estimated
values of C and D scaling test recorded significance in
all cases under both sowing dates except for 100-
kernel weight in the first cross under late sowing date,
second cross under optimum sowing date and number
of spikes/plant in the 2 and 3" crosses under late
sowing date. These significant scaling test values
indicated the existence of non-allelic interactions and
the importance of epistasis in the inheritance of these
traits (Mather and Jinks, 1982). These results are in
agreement with those obtained by Zaazaa et al.
(2012), Amin (2013), Abd-Allah and Amin (2013),
Hamam (2014), El-Hawary (2016), Al-Bakry et al.
(2017), kumar et al. (2017), Abd El-Rady (2018) and
Abd El-Hamid and Ghareeb (2018) for most traits.

Result of the five genetic parameter model
explained the nature of gene action under the two
sowing dates as shown in Tables (3). Results
indicated that the estimates of F, mean effects (m)
were highly significant for all the studied traits in the
three wheat crosses under the two sowing dates,
indicating that these traits are quantitatively inherited.
Similar results were obtained by Amin (2013), Abd-

Allah and Amin (2013), Hamam (2014), El-Hawary
(2016), Abd El-Rady (2018) and Abd El-Hamid and
Ghareeb (2018).

Additive gene effects (a) recorded positive and
highly significant values for days to heading and
number of spikes/plant in the first cross under both
sowing dates. Additive also was significant for plant
height, number of Kkernels/spike and 100-kernel
weight in the first cross under late sowing date, grain
yield/plant in the second cross under late sowing date,
days to heading, days to maturity and number of
spikes/plant in the third cross under both sowing dates
and plant height in the third cross under optimum
sowing date. These results indicated the great
importance of additive gene effects in the inheritance
of these traits and the ability to get further
improvement of these traits by selection, Whereas,
negative and highly significant estimates were
obtained for days to maturity in the first cross under
both sowing dates, plant height and 100-kernel weight
in the first cross under optimum sowing date, grain
yield/plant in the first cross under late sowing date, all
traits in the second cross under both sowing dates
except for 100-kernel weight under optimum sowing
date and grain yield/plant under late sowing date.
Meanwhile, number of kernels/spike, 100-kernel
weight and grain yield/plant in the third cross under
both sowing dates and plant height under late sowing
date. These results are in accordance with those
obtained by Amin (2013), Abd-Allah and Amin
(2013), Hamam (2014), El-Hawary (2016), Kumar et
al. (2017) Abd El-Rady (2018), Abd El-Hamid and
Ghareeb (2018) and Yassin and Ghareeb (2019)
whose reported that the additive gene effects mostly
recorded significant positive values for number of
spikes/plant, number of kernels/spike and grain
yield/plant while significant negative values were
detected for days to heading ,days to maturity, and
100- kernel weight.
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Table 3. Estimates of scaling test and gene effects of all the studied traits under optimum and late sowing date
for the three bread wheat crosses.

. Scaling test Genetic Components
Crosses Traits Treats
c D m a d aa dd
DH optimum  13.71%**  15.60%* 95.47** 1.95%* -8.13** -4.21%% 2.52
Late 7.19%* 4.47* 89.03** 1.97%* -1.78 2.15 -3.62
DM optimum  7.65%* 11.08%*  149.40%*  -0.68** 5.71%* -7.48%% 4.58*
Late 26.45%*  -11.35%%  141.38*%  -150%* 11.98%* 8.98%* -50.41%*
PH optimum  38.85%*  -1541*  110.92%*  -3.92%* 16.01%* 8.91* -72.34%%
Late 17.40%%  4376%*  89.00%*  4.25%* 26.27** 34.77%* -35.15%*
f_'lrr?:ixl Sp optimum  15.66%* -0.97 22.64%% 1.58%* 2.68 6.43%* -22.18%*
Line Late 3.29% -0.17 12.54%* 1.02%* 0.66 2.70% -4.62
KISP  optimum  -35.15%*  -42.81%%  48.63** 0.97 23.05%* 24.61%* -10.21
Late 17.08%* 4.74 52.27** 6.47** -0.31 12.62%* -16.45%
100-KW  optimum 0.59 4.00%* 4,97 -0.32%* -2.17%* -3.20%* 4 55%*
Late 0.83 071 4.73%* 0.18%* -0.33 - -
GY optimum  -20.98**  -38.89%%  44.98%* 0.83 25.01%* 24.09%* -23.88
late 2311%%  B5373%*  33.49%%  _650%* 31.97** 18.97%* -40.84%*
DH optimum  10.58%* -3.2 99.92%*%  -7.45%* 3.35% -11.00%*  -18.37**
late 11.34%* -7.18 95.04** -6.95** 6.65%* -7.22%* -24.70%*
DM optimum  13.18%* -0.08 153.07*%*%  -1.52%* 2.82%% -0.79 -17.67%*
late 4.77%* 0.24 138.35%*  -0.93** 0.55 -1.23 -6.04
PH optimum  -28.31*%*  36.81**  103.63**  -542%%  2067*%  -40.09%* 86.83%*
late 4350 30.38** 83.43%*%  -3.92%%  .27.33%%  .3533%* 98.50%*
Cross 2 sp optimum 4.25 -8.17%* 20.88%*  -2.38%* 6.16%* 1.39 -16.57%*
Line 2 x late 2.55 1.08 13.41%%  -1,93%* -0.03 - -
Gizal7ll — sp  optimum  18.64**  -49.78%*  69.24**  -830%*  36.31**  1070%*  -91.23%*
late 85.60%*  -15.83**  71.91%*  -872%* 25.30%* 7.40%* -135.36%*
100-KW  optimum 0.24 0.07 5.02%* -0.13 -0.21 - -
late 0.7 2.19%* 4.41%x -0.35%* -1.80%* -2.28%* 3.86%*
GY optimum 7.8 -36.33%%  5181%¥*  .563%* 22.97** 11.65* -38.04%*
late -12.33%*  .34.47%%  36.18%* 6.57%* 21.04%* 34.06%* -29.52%*
DH optimum  1567*%  11.95%%  103.70**  10.57** -0.92 15.78%* -4.96
late 32.48%* 8.39%* 98.32%* 8.00%* -6.11* 15.82%* -32.12%*
DM optimum  13.39%* 7.31%* 153.24**%  7.82%* 2.51%* 12.99%* -8.12%%
late 8.74%* 4.25 139.79%*  453%* 2.62 7.69%* -5.99
PH optimum  14.05% 26.31%%  108.60%*  5.92%* -15.20%* -3.37 16.35
late -34.43%* -3.12 81.98%*  -4.42%* -3.66 -12.49%* 41.76%*
ﬁr.?fzs )3(’ SP optimum  10.08%* 8.09% 21.35%%  2.42%* -3.56 1.12 -2.65
Line3 late 3.9 3.05 13.53%* 2.48%* -1.38 358 -1.13
K/SP  optimum  -31.68%* 0.03 58.03%*  -4.43%* -4.67 -14.17%* 42.28%*
late -0.27 25.41%* 64.15%*  -3.78%*  -16.98%% 24 55%* 34.23%*
100-KW  optimum  9.01** -1.40% 6.30%* -1.03%* 2.49%* 0.38 -13.88**
late 3.00%* 0.1 4.45%* -0.71%* 0.43 -0.98%* -3.87%*
Gy optimum  -6.41 32.16%* 38.32%%  13.13%%  2201%%  -48.77%* 51.42%*
late -26.15%* -4.53 30.88%*  -7.98%* -1.34 -17.30%* 28.82%*

DH: Days to heading, DM: days to maturity, PH: plant height, SP: number of spikes per plant, K/SP: number of
kernels per spike, KW: 100-kernel weight and GY: grain yield per plant
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Regarding the dominance gene effects (d),highly
significant and positive dominance estimates were
detecting in the first cross for plant height and grain
yield/plant under both sowing dates, in addition
number of kernels/spike under optimum sowing date
and days to maturity under late sowing date; in the
second cross for days to heading, number of
kernels/spike and grain yield/plant under both sowing
dates, also days to maturity, number of spikes/plant,
under optimum sowing date, days to maturity and 100-
kernel weight in the third cross under optimum sowing
date, while none trait showed positive significant
dominance in the third cross under the late sowings
date. On the other side, negative and significant or
highly significant dominance effects were recorded in
the first cross for days to heading, days to maturity and
100- kernel weight under optimum sowing date; while
in the second cross for plant height under both sowing
dates and 100- kernel weight under late sowing date,
in the third cross for plant height and grain yield/plant
under optimum sowing date, days to heading and
number of kernels per spike under late sowing date.
These attained results established the importance of
dominance gene effects in the inheritance of these
traits similar results were obtained by Abd-Allah and
Amin (2013), Hamam (2014) and lbrahim (2016).
Kumar et al. (2017), and Amin (2013).

With regard to additive x additive gene interaction
(aa) values in Tables (3) revealed positive and
significant or highly significant values in the first
cross for plant height, number of spikes/plant; number
of kernels/spikes and grain yield/plant under both
sowing dates, also days to maturity under late sowing
date, in the second cross for number of kernels/spikes
and grain yield under both sowing dates and the third
cross for days to heading and days to maturity under
both sowing dates. Therefore, selection for these traits
(having increasing genes) could be effective in early
generations for wheat breeding program. These results
were agreeing the findings of Abd-Allah and Amin
(2013), Hamam (2014), Kumar et al. (2017), Abd El-
Rady (2018) and Yassin and Ghareeb (2019).
Meanwhile, negative and highly significant values of
additive x additive gene action were obtained in the
first cross for days to heading, days to maturity and
100-kernel weight under optimum sowing date, the
second cross for days to heading, plant height under
both sowing dates, also 100-kernel weight under late
sowing date and in the third cross for number of
kernels/spike under both sowing dates, grain yield
under optimum sowing date, and plant height and100-
kernel weight under late sowing date. So, selection for
these traits will not be effective in the early
generations.

Dominance x dominance (dd) gene effects were
significant or highly significant and positive in the
first cross for days to maturity and 100-kernel weight
under optimum sowing date, in the second cross for
plant height under both sowing dates and 100-kernel
weight under late sowing date; in the third cross for

number of kernels/spike and grain yield under both
sowing dates, also plant height under late sowing date.
These results proved the importance of dominance x
dominance gene interaction in the genetic control of
these traits with delaying selection to later generation.
Significant or highly significant negative dominance
x dominance gene effects were attained in the first
cross for plant height under both sowing dates,
number of spikes/plant under optimum sowing date,
days to maturity, number of kernels per spike and
grain yield per plant under late sowing date, in the
second cross for days to heading, number of
kernels/spike and grain yield under both sowing dates,
also days to maturity, number of spikes/plant under
optimum sowing date, in the third cross for 100-kernel
weight under both sowing dates, days to maturity and
days to heading under optimum and late sowing date,
respectively. These results pointed to the gene effect
reduction in the expression of these traits that agreeing
mostly with those obtained by Hamam (2014), Kumar
et al. (2017) and Abd El-Rady (2018).

Results in Table (3) showed the type of epistasis
for the studied traits of the three crosses under both
sowing dates. Dominance (d) and dominance X
dominance (dd) gene effects recorded significant
values with different signs for all significant traits in
the three crosses under both sowing dates indicating
that these traits were controlled by duplicate epistasis,
however only days to heading in the third cross under
late sowing date had significant values with the same
sign for dominance (d) and dominance x dominance
(dd), indicated that the gene effects were controlled by
complementary epistasis.

This indicated that duplicate epistasis of greater
importance than complementary epistasis for most
studied traits, these findings are in harmony with those
previously obtained by Abd EI-Aty et al 2005 and Abd
El-Aty and Katta 2007.

Heritability and genetic advance:

Both broad and narrow-sense heritability and
genetic advance estimates are given in Tables 4.
Broad-sense heritability (hy?) includes different types
of genetic variances, whereas plant breeders concern
on narrow-sense heritability (hn?) which estimate the
additive portion of genetic variance. The h,? exhibited
values lower than hy? ones, then difference between
hy? and hy? confirm the involvement of the dominance
effect in the genetic constitution of these traits.
Estimates of (hy2) were high for the investigated traits
in the three crosses under both sowing dates and
ranged from 78.30 % for 100-kernel weight to 98.32%
days to heading and from 80.51 % for 100-kernel
weight to 97.29% for number of kernel/spike in the
first cross under optimum and late sowing date,
respectively. In the second cross, (hy?) ranged between
(62.66% for 100 kernel weight to 96.52% for grain
yield per plant under optimum sowing date and
36.23% for 100 kernel weight to 96.88% for days to
maturity under late sowing date. Meanwhile, hy?
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values in the third cross ranged from 86.18 % for
number of kernels per spike to 98.35% for grain yield
per plant and from 84.31% for grain yield per plant to

99.03% for days to maturity under optimum and late
sowing date, respectively.

Table 4. Genetic parameters of all the studied traits for the three bread wheat crosses under optimum and late

sowing dates

Genetic

Crosses  Treats D.H D.M Ph SP K/SP KW GY
parameters
optimum 2 9832 9118 9205 9264 8981 783 94.9
b
late 9668 9722 969 9537 9729 8081 956
Cross1  optimum 5787 6372 7389 6051 637 4353 3434
Line 1x hn?
Line2 late 7585 5938 9345 5145 6027  39.7 5353
optimum 1379 332 2939 7768 491 3886 8565
GA%
late 1301 994 2645 8571  40.63  37.94  67.19
optimum , 96.04 9379 681 8827 8815 6266  96.52
ho
late 9588  96.88 8819 921 9575  36.23 937
Cross 2 .
line 2 x  optimum 2 8942 7445  57.62 448 7489  29.75  46.37
(ii?zf late ' 7958 6322 8811 708 7215 2655  63.95
optimum 1007 417 1127 6595 3368 402  77.04
GA%
late 11.6 869 1958 777 2953 1834  47.76
optimum , 9301 8872 9374 9319 8618  89.75  98.35
ho
late 9883  99.03 948 9069 9763 925 8431
Cross3  optimum 7465 7037 5197 7169 7206  49.35  47.3
Misr2 x hn?
line3 late 5369 6807  60.06 7541  67.19  48.88  38.36
optimum 8.19 401 3474 8532 436 638  112.84
GA%
late 2294  17.8 4065 928 4195 7046  65.82

DH: Days to heading, DM: days to maturity, PH: plant height, SP: number of spikes per plant, K/SP: number of
kernels per spike, KW: 100-kernel weight and GY': grain yield per plant

Narrow sense heritability (h,?) values were
moderate in most traits ranged in the first cross
between 34.34% for grain yield per plant to 73.89%
for plant height and 39.70% for 100 kernel weight to
93.45% for plant height under optimum and late
sowing date, respectively. In the second cross the
values ranged from 29.75% for 100 kernel weight to
89.42% for days to heading and 26.55% for 100 kernel
weight to 88.11% for plant height under optimum and
late sowing date, respectively. In addition to the third
cross traits had values ranged from 47.13% for grain
yield per plant to 74.65% for days to heading and from
38.36% for grain yield per plant to 75.41% for number
of spikes per plant under optimum and late sowing
date, respectively. The results indicated that these
traits were greatly controlled by additive and non-
additive effects and there is effective amount of

heritable variation. Therefore, the selection for these
traits will be easier and low environmental influence.
These results are in line with El-Aref et al. (2011),
Amin (2013), Mohamed (2014), EI- Hawary (2016)
and Abd El-Rady (2018).

The expected genetic advance, as a percentage of
F2 (GA%) under the two sowing dates are shown in
(Tables 54). The results revealed that GA% estimates
under optimum sowing date ranged from 3.32% for
days to maturity in the first cross to 112.84 % for grain
yield/ plant in the third cross. Meanwhile, GA%
recorded values ranged from 9.94% for days to
maturity in the first cross to 92.80% for number of
spikes/ plant in the third cross under late sowing date.
The highest estimates of expected genetic advance
(GA%) coupled with highest narrow sense heritability
(hn?) were detected for number of spikes/plant and
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number of kernels/spike in the first and third cross
and grain yield/plant and number of spikes/plant in the
second cross under optimum sowing date. Whereas,
under late sowing date, number of kernels/spike and
grain vyield/plant in the first cross, number of
spikes/plant and grain yield/plant in the second cross
and number of spikes/plant and number of
kernels/spike in the third cross.

These results indicated the existence amount of
variability for the improvement of those traits and the
selection could be effective in the optimum
populations. Then, selection for number of
spikes/plant, number of kernels/spike and grain
yield/plant in these studied populations help breeders
in selecting of high yielding genotypes especially,
under optimum sowing date.

Generally, most of the obtained parameters
detected the first cross (Line 1 x Line 2) and third
cross (Misr2 x Line3) for planting under optimum
sowing date, Meanwhile, the first (Line 1 x Line 2)
and second (Line2 x Giza 171) crosses were detected
for planting under late date, which had the lowest
values for reduction index (RI) under the late sowing
date. Therefore, breeding programs establishment for
genetic improvement of bread wheat could be include
the crosses (Line 1 x Line 2) and (Line2 x Giza 171)
for late sowing date.
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