J. of Plant Production, Mansoura Univ., Vol. 16 (6 ):275— 284, 2025

Journal of Plant Production

Journal homepage & Available online at: www.jpp.journals.ekb.eg

Genetic Analysis of F3 and F4 Generations from Two Bread Wheat
Crosses under Optimum and Late Sowing Dates

Walaa A. A. Elhag ; M. A. Hussein and A. M. Sharshar”

)

Cross Mark

Wheat Research Department, Field Crops Research Institute, Agricultural Research Center, Egypt

ABSTRACT

This Research was performed to assess the relative response to the selection in F3, and F4 generation of
two bread wheat crosses under optimum (15November), and late (15 December) sowing date using pedigree
selection methods. The findings showed that the selected families or genotypes under study exhibited genetic
diversity for the studied traits. Significant differences were found among the parents, F3 and F4 families for most
of the studied characters under both sowing dates. The means of studied characters of parents, F3 and F4 families
decreased under the late sowing date. The extent of genetic variance among F3 and F4 families was higher than
that among families, and plants within families and the equivalent environmental variance in most traits. The
additive genetic variance components were greater than corresponding dominance for most of the studied traits.
The broad sense heritability estimates were high for all the studied traits in both F3 and F4 families, while the
values of narrow sense heritability, ranged from low to moderate for most of the studied traits under both sowing
dates. The final selection identified four superior families from each cross recorded higher grain yield than their
respective parents and exhibited days to maturity within the range of their respective parents, with significant or
non-significant differences and will be further evaluated in the next season as Fs families to select the best-

performing lines with the highest grain yield with early maturity.
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INTRODUCTION

Bread wheat is a crucial cereal crop produced
globally, serving as a key export and strategic commodity

(Kumar et al 2013).
The date of sowing is a critical factor influencing the
crop's phonological development and the efficient

conversion of biomass into economic yield. Wheat yield is
particularly sensitive to late sowing, as it often encounters
high temperatures during the grain filling stage, ultimately
resulting in decreased yields. Late sowing can result from
various factors, such as preceding crops like potatoes or
onions. This delay can cause grain yield reductions ranging
from 33 to 54%, primarily as a result of heat stress during
the stages of grain filling, which resulting aberrant or
shriveled grains and reduces total yield.

Genetic variation is essential for manipulating new
characters during breeding programs. Genetic variability is
necessary for plant breeder to rapidly and successfully
improve crops since a diverse population might provide
superior genotypes (Holme et al., 2019).

Historically, breeders have selected superior
individuals based on phenotypic traits, as indicators of
breeding value that reflects the expected performance of
their progeny. To enhance the accuracy of breeding value
estimation, pedigree-based predictions have been
incorporated (Piepho et al., 2008).The success of selection
breeding methods for improving quantitative traits relies on
the degree of the genetic variation in the segregating
population, and the type of gene action. Additionally, the
amount of genetic variation within and between families
across generations significantly influences the timing and

* Corresponding author.
E-mail address: anassharshar@yahoo.com
DOI: 10.21608/jpp.2025.319881.1379

method of selection. Various biometric analyses have been
used to estimate these variations (.Mather and Jinks, 1982,
Kearsey and Pooni, 1996, and Hallauer et al, 2010).

Local climate and micrometeorological variations
are crucial in determining optimal sowing dates for specific
locations, as the relationship between maximum
temperatures and sowing date provides valuable predictions
for growth period in different wheat growing regions
(French et al., 1979). Previous studies indicated the
importance of understanding the wheat crop responses to
weather changes to assess the effect of seasonally
temperature variations, also predict yield dependency on
temperature increases (Kalra et al., 2008).

This research aims to study the genetic behavior of
specific traits in F3 and F4 families derived from two bread
wheat crosses evaluated during optimal, and delayed
sowing. Besides, identifying high-yielding families with
early maturing and examining the genetic variability in F3
and F; under early and late sowing dates to facilitate
effective selections for yield and earliness improvement.

MATERIALS AND METHODS

This current research was carried out at the research
farm of Sakha Agricultural Research Station over three
growing seasons from 2021/2022 to 2023/2024 under
optimal and late sowing dates. The study involved two
crosses: the first was Sakha 96 x Line 1, and the second was
Line 2 x Line 3. The pedigrees of the four parents are
presented in Table 1. The recorded highest and lowest
temperatures at Sakha Agricultural Research Station from
November to May of the 2022/2023 and 2023/2024 growing
seasons are presented in Fig.1.
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Table 1. Pedigree, selection history, and earliness of
maturity of the wheat genotypes used in the study.

Genotypes Pedigree and selection history Earliness

P, MINO /6/ SAKHA 12 /5/KVZ //CNO 67/PJ

(Sakha 96) 62/3/YD"S"/BLO"S"/4/K 134(60)/ VEE.  Early
S.16869-010S-07S-1S-2S-0S.

P, CHEN/AEGILOPS SQUARROSA (TAUS)

(Line 1) //BCN/3/2*KAUZ /A/ HAAMA-11. Moderate
S. 16276 -018S-010S-3S-0S.

Ps SIDS1/ATTILA. // GOUMRIA-17. Earl

(Line2) S. 16498-042S-013S-21S -0S Y

SITTA/CHIL/IRENA /6/ GIZA 168 /5/
P4 MAI"S"/PJ//ENU"S" /3/.KITO/POTO.
. Moderate
(Line 3) 19//MO/JUP /4/K 134 (60) / VEE..

S. 16616 -018S -015S-2S -0S.

Nov. Dec Jan. Feb. Mar. Apr. May
Month

Fig. 1. Recorded highest, and lowest temperatures
throughout the study seasons of 2022/2023 and
2023/2024 from (November to May).

During the 2021/2022 growing season, 60 individual
plants from the F- generation, selected for high yield and
early maturity based on previous studies were grown as F3
families in the 2022/2023 season. These families were sown
on two planting dates: November 15" (optimal sowing date),
and December 15" (delayed planting date).

In 2023/2024 growing season 40 superior F3 families
were selected and grown as F4 families under the same two
sowing dates.

The study employed a randomized complete block
design (RCBD) with three replications for each sowing date.
In the Fs generation, each cross comprised of 62 rows per
replicate: one row for each parents (P, and P») and 60 rows
for the Fs families (one row per family). For the F.
generation, each cross consisted of 42 rows per replicate:
one row for each parents, and 40 rows for the Fa families.

In both the Fs and Fs generations each row was three
meters long, spaced 30 cm apart. The grains were spaced 20
cm within rows, averaging fifteen individual plants per row.
Five plants per replicate were sampled from each Fs and F4
family and from each parent totaling 15 plants per family or
parent.

The recorded traits for the parents and both Fs and Fa
families included days to heading (DH), days to maturity (DM),
grain filling period (GFP), grain filling rate(GFR), number of
kernels per spike (K/S), number of spikes per plant (S/P), 100-
kemels weight (100KWT) and grain yield per plant (GY/P). All
other recommended agronomic practices for wheat production
in the study region were followed.

Statistical analysis and genetic parameters:

Analysis of data was carried out using Microsoft

Excel's features. The variances of the basic generations for

every cross, involving the four populations (P, P2, F3, and
F4) were analyzed on both plot mean, and single levels using
the methodology suggested by Hallauer et al..(2010), as
presented in Table 2.

Table 2. Analysis of variance for F; and F4 families.

Source of DF Mean Expected mean
variance squares squares
Replications (R) -1

o Gze+62wg+n621
Among Families (F) f-1 M Ko pys
R x F (Error) (r-B(f- M 6%+ 62w+ 064
Plants within Families (n-1) rf M3 %t we

where r, f and n are the number of replications, F3, and F, families and
plants within every family,. respectively. M;, M, and M; refer the mean
squares for F; and F, families, replications x F; and F, families and the
plants within the F; and F; families. Meanwhile, o represents the
average within plot variances of non-segregating generations calculated
as (VP] + VPz + VF])/3...

Additionally, c%y, equal to the genetic variance
among plants within F5 and Fs families. Moreover, 6%
reflects the environmental effect on plots of the F3 and F4
families. Meanwhile, o*> F3, F4indicate the genetic variance
among F3 and F4 families.

F test was conducted to assess whether the
differences among F3 and F4 families were significant; if,

o’ ;34 = (M1-M2)/rn = 6a + 1/46%p and
6%wg = M3 - 6% = 1/26%4 + 1/2 6.
Where, o% and o% denote the additive and dominance variances,
respectively
624=2/3 20%a54- up)
’p=4H(Cr3ps - Ga)-

In addition, the heritability in the (h?%), and (h%,) for
F3 and F4 generations were estimated as following:

h = (6% + 1/46%p) / (6% + 1/46%p + E3) x 100 and

h2 = (6%) / (6% + 1/46%p + E2) x 100. Where, E2 = (M2 - Ma)/n.

RESULTS AND DISCUSSION

Analysis of variance.

The analysis revealed highly significant differences
among genotypes for all the studied traits in both F3 and F4
generations under optimal and late sowing dates in the two
studied crosses (Tables 3, 4, 5 and 6). These results suggest a
considerable genetic variation among the selected families or
genotypes conceming the traits under study, suggesting a
higher potential for response to selection in the progenies of
these crosses. Similar findings were reported by Saleh
(2017), Aglan and Farhat (2014), Darwish et a/ (2018), and
Abdallah et al (2019), who noted a large variability for
various traits among wheat genotypes.

Mean performance of wheat genotypes

The mean value of the parents and their F3 and F4
families and a range of F3 and F,; families means for the
studied traits in the two crosses under optimum and late
sowing dates, are presented in Tables 7, 8, 9 and 10.

The optimal sowing date exhibited higher mean
values for all traits in the parents, F; and F4 families
compared to the late sowing date. These results may be due
to the favorable temperatures conditions during the different
growth stages under the optimum date of sowing, which
facilitated an adequate grain filling period and, enhanced the
net assimilation rate. Similar outcomes were reported by
Aglan and Farhat (2014) and Sharshar et a/ (2020).
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Table 3. Analysis of variance for days to heading (DH), days to maturity (DM), grain filling period (GFP) and grain filling
rate (GFR) in F; families of the two bread wheat crosses under optimum (OS) and late (LS) sowing dates.

Crosses Source of DF DH DM GFP GFR
variation oS LS 0S LS oS LS oS LS
C1 Replication (R) 2 3.64 471 13.92 51.7 3439  317.14 3.62 322
Among F3 families (F) 59 190.24** 530.33%*% 92.80** 151.77** 507.30%* 463.20** 4.06**  2.11**
Sakha 96 x Line 1 R % F (Error) 118 1.29 16.73 6.25 122 49.82 23.09 0.30 0.15
Plants within F3 families 720 1518 36.04 7.92 9.17 3594 4034 0.31 0.2
T test between the two parents ok ok Hox * Hox ns ok ok
C2 Replication (R) 2 3.68 17.65 8.7 36.24 3.95 0.25 0.12 0.27
Among F3 families (F) 59 322.74*% 265.96%* 93.36** 100.29** 494.60** 414.73** 2.89%*  423**
Line 2 x Line 3 R % F (Error) 118  13.06 64.83 6.04 13.87 14.37 28.54 0.14 0.13
Plants within F3 families 720 21.76 15.33 6.36 6.96 33.53 34.46 0.21 0.37
T test between the two parents *x *x HE HE HE x *x ns

*and ** significant at 0.05 and 0.01 levels of probability, respectively

Table 4. Analysis of variance for days to heading (DH), days to maturity (DM), grain filling period (GFP) and grain filling
rate (GFR) in F4families of the two bread wheat crosses under optimum (OS) and late (LS) sowing dates.

Crosses Source of DF DH DM GFP GFR
variation (o LS oS LS oS LS oS LS
Cl1 Replication (R) 2 20730 18890 10720 9.30 22.80 113.10  0.30 0.5
Among F4 families (F) 39 366.80%%240.20**199.60**223.60** 212.60** 158.20%* 0.60** 0.60**
Sakha 96 x Line 1 R x F (Error) 78 3580 2990 630 0.90 15.10 17.60 0.02  0.00
Plants within F4 families 480 7.50 7.30 440 8.50 5.90 5.30 0.00  0.00
T test between the two parents ** *k *K * ** ** ** **
C2 Replication (R) 2 4358 5078  8.01 17.75 3.67 3.57 0 0.16
Among F4 families (F) 39 595.08%*%637.62**273.23**130.11%* 245.06%* 244.88** 3.55%* 3.06**
Line 2 x Line 3 R X F (Error) 78 883 872 1021 777 5.08 72 0.06  0.04
Plants within F4 families 480 16.17 2002  6.65 472 6.57 9.11 0.07  0.08
T test between the two parents ** *k *K *K ns ** ** **

*and ** significant at 0.05 and 0.01 levels of probability, respectively

Table 5. Analysis of variance for plant height (PH), number of kernels per spike (K/S), number of spikes per plant
(S/P), 100-kernel weight (100KWT), and grain yield per plant (GY/P) in F; families of the two bread wheat
crosses under optimum (OS) and late (LS) sowing dates.

Crosses Source of DF PH K/S S/P 100 KWT GY/P
variation 0S LS 0S 0S LS 0S LS LS 0S LS
Cl Replication (R) 2 3652 3814 6441 056 2046 4309 263 343 A4l 130.53

Among F3 families (F) 59 10765%% 3832%% 234552%* 2203(03** 458.18** 75459 O67** 834** 219544** 149642**
Sakha96 % Line 1 R x F (Error) 118 1252 122 9357 45698 2095 7296 069 083 144.57 13358
Plants within F3 families 720 11.63 336 194.67 16032 3628 858 067 083 16224 12589
Tiestbetweenthetwoparents ok Hok Hok ok Hok Hok ok * ok ok
C2 Replication (R) 2 12675 11181 81.84 11763 1487 1548 156 161 243 P36
Among F; families (F) 59 152656 1432.18** 228007** 202751** S56248** 52837+ 11.83%* 821** 249706** 474128**
Line2 x Line3 R x F (Error) 118 7622 8285 146.71 231.88 6182 4843 076 087 6431 15998
Plants within F3 families 720 87.57 9052 185.71 170.86 6138 5551 079 068 22238 4964
T testbetween the two parents ok Hok Hok ok Hok Hok ok s ok ok
*and ** significant at 0.05 and 0.01 levels of probability, respectively

Table 6. Analysis of variance for plant height (PH), number of kernels per spike (K/S), number of spikes per plant
(S/P), 100-kernel weight (100KWT), and grain yield per plant (GY/P) in F, families of the two bread wheat
crosses under optimum (OS) and late (LS) sowing dates.

Crosses Source of DF PH K/S S/P 100 KW GY/P
variation 0S LS 0S (O8] LS 0S LS LS 0S LS
Cl Replication (R) 2 163.5 1003 73.6 84.8 562.5 508.9 1.3 37 1654 2384
Among F4 families (F) 39 895% 761.2** 5354 5354%* 661.8%* 22]12%* 82%* S54%* S57].8%*% 504 5%*
Sakha 96 x Line 1 R x F (Error) 78 69 329 8.7 112 20.1 9.7 0.5 0.5 11.5 19.5
Plants within F4 families 480 21.3 24.1 10.6 18.1 313 134 0.3 0.3 20.5 269
Tt%tbetweenﬂletwopalents sk sk K3k sk 3k 3k ns ns sk sk
Cc2 Replication (R) 2 7878 12739  65.1 4356 365.65 38653 0.13 0.62 60.55 8.73
Among Fafamilies (F) 39 77773 721.46%* 700.61** 778.88** 339.69** 224.12*%* 11.31** 6.79** 804.42** 79621**
Line 2 x Line 3 R x F (Error) 78 15.78 24.11 10.97 14.8 1466 1277 015 0.08 1946 19.06
Plants within F4 families 480 19.91 23.11 18.51 2281 1929 2022 041 038 3043 41.08
Tmmﬁemm skk sk sk sk ns skek skek sk sk skek

*and ** significant at 0.05 and 0.01 levels of probability, respectively

277



Walaa. A. Elhag et al.

Table 7. Means of parents and their F; families, and the reduction percentage (R%) due to late sowing for days to
heading (DH) , days to maturity (DM), grain filling period (GFP), and grain filling rate (GFR) in the two

bread wheat crosses under optimum (OS) and late (LS) sowing dates.

Ponulai DH DM GFP GFR
opwation 0s IS R% 0s IS R% OS LS R% OS LS R%
P1 (Sakha 96) 7560 6733 2134 13487 13060 3.17 5887 3973 3251 161 130 1925
Py (Line 1) 80.60 7313 1838 13573 13093 354 5440 3973 2797 213 1.64 23.00
Ps (Line 2) 8621 7176 1667 13373 13113 194 5053 4127 1833 220 140 3636
P4 (Line 3) 8953 7640 1467 13960 13633 234 5253 4280 1852 188 138 26.60
Cl(men)Sakha% xLine1 8620 7290 1543 13540 13230 229 496 334 3266 23 170 2609
Min 7 o4 127 128 370 2110 123 1.10
Max 9 87 142 144 583 41.90 370 250
C2(mean)Line2 xLine3 912 757 1700 13990 13540 320 5210 4490 1382 200 160 20.00
Min 7 66 130 130 3560 3570 120 0.60
Max 9% 80 147 143 6530 5770 290 250

Table 8. Means of parents and their F4 families, and the reduction percentage (R%) due to late sowing for days to
heading (DH), days to maturity(DM), grain filling period (GFP), and grain filling rate (GFR) in the two

bread wheat crosses under optimum (OS) and late (LS) sowing dates.

Population DH DM GFP GFR

oS LS R. % OS LS R.% OS LS R.% OS LS R %
P1 (Sakha 96) 74.50 67.30 970  135.10 130.6 340 5220 46.6 107 144 131 9.02
P2 (Line 1) 79.60 73.10 8.10 13460 13090 2.70 47.10 41.0 129 143 135 559
P3(Line 2) 86.00 71.70 16.70  134.00 131.10 2.00 4850 347 283 210 1.68 20
P4(Line 3) 89.50 76.40 1470  139.60 136.10 250 48.10 333 30,7 1.85 152 178
C1 (mean) Sakha 96 x Line 1 87.50 78.40 1040 13830 13500 24 4550 3740 17.80 1.60 13 1875
Min 66. 68 130 126 38.80 32.50 0.90 0.90
Max 94 90 150 147 60.00 50.50 1.90 240
C2 (mean) Line 2 X Line 3 105.00 98.80 590 14730 14030 4.80 29.80 26.00 12.80 230 1.50 37.80
Min 84 82 134 127 20.50 18.50 0.90 0.70
Max 116 110 157 148 47.70  38.30 430 3.10

Table 9. Means of parents and their F; families, and the reduction percentage (R%) due to late sowing for plant
height (PH) , number of kernels per spike (K/S), number of spikes per plant (S/P), 100-kernel weight
(100KWT), and grain yield per plant (GY/P) in two bread wheat crosses under optimum (OS) and late (LS)

sowing dates.

Population PH K/S S/P 100KWT GY/P

OS IS R% OS LS R% OS LS R% OS LS R% OS LS R%
P1 (Sakha 96) 103.67 9300 1029 5533 4820 1289 2460 1913 2224 518 412 2046 7225 63.64 1192
P> (Line 1) 8700 6900 2069 5000 4553 894 2807 2233 2045 468 385 1774 5969 5654 528
P3(Line 2) 9767 7667 2150 5940 5240 1178 4100 2500 3902 506 486 514 6927 6642 411
P4(Line 3) 10367 8200 2090 6273 5627 1030 3860 2240 4197 486 480 062 7551 60.73 1957
Cl (mean) Sakha96xLine1 1212 1013 1642 590 476 1932 2700 2090 2259 540 430 2593 8390 7580 9.65
Min 70 65 20 27 17 10 200 170 5600 52.60
Max 130 120 84 75 39 34 650 600 1025 9230
C2 (mean) Line2 xLine3 9580 7640 2025 608 576 526 3180 2680 1572 490 400 1224 9400 70.10 2543
Min 71 60 40 36 19 16 160 160 45.00 38.70
Max 114 93 89 80 43 38 700 650 120.10 98.20

Table 10. Means of parents and their F4 families, and the reduction percentage (R%) due to late sowing for plant
height (PH), number of kernels per spike (K/S), number of spikes per plant (S/P), 100-kernel weight
(100KWT), and grain yield per plant (GY/P) in two bread wheat crosses under optimum (OS) and late

(LS) sowing dates.

Population PH K/S S/p 100KWT GY /P

OS LS R% OS LS R% OS LS R% OS LS R% OS LS R%
P1 (Sakha 96) 103.70 93.00 9.40 54.50 4530 16.80 22.50 19.10 1540 5.10 440 12907220 61.00 155
Py(Line 1) 86.10 69.30 19.50 51.70 44.10 14.80 27.10 2430 1030 470 430 840 61.10 58.70 4.00
PyLine2) 97.70 76.30 21.80 62.10 50.70 18.40 4040 2530 3730 5.10 4.80 6.10 73.50 68.00 7.50
PoLine3) 10260 80.70 22.20 60.30 54.00 10.40 39.10 2240 42.80 490 4.50 840 78.00 5940 23.90
Cl (mean) Sakha9%6 xLinel 1114 1024 8.1 70.50 62.30 11.80 33.30 18.80 43.50 4.70 440 6.70 63.10 53.50 15.20
Min 95 75 58 47 11 9 200 2.00 48.50 44.30
Max 135 115 85 74 41 31 550 530 7430 74.70
C2(mean) Line2 X Line3 93.0 847 89 57.80 5130 11.20 3620 25.00 30.90 400 350 12.9065.80 3930 4030
Min 75 70 46 37 20 11 250 2.00 50.30 28.30
Max 110 105 70 68 44 33 7.00  5.60 78.70 53.70
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For parents, the data indicated that the first parent
(Sakha 96) had the earliest heading date in the F3 generation,
with averages of 75.60 and 67.33 days, and in the F4
generation, with averages of 74.50 and 67.30 days under
both sowing dates, respectively. Furthermore, first parent
had the earliest maturity date for the F3 generation under late
sowing was 130.60 days, and similarly for the F4 generation,
with average of 130.6 days. Additionally, first parent
recorded the shortest grain filling period in the F3 generation
under late sowing date with an average of 39.73 days. In
contrast, third parent (Line 2) had the earliest days to
maturity in the F3 and F4 generations under optimal sowing
date, averaging 133.73 and 133.90 days, respectively. Also,
third parent showed the shortest grain filling period for the
F3 generation under optimal sowing date with average 50.53
days, while second parent (Line 1) showed the shortest grain
filling period in the Fs; generation under late sowing,
averaging 39.73 days, and in the F4 generation under optimal
sowing, averaging 47.10 days. Fourth parent (Line 3) had
the lowest grain filling period in the F3 generation under
optimum sowing date, with an average of 50.53 days.

The third parent, (Line 2) exhibited the highest grain

filling rate in the F3 generation under optimal sowing with
value of 2.20 and in the F4 generation under both sowing
dates with values 2.1 and 1.68 respectively, while the second
parent (Line 1) demonstrated high grain filling rate under
late sowing in the F3 generation with value of 1.64.
The first parent (Sakha 96) produced the tallest plants in the
F3 generation, with averages of 103.67 cm and 93 c¢m, and in
the F4 generation, with averages of 103.70 and 93.00 cm
under optimal and late sowing, respectively.

The fourth parent (Line 3) exhibited high values
numbers for kernels per spike in F3 generation under both
optimal and late sowing dates, averaging 62.73 and 56.27
kemnels, respectively, and high average of 54.00 kernels in
the F4 generation under late sowing. Moreover Line 3
recorded high grain yield per plant in the F3 and F4
generations under optimal sowing, with averages of 75.98
and 78.03 g, respectively.

The third parent (Line 2) showed high numbers of
spikes per plant in F3 generation under both optimal and late
sowing dates, with average of 41 and 25 spikes, respectively,
and highest average (40.4spikes) in the F4 generation under
optimal sowing, Additionally, Line 2 achieved the greatest
number of kernels per spike in the F4 generation under
optimal sowing date with an average of 62.1 kernels. It also
ranked highest 100-kernel weight in the F; generation
recording 5.06 and 4.86 g and in the F4 generation, with an
average 5.10 and 4.80 g under each sowing date,
respectively. Furthermore, it recorded high values in grain
yield per plant in both the F3 and F4 generations under late
sowing with averages of 66.42 and 68 g, respectively.

Regarding the F3 and F4 families, the first cross
(Sakha 96 x Line 1) exhibited the earliest heading and
maturity dates in both generations under both optimal and
late sowing dates. In the Fs generation, days to heading were
86.20 days under the optimal sowing date and 72.90 days
under the late sowing date, while days to maturity were
13540 days and 132.30 days, respectively. In the Fa
generation, days to heading were 87.50 days under optimal
sowing date, and 78.40 days under delayed sowing date,
whereas days to maturity were 138.30 days and 135.00 days

under optimal and late planting date, respectively,
additionally, the first cross showed the shortest grain filling
period and the highest grain filling rate in F3 generation
under both sowing dates with values of 49.60 days under the
optimal sowing date and 33.40 days under the late sowing
date for grain filling period, while, grain filling rate reached
2.30 and 1.70, respectively.

Furthermore, the first cross recorded the tallest plant
in both F3 and Fs; generations under the two planting dates
with heights of 121.20 and 101.3 cm in F3 generation under
both optimum and late planting date, respectively and
11440 cm and 102 cm under both sowing dates in Fy4
generation, respectively. It also produced the greatest
number of kernels per spike in F4 generations across with
values 70.50 kernels under the optimal sowing date and 62.3
kernels under late sowing date. In addition, the first cross
achieved the highest 100-kernel weight in both generations
under both sowing dates reaching 5.4 g under optimal
sowing date and 4.3 g under delayed sowing date in the F;
generation and 4.7 and 4.4 g under both sowing date in F4
generation, Moreover, this cross produced the greatest grain
yield per plant under late planting date with values 75.8 and
53.5 in F3 and F4 generations, respectively

The second cross (Line 2 x Line 3) showed the
shortest grain filling period in Fs4 generation with values of
29.80 days and 26.00 days under optimum and late planting
dates, respectively. It also recorded the highest grain filling
rate with averages of 2.30 and 1.50 under both optimal and
delayed sowing dates, respectively. Moreover, this cross
produced the highest number of spikes per plant in both F3
and F4 generations with values of 31.8 spikes and 26.8
spikes in Fzunder both sowing date, respectively while in the
F4 generation, it reached 36.2 spikes and 25.0 spikes under
both sowing date respectively, Additionally, it achieved high
values for number of kernels per spike in the F3 generation
recording 60.8 kernels and 57.6 kernels under optimal and
late planting dates, respectively, Furthermore, the second
cross recorded high grain yield per plant under optimal
sowing dates in both F3 and F4 generation with averages of
94.0g and 65.80g respectively.

The F; family means exceeded the highest
corresponding parent in the first cross for plant height, the
number of spikes per plant, 100-kernel weight, and grain
yield per plant under both sowing dates, as well as the
number of kernels per spike under optimal sowing. The F4
generation surpassed the greatest parent for plant height, the
number of kernels per spike under both dates of sowing, and
the number of spikes per plant under optimal sowing. In the
second cross, the F3 family means exceeded the highest
parent for the number of spikes per plant under late sowing,
and grain yield per plant under each sowing date. For the F4
generation, the plant height was higher than the highest
parent under late sowing. This suggests the presence of
transgressive segregation, where recombination of parental
genes results in offspring with superior traits compared to
both parents

Conversely, the F4 family means were less than the
lowest corresponding. parent in the first cross for grain yield
per plant under delayed planting date. In the second cross,
the F3 generation was lower than the lowest corresponding
parent for plant height under optimal planting, the number of
spikes per plant under optimal sowing, and 100-kernel
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weight under late sowing. Meanwhile, the F,4 generation was
lower than the lowest parent for plant height and the number
of spikes per plant under optimal sowing, 100-kernel weight,
and grain yield per plant under both sowing dates. This
reduction in performance could be due to the segregation of
unfavorable alleles or the disruption of favorable gene
combinations, leading to a decline in these traits.
Additionally, the F3 family means aligned with the largest
parent for the number of kernels per spike in the first cross
under late planting and in the second cross under both dates
of sowing. These findings emphasize the complex nature of
genetic inheritance and the interaction between genetic and
environmental factors. The presence of transgressive
segregation, both positive and negative, indicates that careful
selection is necessary to capture desirable traits while
minimizing the expression of undesirable ones.

Low Reduction in F3 generation was observed in in
days to heading, and 100-kernels weight for the fourth parent
(Line 3), the third parent (Line 2) exhibited a low reduction
in days to maturity, and grain filling period, while the first
parent (Sakha 96) displayed a low reduction in grain filling
rate and plant height, the second parent (Line 1) recorded
low reduction values in number of kernels per spike and the
number of spikes per plant and the third parent (Line 2)
showed low reduction in grain yield per plant. In the Fs4
generation, the second parent (Line 1) exhibited low
reduction percentage for days to heading, grain filling rate,
the number of spikes per plant, and grain yield per plant in,
the third parent (Line 2) showed a low reduction in days to
maturity and 100-kernel weight, the first parent (Sakha 96)
in grain filling period and plant height, and the fourth parent
(Line 3) in number of kernels per spike.

The first cross (Sakha 96 x Line 1) showed low
reduction in F3 generation for Days to heading, Days to
maturity, plant height and grain yield per plant, while the
second cross recorded low reduction percentage in grain
filling period, grain filling rate, number of kernels per spike,
number of spike per plant and 100kernel weight. Regarding
F4 generation the first cross exhibited lower reduction
percentage for days to maturity, grain filling rate, plant
height ,100kermnel weight and grain yield per plant, in
contrast the second cross recorded low reduction in days to
heading, grain filling period, number of kernels per spike
and number of spikes per plant. These results suggest that
both selected parents and their respective hybrids exhibit
variable levels of tolerance to late sowing stress.

In addition to average values, presenting the
minimum and maximum helps to better understand the
phenotypic variation observed among families. Awide range
between these values indicates high genetic diversity, which
plays an important role in improving selection efficiency and
identifying promising families under both sowing dates.
Genetic and environmental variances:

The genetic and environmental variance components
among families and among plants within families in the F3
and F, generations for all traits in the two crosses under the
optimal and late sowing date are illustrated in Tables 11, 12,
13 and 14.

In the F3 and Fj4 generation the genetic variance
among families exceeded the corresponding environmental
variance for all studied traits under both optimal and late
sowing date, except for grain filling rate in the F3 generation
under optimal sowing date in the first cross.

Table 11. Genetic (62G) and environmental (¢°E) variance components among F3 families, and among plants within
Fs families, for days to heading (DH), days to maturity (DM), grain filling period (GFP) and grain filling
rate (GFR) in the two bread wheat crosses under the optimum (OS) and late (LS) sowing dates.

c S DH DM GFP GFR
rosses ource 0S LS 0S LS 0S LS 0S LS
1 Among F3 2G 12.60 3424 577 931 30.50 2934 002 013
Sakha96 x Line1  families o2F 1.83 1.18 117 081 0.83 2.64 009 002
Amongplants 062G 1335 3486 675 879 3510 3770 023 0.8

within Fs families o2 0.09 112 042 038 332 154 002 001

2 Among F3 2G 2065 1341 58 576 3202 2575 018 027
families o2E 0.87 0.53 045 047 320 3.76 003 004

Line2xLine3  Amongplants 62G 2113 1480 591 649 3033 30.7 018 033
within Fs families  o2E 0.63 432 040 092 0.96 1.90 001 00l

Table 12. Genetic (6>G) and environmental (¢’E) variance components among F4 families, and among plants within
F4 families, for days to heading (DH), days to maturity (DM), grain filling period (GFP) and grain filling
rate(GFR) in the two bread wheat crosses under the optimum (OS) and late (LS) sowing dates.

Crosses Source DH DM GFP GFR
0S LS 0S LS [ LS oS LS

o1 AmongFs oG 22.10 14.00 12.90 14.80 1320 9.40 0.030 0.039
families oE 080 120 0.50 0.40 1.00 0.40 0.003 0.002
. Amongplants G 6.70 6.10 4.00 8.10 4.80 4.90 0.017 0.024
Sakha96xLine 1 . F4gfzmilies o’E 240 2.00 0.40 0.10 1.00 120 0.001 0.002
o AmongFs oG 39.10 41.90 17.50 820 16.00 15.80 02 020
families oE  0.60 0.50 0.50 0.60 0.50 0.60 0.00 0.00
Line2 xLine3  Amongplans o°G  15.50 19.50 6.20 4.10 6.00 8.50 0.10 0.10
within Fs families  o?E~ 0.60 0.60 0.70 0.50 030 0.50 0.00 0.00
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Table 13. Genetic (6>°G) and environmental (¢°E) variance components among F; families and among plants within F5
families for plant height (PH), number of kernels per spike (K/S), number of spikes per plant(S/P), 100-
kernel weight (100KW) and Grain yield per plant (GY/P) in the two bread wheat crosses under the

optimum (OS) and late (LS) sowing dates.

Crosses Source PH K/S S/P 100KW GY /P
oS LS oS LS oS LS 0OS LS oS LS
c1 AmongF; oG 634 90.26 150.1 1224 28.75 4544 0.6 0.5 136.7 90.86
families o’E 5.83 5.36 19.62 3047 59 1095 0.09 0.18 19.54 14.9
Sakha% ¥ Line 1 Amongplants  6°G 5.8 92.73 175.1 149.2 30.39 7487 058 065 1427 111
withinFsfamilies  o°E 0.83 1.73 6.24 11.15 1.8 4.86 0.05  0.06 9.64 891
o) AmongF; &G 96.69 89.96 142.8 119.7 3338 32 074 049 1622 305.4
families o’E 5.95 6.19 9.78 14.16 11.27 749 0.08 02 8.98 22.15
Line2xLine3 Amongplans o’G  81.62 84.33 1782 156.7 50.11 4803 071 048 2134 4775
within Fsfamilies  o°E 5.08 5.52 7.52 15.46 4.12 3.23 0.05  0.06 4.29 10.67

Table 14. Genetic (6°G) and environmental (6’E) variance components among F, families and among plants within F
families for plant height (PH), number of kernels per spike (K/S), number of spikes per plant(S/P), 100-
kernel weight (100KW) and Grain yield per plant (GY/P) in the two bread wheat crosses under the

optimum (OS) and late (LS) sowing dates.

Crosses Source PH KIS S/P 100KW GY/P
0S LS 0S LS 0S LS 0S LS 0S LS

c1 Among F4+  &°G 50.7 48.60 35.10 3490 42.80 1410 050 030 3740 38.30
families o’E 0.80 0.60 0.70 0.80 4.10 3.90 0.10 0.10 2.80 3.50
Sekha96 % Line | Amongplans G~ 20.50 23.50 9.80 17.30 27.20 9.50 020 0.20 17.60 23.40
within Fs fimilies  6°E 4.60 2.20 0.60 0.70 1.30 0.60 0.00 0.00 0.80 1.30
© Among Fs &G 50.80 46.50 46.00 50.90 21.70 1410 070 040 5230 51.80
families o’E 0.50 1.50 2.90 0.90 7.80 1140 0.10 0.10 3.90 13.00
Line2xLine3 Amongplants o*G  19.40 21.60 15.60 21.90 11.50 8.80 030 030 26.60 28.10
within Fafamilies o°E 1.10 1.60 0.70 1.00 1.00 0.90 0.00 0.00 1.30 1.30

Additionally, the genetic variance among plants
within families in both F3 and F4 generation was greater than
the corresponding environmental variance for all the studied
traits under both sowing dates in the two studied crosses.
This indicates that the observed phenotypic differences are
largely attributed to genetic factors, suggesting that effective
selection for these traits could lead to significant genetic
improvement through successive generations.

The genetic variance among F; families under
optimal sowing date was greater than that under late sowing
for most traits, except for days to heading, days to maturity,
plant height and number of spikes per plant in the first cross,
and grain yield per plant in the second cross. A similar trend
was observed in the Fs families, except for days to heading,
number of kernels per spike in the second cross, and days to
maturity in the first cross. This trend suggests that optimal
sowing date provides a more stable environment that
enhances the expression of genetic differences, facilitating
more effective selection.

Conversely, environmental variance among F3
families was generally higher under late sowing for most
traits, excluding days to heading in the first and second
cross, days to maturity, grain filling rate, plant height, grain
yield per plant in the first cross, as well as number of spike
per plant in the second cross.. This trend was reversed
among F; families, where environmental variance was
higher under optimal sowing for most traits, except for days
to heading in the first cross, days to maturity, grain filling
period in the second cross, plant height, number of spike per
plant and grain yield per plant in the second cross. These
findings indicate that the optimal sowing date generally
provides a more consistent and favorable environment for
expressing genetic differences among plants within families,
thereby improving the efficiency of selection. In contrast, the

greater environmental variance observed under late sowing
date, suggests increased environmental stress, which may
obscure genetic variability and reduce selection accuracy.

Regarding genetic variance among plants within
families in F3, late sowing exceeded the optimum sowing for
most traits except for grain filling rate and grain yield in the
first and second cross, days to heading, number of spikes per
plant and 100kernel weight in the second cross and number
of kernels per spike in the first and second cross. A similar
trend was observed in the Fa generation except for, days to
heading and days to maturity in the second cross, number of
spike per plant in both crosses.

Environmental variance among plants within
families in F3 was generally greater under late sowing for
most traits, except days to maturity, grain filling period and
grain yield in the first cross and number of spikes per plant
in the second cross. A similar pattern was observed in F4
except for days to heading, plant height and number of
spikes per plant in the first cross and days to maturity in both
Crosses.

The genetic variances among plants within families
were greater than among the F3 families for all studied traits
under both sowing dates in both crosses, except for days to
maturity in the first cross under late sowing date, grain filling
period in the second cross under optimum sowing date, plant
height under optimal sowing date in the first cross and under
both sowing dates in the second cross. This suggests that
individual plant selection within families in F3 could capture
more genetic diversity and enhance the potential for genetic
improvement through selection.

On the other hand, the genetic variance among plants
within families was approximately equal to the variance
among families in the F3 generation for grain filling period in
the second cross under optimal sowing date, and for 100-
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kernel weight in both the first and second crosses under the
same sowing date. This balance of genetic variance suggests
that genetic diversity for these traits is similarly distributed
within and among families, indicating that selection at either
level within or among families may be equally effective.
Therefore, breeders can adopt a flexible selection strategy
depending on available resources and breeding goals at this
early generation.

In contract, in F4 generation, the genetic variances
among families exceeded that within families for all studied
traits under both planting dates in both crosses, indicating
that the selection would be more efficient among families
than within families in this generation. These results
demonstrated that in the Fs generation the greater within-
family variance supports the effectiveness of early-
generation selection among individual plants, while in Fa
generation the increased among-family variance suggests the
value of selecting superior families, thereby enhancing
genetic gain and selection accuracy.

These results were similar to those obtained by
Aglan and Farhat (2014), Darwish et al (2018), Moreover
Saleh (2017) found that genotypic variance was
approximately equivalent to the corresponding phenotypic
for days to heading. Khalil et al (2017) reported that genetic
variance for spikes m? and 100-kernel weight was lower
than environmental variance under normal sowing date,

while the genetic variance for grains per spike and grain
yield was greater than environmental variance.
Genetic variance components, heritability and expected
genetic advance

Data presented in Tables 15, 16 , 17 and 18 revealed
that the additive variance components surpassing the dominance
variance for most traits under study in both F; and F4 generation
under both dates of sowing, reveals that additive effects were
more significant in the inheritance of these traits, however,
exceptions were observed in the F3 generation for grain filling
period, grain filling rate , number of spikes per plant under
delayed planting date in the first cross, number of kernels per
spike under late sowing date in the second cross, number of
spikes per plant and grain yield per plant in the second cross
under both sowing dates, regarding F4+ dominance effects were
more significant for number of spikes per plant in the first cross
under both planting dates, grain yield in the first cross under late
planting date, number of spikes per plant and 100kernel weight
in the second cross under late sowing date, suggesting that
dominance gene action may play a significant influence in
controlling these traits, while the dominance variance equals to
the additive variance for grain filling rate under late planting in
the first cross, this suggest that both genetic effects contributed
equally to the expression of this trait under the specific
environmental condition of late sowing.

Table 15. Estimates of additive (6>°A) and dominance (¢°D) variances, heritability in broad (h’b) and narrow senses (h’n)
based on F3 families means for days to heading (DH), days to maturity (DM), grain filling period (GFP) and

grain filling rate (GFR) in the two bread wheat crosses under optimum (OS) and late (LS) sowing dates.
DM

Crosses Parameters DH GFP GFR
oS LS oS LS oS LS oS LS
C1 o’A 7.90 2241 3.19 6.55 17.26 13.99 0.18 0.06
1/46’D 4.70 11.83 2.58 2.76 13.23 15.35 0.07 0.07
Sakha 96 x Line 1 H(b) 99.32 96.84 93.26 91.96 90.18 95.02 92.6 92.73
h(n) 62.26 63.39 51.58 64.69 51.05 453 67.81 40.47
C2 c’A 13.44 8.01 3.82 335 22.47 13.86 0.12 0.15
1/46’D 7.20 5.39 2.00 241 9.55 11.89 0.06 0.13
Line 2 x Line 3 H(b) 95.95 75.62 93.53 86.17 97.09 93.12 95.12 96.90
h(n) 6247 45.20 6141 50.17 68.14 50.13 63.69 51.70

Table 16. Estimates of additive (¢’A) and dominance (cD) variances, heritability in broad (h’b) and narrow senses (h’n)
based on F4 families means for days to heading (DH), days to maturity (DM), grain filling period (GFP) and
grain filling rate (GFR) in the two bread wheat crosses under optimum (OS) and late (LS) sowing dates.

Crosses Parameters DH DM GFP GFR
oS LS oS LS OS LS (O] LS
Cl1 c’A 22.73 12.60 13.21 11.64 12.72 7.58 0.03 0.03
Sakha 96 x Line 1 1/46’D 6.03 7.51 3.65 11.35 5.27 6.72 0.02 0.03
H(b) 90.13 86.38 94.95 98.13 89.77 89.92 93.02 93.74
h(n) 71.23 54.11 74.40 49.70 63.46 47.66 56.86 42.74
C2 o’A 36.57 3641 17.21 6.78 1531 12.66 0.24 0.19
1/46’D 18.05 25.00 6.49 547 6.71 11.66 0.07 0.10
Line 2 X Line 3 H(b) 97.81 98.22 9535 9147 96.14 95.58 98.31 98.84
h(n) 65.48 58.23 69.23 50.63 66.85 49.76 76.00 64.88

Table 17. Estimates of additive (6*A) and dominance (¢’D) variances, heritability in broad (h’b) and narrow senses
(h?n) based on F; family means for plant height (PH), number of kernels per spike(K/S), number of spike
per plant(S/P), 100-kernel weight (100KW) and Grain yield per plant (GY/P), in the two bread wheat

crosses under optimum (OS) and late (LS) sowing dates.

Crosses Parameters PH K/ SP 100KW GY/P
(O] LS (O] LS (O] LS (O] LS oS LS
C1 c’A 4.59 58.53 83.47 63.75 18.07 10.67 0.41 0.23 87.16 47.14
/46D 1.75 31.73 66.66 58.65 10.68 34.77 0.19 0.27 49.56 43.71
Sakha 96 x Line 1 H(b) 88.37 98.12 96.01 80.07 94.12 90.33 92.87 90.03 9341 91.07
h(n) 64.00 63.62 53.38 41.71 59.17 21.22 63.72 42.24 59.55 47.26
C2 c’A 74.51 63.72 71.64 55.15 11.09 10.64 0.51 0.33 73.98 88.90
/46D 22.18 26.24 71.19 64.56 22.28 2135 0.23 0.16 88.20 216.5
Line 2 x Line 3 K(b) 95.01 94.22 93.59 88.56 89.01 90.83 93.59 89.46 9742 96.63
h(n) 73.21 66.74 46.94 40.80 29.59 30.22 65.01 60.69 44.44 28.12
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Table 18. Estimates of additive (6*A) and dominance (6?D) variances, heritability in broad (h?b) and narrow senses
(h?n) based on F4 family means for plant height (PH)), number of kernels per spike (K/S), number of spike
per plant(S/P), 100-kernel weight (100KW) and Grain yield per plant (GY/P), in the two bread wheat
crosses under optimum (OS) and late (LS) sowing dates.

Crosses Parameters PH K/S S’P 100KW GY/P
OS LS 0S LS (0N LS 0S LS 0S LS
C1 ’A 47.09 41.22 36.98 29.28 29.85 93 0.51 0.26 32.19 27.67
1/46°D 24.14 30.85 797 2298 40.13 14.31 0.18 0.25 22.78 34.11
Sakha 96 x Line 1 h%(b) 92.96 96.28 97.17 97.2 92.79 83.77 81.91 82.88 93.85 92.82
h*(n) 61.45 55.07 79.94 54.46 39.58 32.99 60.59 41.99 54.95 41.57
C2 o?A 48.36 40.37 457 46 17.36 9.96 0.64 0.3 432 41.01
1/46°D 21.81 27.73 15.88 26.85 15.84 12.96 0.45 0.44 357 38.86
Line 2 X Line 3 h%(b) 97.79 95.64 94.42 97.48 79.16 65.18 94 88.78 93.87 84.83
h%(n) 67.39 56.69 70.08 61.56 41.39 28.33 55.18 36.17 514 43.56

The prevalence of additive variance in most traits
suggests that selection could be effective starting from early
generations. However, traits showing dominance variance,
particularly under late sowing conditions, may require
alternative breeding approaches such as delayed selection. The
variability in gene action across Fs and Fs generations also
highlights the dynamic nature of genetic expression, possibly
due to segregation and recombination. Therefore, continuous
evaluation of genetic patterns across generations is essential to
guide effective selection and breeding strategies. Similar
outcomes were reported by Darwish et al. (2018). On the other
hand, Aglan, and Farhat (2014) found that the dominance
variance was greater than the additive variance.

The broad-sense heritability estimates h? (b) was
high for all studied traits across both F3 and F4 generations.
In the F; generation, under optimal sowing date, the
heritability values ranged from 88.37 for plant height in the
first cross to 99.32 for days to heading in the first cross.
Under late planting date, values ranged from 80.07 for
number of kernels per spike in the first cross to 98.12 for
plant height in the first cross. In the F4 generation h? (b)
values under optimal sowing date, ranged from 79.16 for
number of spikes per plant in the second cross to 98.31 for
grain filling rate in the second cross, and from 65.18 for the
number of spikes per plant in the second cross to 98.84 for
grain filling rate in the second cross under late sowing date.
These findings indicate that studied traits are primarily
determined by genetic factors with minimal environmental
influence, suggesting that selection could contribute to
significant genetic improvement. These results are in
agreement with Khalil et al. (2017), who stated that broad-
sense heritability was medium to high under normal and late
sowing. Similarly, Khamees et al. (2021), observed high
heritability for most traits, while Olbana et al. (2021)
reported moderate heritability estimates for number of spikes
per plant, grain filling period, plant height, and number of
kernels per spike.

On the other hand, the narrow-sense heritability h?(n)
estimates were relatively low to mederate for most traits in
both generations and across both sowing dates. In the F3
generation, under optimal sowing date, narrow sense
heritability ranged from 29.59 for number of spikes per plant
in the second cross to 73.21 for plant height in the second
cross, while under late sowing date, it ranged from 21.22 for
number of spikes per plant in the first cross to 66.74 for plant
height in the second cross.

In the F4 generation under optimal sowing date, h’(n)
values varied between 39.58 for number of spike per plant in
the first cross to 79.94 for number of kernels per spike in the
first cross. Under delayed planting date, the values varied

between 28.33 for number of spikes per plant in the second
cross to 64.88 for grain filling rate in the second cross. The
relatively low h%(n) values reflect increased environmental
variance and reduced additive genetic contribution, while the
high and medium heritability estimates show the
significance of the additive genetic component in the
inheritance of these traits making selection more efficient.

The narrow-sense heritability in the optimal sowing
date was higher than under the late sowing date for most
traits in both F3; and Fs4 generation. This indicates that
additive genetic variance was more effectively expressed
under favorable growing dates, enhancing the potential
response to selection, except for days to heading and days to
maturity in the first cross in F3 generation where heritability
was relatively higher under late sowing. This suggests that
these particular traits may be less influenced by
environmental stress during late sowing and retain stable
genetic control. These findings are supported by Aglan and
Farhat (2014) who reported medium to high narrow-sense
heritability for days to heading and plant height under late
sowing date. Similarly, Sharshar et al. (2020) found that
narrow-sense heritability values were moderate for the most
traits.
Selected F4 families

The means of selected F4 families based on days to
maturity and grain yield per plant under both optimum and
late sowing dates are shown in Table 19.

Table 19. Mean values of the selected F4 families for days
to maturity (DM) and grain yield per plant
(GY/P) in the two bread wheat crosses under
the optimum (OS) and late (LS) sowing dates.

Crosses Family DM GY/P
No. 0s LS 0s LS
28 136 130 7534 634
6 135 131 7814 6832
o 17 137 130 84 704
. 3 135 132 9024 728
Sakha%xLinel 35 132 128 587 57
Sakha96 13487 13060 7221  61.00
Linel 13573 13093 6110 5870
LSD 3 35 5 45
27 137 134 785 68
3 140 136 814 70
- 24 139 137 7 67
Cierxlines 18 141 135 82 T2
34 131 128 70 56
Line2 13400 13110 7350  68.00
Line3 13960 13610 7800 594
LSD 4 4 6 6
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The final selection identified five families from each
cross, totaling ten Fa families. Among them, four families
per cross recorded higher grain yield than their respective
parents. These families exhibited days to maturity within the
range of their respective parents, with significant or non-
significant differences, indicating that improved yield was
not associated with any extension or reduction in the
maturity period.

These families will be further evaluated in the next
season as Fs families to select the best-performing lines with
the highest grain yield while maintaining stable maturity
periods. However, Family 37 in the first cross and family 34
in the second cross matured earlier than their respective
parents but produced lower yields, indicating an inverse
relationship between earliness and productivity (Abd El-
Rady, 2021; Singh et al 2024; Dadrasiet al, 2024).
Therefore these families are recommended for inclusion in
breeding programs focused on enhancing grain yield in
early-maturing.
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