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ABSTRACT
The Comstock and Robinson design was used in this experiment, employing

a line x tester mating system. The study involved four male wheat genotypes—Sham
6, Jad, Barcelona, and Adana—and three female genotypes: Abu Ghraib, Aras, and
Aba 99. A total of 12 hybrids were produced and evaluated in both F: and F2
generations using a Complete Randomized Block Design (CRBD) with three
replications. Among the parents, Aras outperformed the others in most of the studied
traits, with respective values of 90.21, 5.1, 235.29, 11.19, 42.83, 66.58, 332.50, and
20.10. The hybrids exhibited significant variation in the evaluated traits. The highest
phenotypic variance was observed for grain yield per plant in both generations,
reaching 30.30 in F1 and 23.42 in F.. Heritability for the number of effective tillers
was high in the F: generation, reaching 0.76. Most hybrids showed statistically
significant differences across the majority of traits studied. However, inbreeding
depression was pronounced in hybrid (4x7) for the number of effective tillers (3.075),
and in hybrid (1x5) for grain yield per plant, with corresponding harvest index values
of 49.027 and 9.635. Additionally, hybrid (2x5) recorded a harvest index of 5.62.
This study provides valuable insights for breeding programs and can aid in the

development of improved wheat cultivars.
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INTRODUCTION

Identifying superior genotypes is the first step toward achieving the desired genetic
advance. Therefore, estimating the genetic variation associated with the effectiveness of
expected genetic gains will enhance the efficiency of future breeding programs. At present,
the focus should be on developing new genotypes through recombination, which is essential
for implementing a successful breeding strategy. This includes obtaining reliable information
on hybrid performance and comparing hybrids with their parental lines.

Additionally, understanding genetic deterioration caused by inbreeding in
segregating generations (such as F» and Fs) is crucial. This deterioration results from
increased genetic homogeneity due to the accumulation of deleterious alleles, which may be
partially or fully masked by dominant genes in earlier generations. As a result, continuous
self-pollination leads to a reduction in the mean values of quantitative traits. An increase in
the inbreeding coefficient enhances genetic similarity, thereby promoting the expression of
undesirable phenotypic traits associated with these harmful genes (Arnhold ef al., 2007).
Understanding the nature of gene action is essential in the inheritance of both quantitative
and qualitative traits. The way traits are transmitted from parents to offspring provides
valuable information for plant breeders when selecting appropriate breeding strategies to
improve these traits. Gene action represents how genes are expressed within genetic
populations, and certain types of gene action specifically control the inheritance of
quantitative traits (Mather, 1949).

Heterosis, or hybrid vigor, is considered one of the most significant discoveries in
plant breeding. It is a crucial applied phenomenon that has been extensively utilized in
breeding and crop improvement. The concept was first introduced by East (1908) and Shull
(1910), who demonstrated the benefits of hybridization in enhancing plant performance. The
inbreeding coefficient increases the proportion of genetically uniform pure components at
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the expense of genetic mixtures, which is reflected in phenotypic values. Populations with a
broad genetic base exhibit higher levels of genetic dispersion compared to those with a
narrow genetic base (Vianna et al., 1982). Dominant genetic action plays a key role in genetic
deterioration, which can be defined as the average deviation in trait values observed in the
second generation compared to the first generation of the same hybrid.

According to Carr and Dudash, 2003, genetic deterioration can manifest in three
forms, depending on the type of gene action (including epistasis), the nature of dominance
(complete, partial, or overdominance), and the number and locations of genes influencing
the trait. Several studies have addressed this topic, including those by Noorka et al. (2013),
Mohammed (2020, 2021), Haridy et al. (2021), Hasan and Aljbori (2023), and Almferji and
Aljbori (2023). The study aimed to study the genetic behavior of parents and hybrids using
the LinexTester method

MATERIALS AND METHODS

This experiment was carried out during the winter season of 2019-2020 to study the
genetic variation in both the first and second generations of bread wheat using the linextester
mating system, where field operations were carried out, including land preparation, thorough
plowing, leveling, and smoothing, as well as all agricultural operations required for crop’s
service, represented by irrigation, and weeding whenever needed. Phosphate fertilizer was
added according to the fertilizer recommendation. The parental genotypes and hybrids of the
first and second generations (7 parental genotypes, 12 first-generation hybrids, and 12 second
generation hybrids) were grown at the Field Station (FSCOAK), College of Agriculture,
University of Kirkuk, and harvesting was done on the 20" of May 2020, when the plants
reached the full maturity stage (golden yellow color), as indicated by the appearance of
maturity signs on the plants. A randomized complete block design (RCBD) was used, and
differences between genotype means were assessed using the Least Significant Difference
(LSD) method (Al-Zubaidy and Al-Jubory, 2016). Microsoft Excel and SAS software were
used for data analysis.

In the first generation (F1), heterosis was estimated based on the deviation of hybrid
performance from the mean of the two best parents. For the second generation (F2), genetic
deterioration (inbreeding depression) was calculated using the mean deviation between Fi
and F2. The significance of heterosis was tested using the t-test at the 1% and 5% probability
levels. The predicted mean of the F: generation was compared to those of the F. and Fs
generations. Inbreeding depression (ID) was calculated using the formula:

= [ID=EF:-F,,

where EF; is the expected mean of the first-generation hybrid and F- is the observed mean
in the second generation (Gomma and Shaheen, 1995).

I.D. = Inbreeding depression

EF: = The expected mean of the first-generation hybrid.

F> = The mean of the second-generation hybrid.

The expected mean of the F1 generation was estimated using Wright’s equation:(1922)

- EFi=F.— (1/2P1 + 1/2P2),

where Pi and P: are the means of the parent genotypes used to generate the hybrid.

The components of phenotypic variance (c?P) for all traits were estimated, including
total genetic variance (6*G), additive genetic variance (62A), dominance variance (62D), and
environmental variance (6°E), following the method of Walter (1975), using the expected
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mean squares from the analysis of combining ability. The total phenotypic variance was
expressed as:

* 5P =6%G + 6°E,

» with 6°G = 6%A + ¢?D.

Based on these components, the following genetic parameters were estimated:

» Broad-sense heritability (H?): H?> = G / 6°P

» Narrow-sense heritability (h?): h? = 6*A / 6*P

= Degree of dominance (3): a = V(20?D / 62A)

= Expected genetic advance (EGA): EGA =i x Vh? x Vo?P

» Expected genetic advance as a percentage of the trait mean (EGA%): EGA% = (EGA /§) x 100

RESULTS AND DISCUSSION

Table (1) shows the significance of the parents in the first and second generations in
the plant height, number of active tillers, spike length, and 100 grains, and in the first
generation only in the flag leaf area and grain yield, and the significance of male parents only
in all traits except biological yield, harvest index in the first and second generations, and
grain yield in the first generation only, as for female parents only and parentsxhybrids, they
were significant in the first and second generations in the number of active tillers, the weight
of 100 grains, and grain yield only in the first generation, as for the hybrids, they were
significantly superior in the number of active tillers in the two generations, the area of the
flag leaf, and the length of the spike in the second generation only, while the parents against
the hybrids were significantly superior in the first and second generations in the plant height,
the number of active tillers, flag leaf area, spike length, and the weight of 100 seeds. This
result agrees with (Noorka et al, 2013), (Mohammed, 2021), (Omar, and Al-Layla, 2024),
and (Mohammed,2025).

Table (1) Analysis of variance using the linextester method for the studied traits

S.0.vV Blocks Parents Males Female MalexFemale Crosses Parents vs. Error
Crosses
d.f 2 6 3 2 1 11 1 36
Traits M.S
Plant height F1 22.05 188.23** 357.06** 20.94 16.33 44.50 371.09** 27.23
F2 27.05 171.43** 363.62** 22.40 20.94 39.15 585.62** 29.60
Active tillers F1 1.30 2.11%* 1.62%* 1.87%** 4.07%* 3.55%* 140.59%** 0.23
F2 5.55 3.02%* 3.68%* 1.44%* 3.03** 4 .44%* 217.21** 0.17
Flag leaf area F1 455.13 1479.70*  3098.25** 188.70 39.38 981.51 6028.25%* 502.59
F2 25.96 1577.70 3021.42* 186.02 30.31 2027.78%  21075.55%* 880.81
Spike length F1 4.44 3.08** 3.66%* 1.04 0.73 1.13 12.48%* 0.68
F2 1.19 2.34%* 4.61%* 0.10 0.03 1.70* 28.48%* 0.66
Weight 100 Fl 22.22 72.98** 88.88** 50.76* 55.85% 17.09 309.66** 11.49
seed F2 6.65 70.91%* 90.84%** 53.42% 57.15 27.82 451.31** 15.50
Vield F1 22.22 72.98%* 90.84%** 53.76* 57.85% 17.09 309.66 11.49
F2 816.60 514.86 957.64 7.07 202.09 505.85 13089.49 191.46
Biology yield F1 1994830 8480.32 11755.51 2886.19 9892.81 7524.75 34392.86 3366.86
F2 11619.75 8488.42 11753.25 2880.21 9893.88 6380.12 200813.71 3926.33
Harvest index F1 37.14 23.89 36.99 11.59 5.52 33.47 318.39 7.39
F2 25.93 24.08 38.29 12.54 4.72 16.43 131.05 7.79

Table (2) shows the parents' values for the studied traits show that the plant height traits
differed significantly from the parents with an average of 90.21 for the parent Aras, unlike
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the parent Abu Ghraib, which had an average of 65.11. As for the number of active tillers
was significantly higher than the parent Barcelona, then Sham 6, then Aras, with an average
of 5.65. 5.15, and 5.11 were used for the rest of the parents, which had the lowest number
with an average of 3.41, and the rest of the parents varied between the highest and lowest
values. As for the flag leaf area, parent Aras excelled with an average of 235.29, unlike parent
Abu Ghraib, who had the smallest flag leaf area, which amounted to 157.56. In terms of spike
length, parent Aras excelled with an average of 11.19, unlike parent Abu Ghraib, who had
the lowest spike length, which reached 8.38 the rest of the parents had values that fell
between the two values and for weight 100. Parent Aras was significantly superior with an
average of 42.83, unlike parent Barcelona, who had an average of 27.23 for the rest of the
parents, the averages were different. For grain yield, the parent Aras excelled with an average
of 66.58, unlike the parent Ebaa99, which had the lowest average, which was 26.42, and the
rest of the parents took the seed yield between the two values. For biological yield, the parent
Aras was significantly superior to the parent, with an average of 332.50, unlike the parent
Jad, who took an average of 175.16, and the rest of the parents took the discrepancy between
the two values and the evidence of harvest. Parent Aras also excelled with an average of
20.10, unlike parent Ebaa99, who had an average of 11.51, and the rest of the values for the
other parents began to vary. We conclude from the above that parent Aras is superior in most
of the studied traits, which was reflected in the grain yield.

Table (2) Mean values of parents (males and females) for the studied traits
Abu

Traits Sham 6 Jad Barcelona Adana Ghraib Aras Abaa 99
Plant height (cm) 85.55a 80.39a 81.97a 83.27a 65.11b 90.21a 84.83a
Active tillers (tiller plant™) 5.15a 4.10b 5.65a 3.41b 3.73b S5.11a 4.05b
Flag leaf area (cm?) 197.04ab  199.42ab 184.75ab 195.80ab  157.56b  23529a  195.99ab
Spike length (cm) 10.01ab 10.05ab 9.70ab 9.33ab 8.38b 11.19a 10.47ab
Weight 100 seed (g) 34.75bc 34.36bc 27.23¢ 36.41ab  30.53bc 42.83a 32.10bc
Yield (g plant™) 35.01b 32.39b 35.09b 32.92b 35.80b 66.58a 26.42b
Biology yield (g plant™) 186.00b 175.16b 233.50ab 19233b  210.00b  332.50a  233.50ab
Harvest index (%) 18.27a 18.73a 14.98ab 16.87a 17.06a 20.10a 11.51b

Table (3) shows the superiority of the hybrid (4%6) with an average of 92.28 in the first
generation, and the hybrid (2x5) with an average of 93.58 in the second generation, while
the hybrid (4x7) had an average of 85.92 and 80.77 in the first and second generation for the
high trait the plant height, in of the number of active tillers, the hybrid (4x6) was superior
with an average of 9.42 and 10.35 in the first and second generations, unlike the hybrid (1x7)
with an average of 6.22 in the first generation and (4x7) with an average of 6.25 in the second
generation. in the flag leaf area, the hybrid (4x6) was superior to an average of 225.39 in the
first generation and the hybrid (1x6) with an average of 282.47 in the second generation,
unlike the hybrid (3%7) with an average of 179.29 in the first generation and the hybrid (3x5)
with an average It reached 203.14 in the second generation, the spike length, the hybrid (4x7)
had an average of 11.94 in the first generation, and the hybrid (1x6) had an average of 12.18
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in the second generation, the hybrid (2x5), which had an average of 10.10 in the first
generation, and the hybrid (3x5), which had an average 10.05 in the second generation For
the weight of 100 grains the hybrid (1x7) was superior with an average of 43.35, unlike the hybrid
(2x5) with an average of 36.93 in the first generation, and the hybrid (4x6) with an average of 43.60,
unlike the hybrid (4x7) with an average of 33.20 in the second generation, in grain yield, the hybrid
(1x5) was superior to an average of 107.48, while the hybrid (3x6) was superior to an average of
35.04 in the first generation, while the hybrid (4x6) was superior to an average of 88.01, while the
hybrid (4x7) was superior to an average of 43.83 in the second generation, the biological yield was
superior to the hybrid (1x5) with an average of 384.83, unlike the hybrid (3x6) with an average of
210.83 in the first generation, and the hybrid (2x6) with an average of 408.33, unlike the hybrid (4x7)
with an average of 256.66 in the second generation, as the harvest index, the hybrid (1x5) was
superior with an average of 28.04, unlike the hybrid (3x6) with an average of 16.49 in the first
generation, and the hybrid (3x5) with an average of 22.93, unlike the hybrid (3x6) with an average

of 16.20 in the second generation.

Table (3) Mean values of hybrids for the studied traits

Plant height (cm) Active tillers Flag leaf area Spike length

Hybrids —¢ F2 F1 F2 F1 F2 F1 F2

1x5 91.56a 85.07 6.42de 9.07c  219.79bc 258.57ab 11.16ab  12.13a
1x6 86.91de 89.58bcd  7.23cd 9.12bc  221.83b 282.47a  10.15b 12.18a
1x7 88.39cd  92.20ab 6.22¢ 7.72d  220.58bc 223.15bc  10.53b 12.00a
2x5 89.55bc  93.58a 6.35de 8.90c  198.10cd 263.07ab  10.10b 11.81a
2x6 88.44cd 87.92cde  7.05de 9.62b  229.39b 254.24ab  10.33b 11.05b
2x7 90.58ab  91.39abc  7.87bc 8.95c  210.85bc 240.57abc 10.48b 12.00a
3x5 82.05fg 89.71bcd  8.32b 8.22d  216.41bc 203.14c 11.16ab  11.03b
3x6 81.24g 90.56abc  7.92bc 7.70d  207.29bc 208.21c  10.91ab  10.83bc
3x7 82.56fg  85.37e 7.91bc 8.27d 179.29d  208.95¢ 10.51b 10.05d
4x5 83.43f 86.62de 8.49b 7.85d  221.48bc 20531c 10.96ab  10.40cd
4x6 92.28a  86.39de 9.42a 10.35a  255.39a 235.19bc  11.89a 11.95a
4x7 85.92¢ 80.77¢ 9.32a 6.25¢  216.90bc 236.94bc  11.94a  10.66bc

Weight 100 seed Yield Biology yield Harvest index

Hybrids — &y F2 F1 F2 F1 F2 F1 F2

1x5 39.33abc  40.18ab  107.48a 58.45abc 384.83a 317.66ab 28.04a  18.41ab
1x6 41.36ab  41.45a 58.70bcd 76.55ab 281.16abc 381.00ab 20.99b-e¢ 20.29ab
1x7 43.35a 42.63a  67.53bc 68.9labc 292.16abc 303.33ab 23.15a-d 22.87a
2x5 36.93bc  41.6la 60.90bcd 76.75ab 233.66bc 392.16a 25.24ab  19.48ab
2x6 37.96abc  40.85a  48.41cd 77.10ab 248.33bc 408.33a 19.37cde 19.13ab
2x7 41.56ab  43.43a 58.59bcd 82.98ab 264.00bc 382.50ab 22.0l1becd 21.77ab
3x5 37.95abc  37.40ab  53.53cd 76.89abc 259.33bc 328.16ab 20.76b-d 22.93a
3x6 34.63c  38.2lab 35.04d 53.17abc 210.83c 328.00ab  16.49¢ 16.20b
3x7 39.45abc  37.6lab 46.14cd 63.42abc 245.83bc 357.66ab 18.91de 17.87ab
4x5 37.38abc 38.20ab  56.68cd 63.85abc 245.33bc 309.00ab 23.13a-d 20.96ab
4x6 39.26abc  43.60a  87.10ab  88.0la 355.83ab 391.50a 24.49abc  22.51a
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4x7 37.18bc  33.20b  47.52cd  43.83c  269.16bc 256.667b 17.66de  16.75b

Table (4) shows the variance estimates for the general combining ability s2g.c.a, the specific
combining ability S%s.c.a, the variance of the additive genetic S2A, the dominance $?D, the genetic
s2G, the phenotypic S$?P, and the environmental S%e for all the studied traits and the coefficient of
variation for all the genetic parameters above, The values of the dominant genetic variation with the
values of the additive genetic variation found that the dominance variation was greater in plant height,
flag leaf area, spike length, grain yield, biological yield, and harvest index, as it reached 20.59,
378.51, 0.20, 264.88, 1189.43, and 7.47, respectively, per first generation, the number of actives
tillers, flag leaf area, and grain yield, which reached 1.40, 413.15, and 90.23, respectively, in the
second generation, is evidence of its importance in the inheritance of these traits while the additive
genetic variation is greater in the dominance of these traits, in contrast to the number of actives tillers
and the weight of 100 grains, which reached 14.99,in first generation, plant height, spike length, and
harvest index were 2.58, reaching 14.99, 0.67, and 8.91, respectively, in the second generation. When
comparing the genetic variance values with the environmental variance values, the genetic variance
values were higher than the environmental variance value only in the number of active tillers, grain
yield, and harvest index in the first generation, the number of active tillers, and spike length in the
second generation. As for the rest of the traits, the environmental variance was greater than the genetic
variance for the first and second generations. The explanation is that these characteristics are affected
by the environment. It was observed that the highest coefficient of variation was dominance from an
additive coefficient of variation in plant height, flag leaf area, spike length, grain yield, biological
yield, and harvest index in the first generation, while plant height, number of active tillers, flag leaf
area, weight 100 grains, grain yield, and biological yield in the second generation, while the opposite
is the additional coefficient of variation was greater than the dominance coefficient of variation in
the number of active tillers, weight of 100 grains in the first generation, spike length, and harvest
index in the second generation.

When comparing the coefficients of genetic variation with the environmental coefficient of
variation, it was found that the coefficient of genetic variation was greater in the number of active
tillers, grain yield, and harvest index in the first generation, the number of active tillers, and the spike
length in the second generation. The opposite was true for the flag leaf area, the spike length, and 100
weight grains in the first generation, plant height, and flag leaf area, 100 weight grains, grain yield,
biological yield, and harvest guide in the second generation. From the above, we can selection for
those traits that showed high genetic coefficients of variation, because it expresses the extent of
dispersion in the trait, which was reflected in the phenotypic variation. The highest phenotypic
coefficient of variation was in the number of active tillers, grain yield, and biological yield in the first
generation, flag leaf area, grain yield, and harvest index in the first and second generation. The
heritability in the broad sense was high in plant height, number of active tillers, grain yield, and
harvest index in the first generation, and in plant height, number of active tillers, flag leaf area, spike
length, and harvest index in the second generation, while it was between medium and low in the rest
of the traits and for the first and second generations, and this may explain high degrees of broad
heritability indicate a high value of genetic variation compared to phenotypic variation. As for
heritability in the narrow sense, it was high in the number of active tillers in the first generation, plant
height, and spike length in the second generation, while the rest of the traits were low for the first and
second generations, those traits in which the heritability in the narrow sense was low for some traits
are that most of the genetic influences on them were of the type, not additive, but those that were
high, this means that there were additive effects of the genetic action in them As for the average
degree of dominance, it was greater than one for spike length, grain yield, biological yield, and
harvest index in the first generation, flag leaf area, and weight of 100 grains in the second generation,
and it was less than one for the rest of the traits and for the first and second generations, this indicates
that the genes are under superior dominance, if it is less than one, this indicates that the genes are
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under partial dominance. The expected genetic advance as a percentage was moderate in the number
of active tillers, and biological yield in the first generation, and was low in the rest of the traits and
for the first and second generation.

Table (4) Values of some genetic parameters for the traits studied

Parameter Plant height Active tiller Flag leaf area Spike length
F1 F2 F1 F2 F1 F2 F1 F2
s?g.ca -3.54 3.74 0.70 -0.20  -72.21  78.90 0.05 0.16
g.caCV - 9.43 10.85 - - 3.77 2.06 3.52
s?s.c.a= s°D 20.59 7.02 0.19 1.40 378.51 413.15 0.20 0.33
DCV 5.22 12.92 5.65 13.92 8.98 8.64 4.12 5.06
s?A -7.07 14.99 1.40 -0.82  -144.42 315.62 0.11 0.67
ACV - 4.38 15.34 - - 7.56 3.05 7.21
s’G 13.52 22.01 1.59 0.58 234.09  728.77 0.31 1.00
GCV 4.23 5.31 16.35 8.95 7.06 11.48 5.13 8.81
s’E 27.23 29.60 0.23 0.17 502.59  880.81 0.68 0.66
ECV 6.00 6.16 6.22 4.85 10.35 12.62 7.60 7.16
s?P 40.75 51.61 1.82 0.75 736.68 1609.58 0.99 1.66
PCV 7.34 8.13 17.49 10.18 12.54 17.07 9.17 11.36
h?.b.s% 0.91 0.42 0.87 0.77 0.31 0.45 0.31 0.60
h?.n.s% - 0.29 0.76 - - 0.19 0.11 0.40
A - 0.96 0.52 - - 1.61 1.90 0.99
DG - 3.64 1.79 - - 13.3 0.19 0.90
DG% - 4.12 23.21 - - 5.65 1.75 7.93
Parameter Weight 100 seed Yield Biology yield Harvest index
F1 F2 F1 F2 F1 F2 F1 F2
s?g.ca 1.29 0.06 30.65 -4.80 93.26 -620.78 1.15 2.22
g.caCV 2.92 0.61 9.12 - 3.52 - 4.94 7.47
s?s.c.a= s’D 0.22 4.21 264.88 90.23 1189.43 1715.75 7.47 -1.57
DCV 1.20 5.14 26.83 13.73 12.57 11.96 12.60 -
s?A 2.58 0.26 61.30 -19.23  186.53 -2483.14 2.31 8.91
ACV 4.13 1.27 12.91 - 4.98 - 7.00 14.97
s’G 2.8 4.47 326.18 71.00 1375.96 - 9.78 7.34
GCV 4.30 5.30 29.78 12.18 13.52 - 14.41 13.59
s’E 11.49 15.50 11.49 191.46 3366.86 3926.33 7.39 7.79
ECV 8.72 9.87 5.58 20.00 21.16 18.09 12.53 14.00
s?P 14.29 19.97 337.67 26246 4742.82 - 17.17 15.13
PCV 9.72 11.20 30.30 23.42 25.11 19.10 19.51
h?.b.s% 0.19 0.22 0.96 0.27 0.29 - 0.56 0.48
h?.n.s% 0.18 0.01 0.18 - 0.03 - 0.13 -
A 0.41 5.69 2.93 - 3.57 - 2.54 -
Dg 1.19 0.07 5.78 - 3.61 - 0.94 -
Do 3.06 0.17 9.53 - 13.16 - 4.33 .
G%

(-) Variance values are negative due to sampling error

Table (5) shows the significance of the heterosis calculated based on the best parents in plant
height, the heterosis was significant in the desired direction in the first generation for (1x5), (21 5),
(21 6), (21 7), (4x6) and (4x7) its values reached (1.84), (1.78), (2.25), (4.93), (5.56), and (1.21),
respectively, as for the second generation, the hybrid superior (1x7), (2x5), (3x7), and (41 5), whose
values reached (0.92), (3.43), (2.72), and (0.90), respectively. As for the number active of tillers, it
was significantly superior in the first generation and the desired direction, the hybrids (1x5), (1x6),
(3%5), (4x6), and (4x7) took values of (0.45), (0.52), (0.25), (0.35), and (0.38), respectively, while in
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the second generation, the hybrids (1x6), (2x5), (2x6), (2x7), and (4] 6), with values reaching (0.28),
(1.088), (0.51), and (1.90), respectively. In the flag leaf area, the hybrids (1x5), (1x6), 2x6, (4%6),
and (4x7) outperformed in the first generation, taking values of (11.66), (5.14), (20.35), (22.77) and
(7.64), respectively, but in the second generation, the hybrids (1x6), (2x6), (4x6), and (4x7) took
values of (17.85), (22.10), and (28.08) and (14.25) respectively. As for the spike length trait, the
hybrids (1x5) and (4%x7) excelled, taking values of (0.85) and (0.47) respectively in the first
generation, and the hybrids (1x5), (2x7), (4x6) and (4%X7) took values of (0.36), (0.58), (0.86) and
(0.13) respectively. The hybrids (1x7), (2x7), and (4x7) excellent in weight of 1000 grains, and their
values reached (1.78), (2.29), and (1.47), respectively, in the first generation, while in the second
generation, the hybrids superior were (2x5), (2x7), and (4x6), with values reaching (2.33), (2.29),
and (4.10), respectively. In grain yield, the hybrids (1x5), (2x7), and (4x6) were significantly superior
in the first generation, taking values of (27.11), (12.34), and (18.98), respectively, and the hybrids
(2%x5) (2x6) and (4%6) in the second generation took values of (17.882), (7.40), and (14.46),
respectively. The hybrids (1x5), (2x7), (4%6), and (4x7) excelled in the biological yield, with values
reaching (68.08), (29.088), (48.55), and (26.44) in the first generation, the hybrids (2x5), (2x6), and
(4%6) reached of (64.34), (31.69), and (68.12) in the second generation, respectively.

As for the harvest index, the hybrids (1x5), (2x5), (2x7), (4%5), and (4x6) excelled, taking values of
(3.26), (2.777), and (1.99). ) and (1.72) and (2.33) in the first generation, respectively, while the
hybrid (2x5) was only in the second generation, as its value reached (1.67).

Table (5) The heterosis values of the hybrids at the mid-parents for the studied traits

. Plant height Active tiller Flag leaf area Spike length
Hybrids 5, F2 F1 F2 F1 F2 F1 F2
15 16.23%%* 9.74%%* 1.98%* 4.63%* 42.49%*  B1.27** 1.97** 2.94%*
1x6 -0.97 1.69 2.10%* 4.00%* 5.66 66.31%* -0.45 1.59%*
1x7 3.19%%* 7.00%* 1.63%%* 3.13%%* 24.06* 26.64 0.29 1.76%*
2x5 16.80*%*  20.83** 2.43%* 4.98%* 19.61%* 84.58%* 0.89%* 2.60%*
2%6 3.14%* 2.62 2.45%%* 5.02%%* 12.03 36.89% -0.28 0.44
2x7 7.97%* 8.77H* 3.80%* 4.88%* 13.15 42.86%* 0.23 1.74**
3x5 8.51*%* 16.17%* 3.63%* 3.53%x 45.26%* 31.98 2.12%* 1.99%**
3x6 -4.85%* 4.47%* 2.55%%* 2.32%%* -2.73 -1.81 0.47 0.39
3x7 -0.84 1.97 3.06%* 3.43%%* -11.07 18.58 0.42 -0.04
4x5 9.25%%* 12.44*%* 4.91%* 4.28%%* 44.80%* 28.63 2.11%* 1.55%*
4x6 5.54%% -0.35 5.17%* 6.09%* 39.84** 19.64 1.64** 1.69**
4x7 1.86* -3.28% 5.59%%* 2.52%%* 21.01%* 41.05% 2.04%* 0.77%*
S.E 1.28 2.37 0.56 0.36 13.95 27.54 0.63 0.36
Hybrids Weight 100 seed Yield Biology yield Harvest index
F1 F2 F1 F2 F1 F2 F1 F2
1x5 6.69%* 7.54% 72.07** 23.05%* 186.83**  119.67* 10.38%* 0.74
1x6 2.58 2.66 7.91 25.76* 21.92 121.75% 1.81 1.11
1x7 9.93%* 9.21** 36.81%*  38.19%* 82.42 93.58 8.26%* 7.98%*
2%5 4.48 9.17** 26.80%* 42.65%* 41.08 199.58**  7.34%%* 1.58
2x6 -0.63 2.25 -1.08 27.62% -5.50 154.50%* -0.04 -0.28
2x7 8.33%%* 10.20%** 29.19% 53.58%%* 59.67 178.17**  6.89%* 6.65%*
3x5 9.07** 8.52%* 18.09 41.44%* 37.58 106.42* 4.73* 6.91**
3%6 -0.40 3.18 -15.79 2.34 -72.17 45.00 -1.05 -1.34
3x7 9.78** 7.95%* 15.39 32.66%* 12.33 124.17* 5.67** 4.63*
4x5 3.91 4.73 22.31 29.48* 44.17 107.83* 6.16%* 3.99
4x6 -0.36 3.97 37.35%%  38.27*%* 93.42% 129.08* 6.00%* 4.03
4x7 2.93 -1.06 17.85 14.16 56.25 43.75 3.47 2.56
S.E 3.59 4.51 18.25 17.67 68.72 75.16 3.27 3.32
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Table (6) shows the value of the deterioration inbreeding coefficient in the second generation, for
the plant height trait, which is superior to the hybrid (1x5) and (4x6), with significant values for
inbreeding coefficient, which are (6.489*) and (5.890%), respectively, this is due to the general
combining ability to the parents, which he inheritance to his hybrids, these results were consistent
with the results of (Jaiswal et al, 2018), and some values were positive and negative, but did not reach
the limits of significance. As for the number of active tillers, the hybrid (4%7) was significantly
superior to the inbreeding coefficient value, which amounted to (3.075%), while the rest of the hybrids
were non-significant, some positive and others negative. Due to the flag leaf area, no hybrids reached
the significant limits, but some of them were positive and some were negative, they did not reach the
significant limits for all hybrids, and this indicates that there was no genetic deterioration in the
second generation, accompanied by a superiority of the hybrids in the second generation over what
they were in the first generation, resulting from the additive genetic action, the segregation of the
above trait did not occur, while the rest of the hybrids did not reach the limits of significance. The
value of the hybrid (4x7) was found to be inbreeding coefficient, as it reached (1.273*) and the rest
of the hybrids did not reach the significant limits for the trait of spike length, this indicates the fixation
of the genes with additive action in this hybrid and their distinction in the second generation for the
trait of spike length. For the weight of 100 grains, the inbreeding coefficient values were not
significant for all hybrids, but some were positive and some were negative, they did not reach the
level of significance for all hybrids, and this indicates that there was no genetic deterioration in the
second generation, accompanied by a superiority of the hybrids in the second generation over what
they were in the first generation, resulting from additive active inheritance. As for the grain yield, the
hybrid (1x5) excelled with the highest significant inbreeding coefficient value, reaching (49.027%*).
The rest of the hybrids did not reach the significant limits, but some values were positive and some
negative, the reason for the inbreeding coefficient of this hybrid in the second generation is due to
the presence of non-additive genetic action, to control the inheritance of this trait, while the rest of
the hybrids did not reach the level of significant deterioration, and these results were similar to the
results of (Kumar et al, 2 O 1 Bhe biological yield was significantly superior to the hybrid (1x5) with
the inbreeding value amounting to (67.167%*) and the rest of the hybrids did not reach the significance,
this means that there was no segregation of the trait in the third generation as a result of the influence
of the additive genes that control this trait, while the rest of the hybrids caused a deterioration,
negative and positive, but it did not reach significance. As harvest index, the hybrids (1x5) and (2x5)
were superior with inbreeding values reaching (9.635**) and (5.762*%*), respectively. The rest of the
hybrids did not get the significance, the reason for the deterioration of these two hybrids in the second
generation is due to the presence of Non-additive genetic action controls the inheritance of this trait,
while the rest of the hybrids did not reach the level of significance for deterioration, and these results
were similar to the results of (Kumar et al, 2018).

This is due to the fixation of genes with additive genetic action, which means that there is an
additive genetic action that controls the trait, as happens in most traits with non-significant
deterioration, inbreeding works to increase the genetic similarity of the genes, and thus the expression
of bad phenotypic traits as a result of those genes increases, which makes selection more effective to
exclude harmful genes from a population with inbreed lines by excluding weak progeny, and thus
they can be selected and made into a new variety after being adopted in subsequent generations until
they reach the stage of genetic stability.
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Table (6) Genetic deterioration through breeding in the F2 generation

Hybrids Plant height Active tiller Flag leaf area Spike length
1X5 6.489% -2.650 -38.782 -0.963
1X6 -2.667 -1.898 -60.645 -2.033
1X7 -3.811 -1.500 -2.580 -1.467
2X5 -4.033 -2.550 -64.973 -1.717
2X6 0.522 -2.575 -24.855 -0.720
2X7 -0.806 -1.075 -29.717 -1.513
3X5 -7.659 0.100 13.277 0.133
3X6 -9.325 0.225 -0.922 0.083
3X7 -2.808 -0.365 -29.658 0.460
4X5 -3.192 0.635 16.167 0.567
4X6 5.890%* -0.925 20.202 -0.053
4X7 5.139 3.075%* -20.038 1.273%

S.E 1.52 0.71 17.42 0.519

Hybrids Weight 100 seed grains yield g.plant-1 Biology yield Harvest index %
1X5 -0.850 49.027** 67.167* 9.635%*
1X6 -0.083 -17.848 -99.833 0.697
1X7 0.717 -1.378 -11.167 0.280
2X5 -4.683 -15.848 -158.500 5.762%*
2X6 -2.883 -28.695 -160.000 0.238
2X7 -1.867 -24.390 -118.500 0.243
3X5 0.550 -23.350 -68.833 -2.175
3X6 -3.583 -18.137 -117.167 0.291
3X7 1.833 -17.278 -111.833 1.044
4X5 -0.817 -7.170 -63.667 2.170
4X6 -4.333 -0.912 -35.667 1.974
4X7 3.983 3.693 12.500 0.913

S.E 2.209 8.798 31.686 1.618
CONCLUSION

The ARAS genotype consistently outperformed the other parental lines across most
evaluated agronomic traits, underscoring its potential as a valuable genetic resource in wheat
breeding programs. The observed low to moderate estimates of narrow-sense heritability in
both Fi and F» generations indicate a limited contribution of additive genetic variance,
suggesting that early-generation selection may be inefficient and that genetic improvement
would benefit from selection in advanced segregating populations. Marked inbreeding
depression was detected in specific hybrid combinations, reflecting the substantial role of
non-additive gene effects. Hybrid (4x7) exhibited a highly significant reduction in the
number of active tillers (3.075), while hybrid (1x5) showed pronounced declines in grain
yield per plant and harvest index, with values reaching 49.027 and 9.635, respectively.
Furthermore, hybrid (2x5) demonstrated a noticeable decrease in harvest index (5.62).
Collectively, these findings emphasize the predominance of dominance and epistatic gene
actions in the inheritance of the studied traits, highlighting the importance of exploiting
heterosis and carefully selecting parental combinations to maximize genetic gains in wheat
improvement strategies.
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