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ABSTRACT

Generation mean analysis was used for study the natural of gene action for yield and its attributes in
three hybrids of bread wheat. Six parameters model was used in three wheat hybrids under optimum sown (251
Nov.) and late sown (25" Des.). The results cleared that the (P1, P2, F1, F2, Bc1 and Bcz) mean values in late
sown were less than the optimum sown for all the studied characters in all hybrids. Heterosis relative to mid-
parent and better parent was found to be positive significant for most characters under optimum and late sowing
dates. The relative consequence of additive and dominance effects differed for characters in all hybrids under
two different sowing dates. Dominance effects were generally more important than additive for most the
characters in all the studied hybrids under two different sowing dates. Indicating, dominant genes played a part
in the inheritance of these characters. Dominance x dominance gene interaction was higher in extent than
additive x additive and additive x dominance in most the studied traits under two different sowing dates.
Indicating, these traits are greatly influenced by dominance and dominance x dominance interactions. Therefore,
it is approved to lateness selection to late segregating generations to raise homozygosity. Heritability values in
narrow sense were moderate to high for all the studied characters in all hybrids under two different sowing dates.
Genetic advance was ranged from low to high for all characters in all hybrids under two different sowing dates.
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INTRODUCTION

Wheat (Triticum aestivum L..) is the main food and the
fist cereal crop in Egypt. It is commonly considered as
strategically substantial crop worldwide. The performance of
a genotype in suitable environment is more important for
wheat cultivation and improvement (Li et al., 2006). One of
the main aims of wheat breeders is producing and
improvement cultivars capable of expressing their maximum
potential yield and quality in diverse environments.
Temperature is the important factor for good production of
wheat especially during the grain filling period in many parts
of the world. In Egypt, the optimum wheat sowing date in the
second half of November. In the event of delaying planting
during December, it may extend to mid-January. This
condition causes great losses of yield due to high temperature
during grain filling period. (Hamam, 2014; Raza et al., 2018;
Abd El-Rady, 2018; Abdallah et al., 2019 and Koubisy 2019),
had confirmed the damaging effect of heat on wheat.

Generation mean analysis is one of the most important
technique used in plant breeding for estimating main gene
effects (additive and dominance) and their interactions
(additive x additive, additive x dominance, dominance x
dominance) extended the pattern inheritance of yield and
other plant related traits. In the earlier study, Gamble (1962)
clearly the function of epistatic gene action (both additive and
dominance gene action) in controlling the heredity of yield
and yield related characters in different crops.
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Estimations of heritability alone do not extend an
concept about the expected gain in the next generation, but
considered in coupling with estimates of selection response
or genetic advance. The utility of heritability therefore
increase when used to calculate selection restraint, which
indicates the degree of gain in a traits obtained under
particular selection pressure (Abd EI-Aty et al., 2005;
Dawwam et al., 2010; Kumar et al., 2017; Kumar et al.,
2020 and Ahmed, 2021).

The aim is to study the nature of gene action,
heterosis, inbreeding depression, heritability, as well as
predicted genetic advance in three wheat hybrids under
optimum and late sowing dates.

MATERIALS AND METHODS

Experimental procedures

This study was executed at the Experimental Farm,
Faculty of Agriculture, Menoufia University, Shebin El-
Kom, Egypt (latitude 30°31°39”°N, longitude 31°04°03"’E)
during the three growing successive seasons of 2018/2019,
2019/2020 and 2020/2021. Six bread wheat cultivars
representing a wide range of variety for several agronomic
characters were used as parents to obtain the next three
hybrids i.e Sakha 94 x Gemmeiza 12, Sids 14 x Gemmeiza
10 and Giza 171 x Misr 3. The origin and pedigree of these
bread wheat genotypes are presented in Table 1.
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Table 1. The name, pedigree and origin of the studied parental varieties.

Hybrids Name Pedigree Origin
Sakha-94 (P1)  OPATA/RAYON/KAUZCMBW90Y3180-0TOM-3Y-0L0M-010Y-10M-015Y-0Y-0AP0S. __ Egypt

H1 . OTUS/3/SARAITHBIVEE
Gemmeiza-12 (P2) CMSS97Y00227S-5y-010M-010Y-010M-2Y-1M-0Y-OGM Egypt
o Sids-14(P1) KAUZ"S"/ITSI/SNB"S".ICW94-0375-4AP-2AP-030AP-OAPS-3AP. Egypt
Gemmeiza-10 (P2) MAY A747S”/ON//1160-147/3/BB/GLL/4/CHAT"S"/5/CROW"S . Egypt
H3 Giza 171(P1) Sakha 93/ Gemmeiza 9 Gz 2003-101-1Gz- 4Gz-1Gz-2Gz-0Gz Egypt
Misr 3 (P2) CGSS 05 BOO123T-099T-0PY-099M-099NJ-6WGY-0B-0BGY-0GZ. Egypt

In 2018/2019 season, the parents were crossed to
produce F; hybrid grains. In 2019/2020 season, the F;
hybrid plants were backcrossed to their parents to produce
Bci (Fix P1) and Be; (Fix P2) generations. In addition F;
plants were selfed to produce F, grains. In 2020/2021
season, the parents of each cross as well as their, F1, F2, Bcy
and Bc; populations were sown under two different sowing

dates i.e optimum (25" November) and late (25"
December) in a randomized complete block design with
three replications in rows and 10cm between plants within
rows. All the recommended agricultural practices have been
applied to both planting dates. Minimum and maximum
temperature at Shebin EI-Kom for growing season
2020/2021 are presented in Table 2.

Table 2. Maximum and minimum air temperatures (°c) at Shebin EI-Kom during 2020/2021 winter season.

Month Nov. 2020 Dec. 2020 Jan. 2021 Feb. 2021 Mar. 2021 Apr. 2021 May. 2021
Max. 27 21 17 22 25 31 35
Min. 15 11 9 13 16 20 22

Studied traits

Data were recorded on 30 individual plants for non-
segregate populations (P1, P2 and F1) and 120 plants for Bcy
and Bc; and 300 plants for F, population. The traits studied
were heading date (day), maturity date (day), plant height
(cm), number of spikes per plant, number of grains per
spike, grain yield per spike (g), 1000-grain weight (g) and
grain yield per plant (g).
Statistical procedures

The t-test was used to test the presence of genetic
variance between parental means. Statistical procedures
used herein would only be calculated if the F, genetic
variance was found to be significant. A one tail (F) ratio was
used to test the pressence of genetic variance within the F,
population. Heterosis (H), was expressed as percent
decrease or increase of the F1 mean performance above the
respective better parent and mid-parent. Inbreeding
depression (l.d) was measured as the average percent
decrease of the F, from the F;. Potence ratio was also
calculated according to Peter and Frey (1966). Nature of
gene action was computed according to the relationships
illustrated by Gamble (1962). In this procedure the means of
the six populations of each hybrid were used to assessment
six parameters of gene action. A test of significance of these
parameters was conducted by the t-test. Heritability was
estimated in both broad and narrow senses for F, generation,
according to Mather's procedure (1949). The predicted
genetic advance under selection (AG) was computed
according to Johnson et al. (1955). This genetic gain
represented as percentage of the F, mean performance was
also acquired following Miller et al. (1958).

RESULTS AND DISCUSSION

Mean performance

Generation means of the six populations, t-test and
f-test for all studied characters in the three hybrids under
optimum (O) and late sowing (L) their revealed highly

significant differences between parental genotypes for all
the studied characters in all hybrids except, grain yield per
spike in the 2" hybrid under late sown and in the 3" hybrid
under two different sowing dates, indicating the presence of
insufficient genetic variability. Genetic variance among F»
plants was found to be significant for all characters under
two different sowing dates. Indicates the presence of
genetic variability was enough among genotypes.

Table 3, presented means and variances of (P1, Py,
F1, F2, Bcar and Bcy) for eight traits in each hybrid under
optimum and late sowing dates. For heading date and
maturity date the F1 means were earlier than the mean of
their parents for all hybrids under two different sowing
dates. Results provide evidence for the presence of heterotic
effects and over-dominance gene effects and the decreasing
alleles were more frequent than increasing ones in the
genetic rule of wheat genotypes. The F1 means surpassed the
better parent for traits in the three hybrids under two
different sowing dates except, plant height and grain yield
per spike in the 1% hybrid under two different sowing dates,
plant height in the 3 hybrid under two different sowing
dates, number of spikes per plant and grain yield per plant
in the 2" hybrid under two different sowing dates, indicating
the presence of over-dominance. Mean performance values
of the F, population were less than F; for all the characters
in the three wheat hybrids under two different sowing dates,
except grain yield per spike in all hybrids under two
different sowing dates, indicating the presence of inbreeding
depression and transgressive segregations. However, mean
values of Bci and Bc; in all hybrids were varied and each
tended toward the mean of its recurrent parent. Generally,
the P1, P2, F1, F2, Bci and Be, mean values under late sown
were less than the optimum sown for all studied traits,
revealing the importance of planting under the optimum
date. Pervious results are in a line with those obtained by
Amin (2013), Hamam (2014), Raza et al. (2018) and
Abdallah et al. (2019).
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Table 3. Mean and variance for all studied traits in the three wheat hybrids (1) Sakha 94 x Gemmeiza 12, (1) Sids
14 x Gemmeiza 10 and (111) Giza 171 x Misr 3 under optimum (O) and late (L) sowing dates.
optimum sowing Late Sowing
P1 P2 F1 F2 BC:. BGC: Py P2 F1 F2 BC: BC:
100.34 95.03 93.82 96.86 99.08 92.65 97.14 9322 9156 9235 9413 89.76

characters Hybrid  Statistic

H1 s) 1023 922 1122 4623 3325 3023 964 756 463 37.85 2564 2263

1) Heading X 9514 9731 90.66 9276 9141 9604 8911 9266 8743 9103 86.75 93.12
date (day) $2 956 1103 847 6623 4423 3872 1278 1422 1246 7923 6023 4235
H3 X 10219 10012 9843 10345 10507 10387 9802 9576 9311 97.85 10243 99.33

S2 1075 963 866 8657 5623 4935 1645 1863 1556 8756 60.18 5245

H1 X 156.87 152.34 14582 14325 14867 14525 147.11 14356 13827 140.63 14547 140.18

$2 543 723 603 2223 1212 1745 763 623 378 2868 1957 1753

IMaturity X 149.22 157.36 148.06 144.67 147.14 154.33 13386 136.72 13165 134.35 13507 138.18
date (day) $2 433 544 823 2545 1763 1478 867 945 786 3106 2212 19.07
H3 X 15201 149.03 14461 147.14 15003 148.33 14103 13841 136.76 139.44 14306 140.56

S2 1903 2103 1703 9224 5105 70.86 7.86 874 563 3245 2156 19.53

H1 X 11433 11604 11547 102.38 107.82 11307 11014 11312 112.44 98.64 10563 11152

s 733 831 523 3245 2145 1926 1154 956 678 4136 3025 21.15

ﬁlip'hat”t Ho X 108.11 107.26 10456 97.32 106.48 109.15 10408 9945 97.38 9564 100.05 10347
(Cn?) 2 634 1075 516 4453 2458 3317 1082 1302 963 5608 3645 33.06
H3 X 111.82 109.78 11343 110.02 114.03 112.34 107.34 10465 109.13 106.14 112.06 110.13

s» 1256 1836 1563 6256 4212 3945 956 855 678 3956 27.06 2563

H1 X 1254 808 1301 1003 1104 1085 902 633 976 708 816 7.78

NG of s 375 434 178 1926 1463 934 244 375 253 1547 923 1045

0.0 —

Sgikesper Ho X 1225 912 1002 888 953 822 933 70l 858 767 802 645
olant $2 647 578 312 1867 1278 1154 723 578 467 1934 1423 12.08
H3 X 978 1156 1276 1014 1097 1108 834 911 1134 733 0985 862

) 745 866 985 3644 2703 2074 436 312 645 2256 1645 1256

1 X 7477 67.74 8164 7245 6975 7312 6211 5461 7345 6875 6687 59.65

sp  5L03 5832 4923 22345 10576 176.23 47.62 5267 3648 219.25 107.23 165.87

SZa'i\'nos' 0; Ho v 7512 6408 79.64 6123 7314 7865 6653 5364 6831 57.14 6137 69.81
gpike P Sp 5581 4561 4135 17865 10102 14437 5823 6532 64.32 21645 122.45 167.35
H3 v 79.66 7482 80.05 77.06 8134 7818 6623 6354 6942 7066 67.03 68.44

S») 3323 3656 2645 99.36 7466 59.76 1833 2075 2145 9456 60.23 67.33

1 X 417 388 299 337 266 308 324 247 266 302 233 289

< 088 111 075 402 178 356 041 032 023 213 165 102

G?E%a'gr H o X 278 211 366 402 245 203 222 199 287 312 213 186
é’pike"(’g) 52 132 098 223 611 433 377 088 203 084 611 388 488
H3 X 445 417 451 512 318 289 336 311 351 378 218 202

52 247 303 223 911 566 633 163 105 098 503 402 244

H1 X 5542 5275 57.63 49.86 4862 5174 4938 4565 5347 4656 44.89 50.15

s» 1423 1068 863 4863 2456 3675 1368 1123 1523 4689 3245 2865

72;200' Ho X 59.76 5298 6143 51.08 5522 4966 5311 4935 5521 47.63 5073 48.78
aeight @ sp 1252 1061 978 3823 2845 2315 1067 1581 1352 4514 3547 25.12
H3 X 4822 4644 5123 4977 5067 4735 4456 4246 4606 4344 4533 43.15

< 846 642 455 4212 3345 2056 7.23 956 7.1 4223 2678 2846

1 X 2656 2406 27.31 2333 2276 2467 2385 2064 2481 1976 2136 1857

sp 1302 1045 907 5245 2874 3715 11.35 1035 911 6656 3847 41.26

B?Eﬁjra";r o X 31.06 2546 2864 2135 2464 2282 2433 2167 2385 1987 2257 20.86
glam(g) sp 2735 2412 1823 7815 5574 5209 2463 2212 1963 7147 4531 53.23
H3 X 2803 2679 3222 2534 3075 27.08 2456 2247 2631 2367 2712 2502

sp 1256 1486 1233 7256 4423 4753 11.34 1402 1603 5715 3302 4211

Gene action interaction for all studied traits in all the studied hybrids. It

Testing for non-allelic interaction (A, B and C) s valuable to remind that at least one of the A, B and C tests
together with the six parameters model and type of epistasis ~ was significant for the former traits, indicating the
was done. The results revealed the existence of non-allelic
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sufficiency of the six-parameters model to dissect the type
of gene action controlling the trait in these hybrids.

Estimates of the six parameters i.e F, mean (m),
additive (a), dominance (d), additive x additive (aa),
additive x dominance (ad) and dominance x dominance (dd)
are given in Table 4. The estimated mean effect parameter
(m) was found to be highly significant. First, it is clear that
all studied characters were quantitatively inherited. The
same results were obtained by Abd El-Aty et al. (2005),
Dawwam et al. (2010) and Koubisy (2019).

Additive gene effects (a) was significant positive for
heading date in the 1%t hybrid under optimum sowing date
and the 1%t and 3 hybrids under late sowing date, maturity
date in the 1%t and 2" hybrids under two different sowing
dates, plant height in the 3 hybrid under two different
sowing dates, number of spikes per plant in the 2" hybrid
under two different sowing dates, number of grains per spike
in the 3 hybrid under optimum sowing date and the 1%
hybrid under late sown, grain yield per spike in the 2™
hybrid under optimum sown, 1000- grain weight in the 2"
and 3" hybrids under two different sowing dates and grain
yield per plant in the 2™ and 3 hybrids under optimum
sowing and all hybrids under late sowing.

Also, additive gene effects (a) was negative
significant for heading date and maturity date in the 2"
hybrid under two different sowing dates, plant height in the
1t and 2" hybrids under two different sowing dates.
Subsequently, phenotypic selection was more effective for
improving earliness and shortness traits in these hybrids.
Similar results were reported by Hamam (2014), EI-Hawary
(2016) and Koubisy (2019).

Dominance gene effect (d) was positive significant
for heading date in the 3 hybrid under late sowing date,
maturity date in the 1% and 2™ hybrids under optimum
sowing date and the 2™ and 3" hybrids under late sowing
date, plant height in all hybrids under two different sowing
dates, number of spikes per plant in the 1%t and 3 hybrids
under two different sowing dates, number of grains per spike
in the 2" and 3" hybrids under optimum sown and the 2"
hybrid under late sown, 1000- grain weight in the 1% and 2"
hybrids under optimum sown and all hybrids under late
sowing and grain yield per plant in the 2" and 3 hybrids
under two different sowing dates. Meanwhile, negative
significant effects were listed for heading date in the 1%
hybrid under optimum sowing and the 1%t and 2™ hybrids
under late sowing date, number of grains per spike in the 1%
and 2™ hybrids under late sowing date and grain yield per
spike in all hybrids under two different sowing dates.
Results clear that the great prominence of the dominance
gene effects in the inheritance of these characters. Negative
sign for dominance influence indicates that the alleles
accountable of less value for these characters were dominant
over the alleles controlling high value. Abd El-Rady (2018)
recorded a negative sign for dominance for 1000- grain
weight under late sown.

The type of epistatic gene effects additive x additive
(aa) were found to be significant and positive for heading
date in the 3 hybrid under late sown, maturity date and
plant height in all hybrids under two different sowing dates,
number of spikes per plant in the 1%t and 3" hybrids under
both sowing dates, number of grains per spike in the 2" and
3 hybrids under optimum sowing date and the 2" cross

under late sowing date, 1000-grain weight in the 2" hybrid
under optimum sown and the 1 and 2" hybrids under late
sowing and grain yield per plant in the 2" and 3 hybrids
under two different sowing dates, reporting that these
characters have rising genes and selection for refinement
could be efficient. Results are a line in with Koubisy (2019)
and Abd El-Rady (2018). On the other hand, significant and
negative values of additive x additive gene effects were
reported for heading date in the 1% hybrid under optimum
sowing, number of grains per spike in the 1% and 3 hybrids
under late sowing and grain yield per spike in all hybrids
under two different sowing dates. Negative additive x
additive gene influence were recorded for days to heading
and number of spikes per plant (Hamam 2014).

For additive x dominance (ad) type of epistatic gene
effects, significant and positive were found for heading date
and maturity date in the 1% hybrid under optimum sowing
and in the 1% and 3" hybrids under late sowing, number of
spikes per plant in the 3™ hybrid under late sowing, number
of grains per spike in the 1% hybrid under late sowing, 1000-
grain weight in the 2" and 3™ hybrids under optimum
sowing and grain yield per plant in the 3 hybrid under
optimum sowing. Additive x dominance resort to segregate
in the next generations, it would be better to retard selection
to later generations to increase homozygosity. Results are in
a line with those obtained by Hamam (2014), Abd EI-Rady
(2018) and Koubisy (2019).

However, significant and negative additive x
dominance were found for heading date and maturity date
in the 2" hybrid under both sowing dates, plant height in the
1%tand 2™ hybrids under two different swing dates, number
of spikes per plant, grain yield per spike and 1000-grain
weight in the 1% hybrid under optimum and late swing dates,
number of grains per spike in the 1%t and 2™ hybrids under
optimum sowing and the 2™ and 3 hybrids under late
sowing and grain yield per plant in the 1% hybrid under
optimum sowing. Results cleared that the inheritance of
these characters were efficient by recurrence influence of
epistatic gene.

Dominance x dominance (dd) interactions were
significant and positive for heading date in the 1% hybrid
under late sowing date, number of spikes per plant in the 2"
hybrid under two different sowing dates, number of grains
per spike in the 1% hybrid under optimum sowing and the 1%
and 3" hybrids under late sowing, grain yield per spike in all
hybrids under two different sowing dates, 1000-grain
weight in the 1 and

2" hybrids under optimum sowing date and the 1%
hybrid under late sowing date and grain yield per plant in
the 1%t and 2" hybrids under optimum sowing date and the
1% hybrid only under late sowing date. Results confirmed
that the importance of dominance x dominance gene action
in the genetic system controlling these traits so, selection
should be efficient in delayed generations. Negative and
significant of dominance x dominance interactions were
obtained for heading date in the 3 hybrid under two
different sowing dates, maturity date in all hybrids under
two different sowing dates except the 1% hybrid under
optimum sown, plant height in all hybrids under two
different sowing dates, number of spikes per plant in the 3™
hybrid under late sowing, number of grains per spike in the
2" and 3" hybrids under optimum sowing and the 2™ hybrid
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under late sowing and grain yield per plant in the 3 hybrid
only under two different sowing dates, indicating their
reducing effect in the expression of these traits and there is

no breeding importance in proceeding generations. Previous
results are in convention with those acquired by Abd EI-
Rady (2018), Koubisy (2019) and Ahmad (2021).

Table 4. Gene action parameters in the three wheat hybrids under optimum (O) and late (L) sowing dates.

Sowing

Gene action parameters

characters dates s Hybrid m a q aa = dd
AL 96.86"* 6.43%* 784 3.98* 377 353
0 H2 92.76%* 4,63%* 171 3.86 355% 499
1) Heading H3  103.45** 1.20 135 4.08 0.16 22.79%*
date (day) AL 92.35%* 437 524> 162 241% 7.32%
L H2 91.03** 6.37%* 7.84%* 438 459% 127
H3 97.85%* 3.10%* 8.34%* 12.12% 1.97* -35.64%*
HL  143.25%* 3.427* 6.05* 14 84 1.15% 183
0 H2  14467% 7.19%* 10.03%* 24.06%* 3.12% 24, 50%*
2)Maturity H3  147.14% 1.70% 225 8.16%* 021 14.62%*
date (day) HL 14063 5.20%% 172 8.78%* 350% 1287
L H2  134.35% 311+ 5.46%* 9.10%* -1.68% 21.72%*
H3  139.44%* 2.50%* 6.52%% 9.48%* 1.19* 23.76%*
HL 10238 5.25%% 32.55%* 32.26%* 439 12.73%
o H2 97.32%* 2.67%* 38.85%* 41.98** 3.09%* 48.75%*
3) Plant H3  110.02** 1.69% 15.29%* 12.66%* 0.67 -16.94%*
height (cm) AL 98.64%* 5.80%* 40.55* 39.74%* 440" 25.90%
L H2 95.64%* -3.40%% 20.09%* 24.48%* 5.74% -33.23%*
H3  106.14** 1.93%* 22.95%* 19.82%* 058 -33.95%*
AL 10.03* 0.19 6.36%* 3.66%* 2.04% 20.80
4 No of o H2 8.88** 1.31% -0.68 0.02 026 5.93%*
<hikes per H3 10.14%* -0.11 5.63** 3.54* 0.78 078
et AL 7.08%* 0.38 5.64%% 3.56%* 0.96* 057
L H2 7.67%* 1.57%* 133 174 041 6.30%*
H3 7.33%% 1.23% 10.23%* 7.62%* 1.62%* 4,43
AL 72.45%% 337* 6.33 4,06 5.88% 2411
5 No. of o H2 61.23** 551%* 68.70%* 58.66™* -11.03%* 63.76%*
wrains per H3 77.06%* 3.16%* 13.61%* 10.80%* 0.74 -15.06%*
spike H1 68.75%* 7.00%% 6.87* 21.96% 347 32.54%*
L H2 57.14%* -8.44%* 42,03 33.80%* -14.88%* -39.37%*
H3 70.66** 141 -7.16% 11.70%* 2.75% 9.37*
AL 3377 0.42% 3.04%* 2,00 057 455%*
6) Grain 0 H2 4.02%* 0.42* -5.89%* 7110 0.08 10.35%*
) H3 5.10%* 0.29 -8.14%* 8347+ 0.15 13.84%*
yield per AL 3.02%* 056+ 184 164% 0.95%* 2.23%*
spike (9) L H2 3.12%* 027 -3.74%* -4.50%* 0.15 6.47%
H3 3.78%* 0.16 -6.45%* 6.72%* 0.04 11.81%
AL 49.86%* 31207 4.83%* 128 2.46% 21.43%
7 1000- 0 H2 51.08%* 5.56%* 10.50%* 5.44%% 2.17%* 20.40%*
000 H3 49.77%* 3.32%* 0.86 -3.04 2.43% 412
Grain weight H1 46.56%* 5.26%* 9.79%* 3.84% 713 8.05%
© L H2 47.63%* 1.95%* 12.48%* 8.50%* 0.07 536
H3 43 447 2.18%* 5.75%* 3.20 113 -1.02
AL 23.33%* 1917 354 154 3.16% 8.84%
&) Grain 0 H2 21.35%* 1.82% 9.90%* 9.52%* -0.98 9.36*
Jield per H3 25.34%% 3.67** 19.11% 14.30%* 3.05%* -10.70*
It A1 19.76™* 2.79%* 3.38 0.82 118 1343*
L H2 19.87** 1.71* 8.23%* 7.38%* 0.38 054
H3 23.67** 2.10%* 12.39%* 9.60%* 1.05 14.23%*

*, ** Significant at 0.05 and 0.01 probability levels, Respectively.

Heterosis, inbreeding depression and potence ratio
Percentages of heterosis over mid-parents and better
parent, inbreeding depression, and potence ratio under
optimum and late sowing dates are given in Table 5.
Negative and significant heterosis over mid and better
parent values were obtained for heading date and maturity date
in all hybrids under two different sowing dates, plant height in
the 2™ hybrid under two different sowing dates and grain yield
per plant in the 1% hybrid under optimum sown. Also, number
of spikes per plant in the 2™ hybrid under optimum sown, grain

yield per spike in the 1% hybrid under late sowing and grain
yield per plant in the 2™ hybrid under optimum sowing were
found to be negative significant heterosis over better parent
only. However, positive significant heterosis over mid parent
values were found for plant height in the 3 hybrid and number
of spikes per plant in the 1% and 3 hybrids under two different
sowing dates, number of grains per spike and 1000-grain
weight in all hybrids under two different sowing dates, grain
yield per spike in the 2 hybrid and grain yield per plant in the
1%and 3 hybrids under two different sowing dates. Moreover,
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positive and significant heterosis over better parent were found
for plant height in the 1% and 3" hybrids under two different
sowing dates, number of spikes per plant in the 1% and 3
hybrids on late sowing, number of grains per spike in all
hybrids under optimum sown and the 1% and 3" hybrids on late
sowing, grain yield per plant in the 2" hybrid under two

different sowing dates, 1000-grian weight in all hybrids under
two different sowing dates and grain yield per plant in the 3¢
hybrid only under two different sowing dates. Also, Abd El-
Aty et al. (2005), Hamam (2014), Koubisy (2019) and Kumar
et al. (2020) found that significant positive heterosis effects
relative to mid parent and better parent.

Table 5. Heterosis(%6), inbreeding depression (%) and potence ratio, in all the studied hybrids under optimum (O)

and late (L) sowing dates.

Sowing . Heterosis % Inbreeding Potence
characters dates Hybrid MP BP depression % ratio
H1 -3.95** -1.27 -3.24** 1.45
o] H2 -5.78** -4.71%* -2.32%* 5.12
1) Heading date H3 -2.69** -1.68* -5.10** 2.63
(day) H1 -3.80** -1.78** -0.86 1.85
L H2 -3.80** -1.88* -4.12%* 1.95
H3 -3.90** -2.76* -5.09** 3.34
H1 -5.68** -4.28** 1.76** 3.87
(0] H2 -3.41%* -0.77* 2.29** 1.28
2)Maturity date H3 -3.92* -2.96** -1.75%* 3.96
(day) H1 -4.86%* -3.68** 171 398
L H2 -2.69** -1.65** -2.05** 2.55
H3 -2.25** -1.19* -1.96** 2.25
H1 0.250 6.79** 11.33** -0.04
. o] H2 -2.90** -2.52%* 6.92** 7.35
f’c)n':)'a”t height H3 2.37* 3.33% 301+ 257
H1 0.730 4.75** 12.27*+* -0.18
L H2 -4.31%* -2.08* 1.78* 1.89
H3 2.95** 4.28** 2.74** -2.33
H1 26.18** 3.74 22.91** 121
o] H2 -6.22 -18.20** 11.37** -0.42
4) No .of spikes per H3 19.58** 10.38 20.53** 2.35
plant H1 27.16** 8.20* 27.45%* 155
L H2 5.02 -8.04 10.61* 0.35
H3 29.97** 24.47** 35.36** 6.79
H1 14.57** 9.18** 11.25%* 2.95
. (0] H2 14.42** 6.02** 23.11** 1.82
) 140- of grains per H3 3.63* 12.69** 3.74%* 0.45
P H1 25.85** 18.25** 6.39** 4.02
L H2 13.68** 2.67 16.35** 127
H3 6.98** 4.82** -1.78 3.37
H1 -25.71** -28.29** -12.71* -1.14
(0] H2 49.69** 31.65** -9.84 192
6) Grain yield per H3 4.64 1.34 -13.53* 143
spike (g) H1 6.83 -17.90%* -13.53** 051
L H2 36.34* 29.27* -8.71 6.65
H3 8.50 4.46 -7.69 2.20
H1 6.55** 3.98** 13.48** 2.65
(0] H2 8.97** 2.79* 16.84** 1.49
7) 1000. Grain H3 8.24** 6.24** 2.85** 4.38
weight (g) H1 12.53%* 8.28%* 12.92%* 3.19
L H2 7.76** 3.95* 13.73** 211
H3 5.86** 3.36* 5.68** 242
H1 7.90* 2.82 14.57** 1.60
(6] H2 1.34 -37.06** 25.45** 0.02
8) Grain yield per H3 17.54** 14.94** 21.35** 7.75
plant(g) H1 11.53** 403 20.35%* 1.59
L H2 3.69 -1.97 16.68** 0.64
H3 11.88** 7.13* 10.03** 2.67

*, ** Significant at 0.05 and 0.01 probability levels, Respectively.

Inbreeding depression (I.d) measured as reduction in
performance of F, generation relative to F; is given in Table 5.

Results showed significant positive inbreeding
depression values for all traits under two different sowing
dates, except heading date and grain yield per spike in all
hybrids under two different sowing dates, maturity date in the
3 hybrid under optimum sowing and all hybrids under late
sowing and number of grains per spike in the 3 hybrid under
late sowing only. These results are predictable because the
term of heterosis in F1 will be decreased in F, generation due

to selfing and beginning homozygosity. Similar results were
obtained by El-Hawary (2016) and Kumar et al. (2017).
Potence ratio values refers to over dominance in all
hybrids under both sowing dates for most studied characters,
where its values exceeded unity. Meanwhile, potence ration
values for plant height in the 1% and 3" hybrids, number of
spikes per plant in the 2™ hybrid, grain yield per spike in the
1% hybrid and grain yield per plant in the 2" hybrid under
two different sowing dates and number of grains per spike
in the 3" hybrid under optimum sowing only were less than
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unity, indicating partial dominance for these traits. Previous
results were harmony with those procured by Abd-El-Aty
and Katta (2007), Dawwam et al. (2010), Hamam (2014)
and Koubisy (2019).
Heritability and genetic advance

Heritability assessment in broad and narrow-senses
and genetic advance are given in Table 6.

Table 6. Heritability estimates and genetic advance
expressed as a percent of the F2 mean (Ag %)
for all studied traits in the three hybrids under
optimum (O) and late (L) sowing dates.

Heritability %

Sowing

Characters dates Hybrid Broad Narrow Ag%
sense  sense

H1 7788 6268 9.06

(0] H2 85.37 7475 1351

1) Heading H3 88.82 78.04 1445

date (day) H1 80.77 7247 995

L H2 83.39 7053 1421

H3 80.72 7136 14.05

H1 71.97 66.98 454

0 H2 7642 7265 523

2)Maturity H3 7936 6783 9.12

date (day) H1 7949 7064 554

L H2 72.12 6738 575

H3 77.16 7337 6.17

H1 78.56 7455 854

3) Plant 0 H2 8334 7031 993

height (cm) H3 7519 6961 1031

H1 77.53 75.72  10.17

L H2 80.11 76.05 12.27

H3 79.02 6681 815

H1 8292 7555 68.09

4)No of 0 H2 7255 6974 69.90

spikés per H3 76.25 68.91 8451

plant H1 81.21 7278 83.29

L H2 69.53 6396 75.55

H3 79.42 7141  95.32

H1 76.34 7380 31.36

5) No. of O H2 73.36 62.64 28.16

grains per H3 6771 6471 1724

spike H1 79.21 7543 3347

L H2 7106 66.11 35.06

H3 78.66 65.10 18.45

H1 77.28 67.16 82.32

6) Grain (6] H2 75.28 6743 8541

vield per H3 71.71 68.38 83.04

spike (g) H1 84.97 7465 7431

L H2 79.54 56.62 9242

H3 75.74 7157 87.47

H1 77.01 73.92 21.29

(6] H2 71.31 65.03 16.22

Y)giz?iao H3 84.62 7177 19.27

- H1 71.46 69.69 21.12

weight (g) L H2 7046 6577 1911

H3 81.13 69.19 21.32

H1 79.32 7437  47.56

8) Grain (6] H2 70.27 62.02 52.90

ield per H3 81.74 7354  50.93

?:)/Iant(g) H1 84.57 80.21 68.22

L H2 69.04 62.12 54.45

H3 75.85 68.53  45.09

Heritability values in broad sense were relatively
high for all studied traits in all hybrids. Heritability ranged
from 67.71%for number of grains per spike to 88.82% for

heading date in the 3™ hybrid under optimum sown, from
69.04% for grain yield per plant in the 2" hybrid to 84.97%
for grain yield per spike in the 1% hybrid under late sowing.
Heritability values in narrow sense were moderate to high
for all characters in all hybrids, ranged from 62.02% for
grain yield per plant in the 2" hybrid to 78.04% for heading
date in the 3 hybrid under optimum sown, from 56.62% for
grain yield per spike in the 2™ hybrid to 80.21% for grain
yield per spike under late sowing. Indicating, these traits
were extremely influenced by non-additive and
environmental influences. Previous results were contract
with those acquired by Abd El-Aty et al. (2005), Abd-El-
Aty and Katta (2007), Dawwam et al. (2010) and Abdallah
etal. (2019).

Genetic advance as percent of F, means was low to
high for all studied traits in all hybrids (Table 6). The
expected genetic advance as percent of F, means ranged
from 4.54% for maturity date in the 1% hybrid to 85.41% for
grain yield per spike in the 2" hybrid under optimum sown
and ranged from 5.54% for maturity date in the 1% hybrid to
95.32% for number of spikes per plant under late sowing.
Indicated the prospect of practicing selection for high
genetic advance traits in early generations and obtain high
yielding genotypes. EI-Hawary (2016) and Ahmed (2021).

CONCLUSION

Wheat plants in late cultivation conditions are
affected by high temperature and this affects the yield. The
mean values for six parameters under late swing date (25
Dec.) were less than optimum sowing date (25 Nov.) for all
traits in all hybrids. The parental cultivars Sids 14 and
Gemmeiza 12 were earlier than the other parents under two
different sowing dates. The three hybrids studied were
higher in extent which had high genetic advance related with
high heritability for number of spikes per plant, number of
grains per spike, grain yield per spike, 1000-grain weight
and grain yield per plant under late sowing date. So, the
selection in segregating generations could be efficient to
develop early maturing lines that have high yielding ability
under optimum and late sowing date.
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