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ABSTRACT

The study conducted to improve bread wheat genotypes with high grain yield, yield related traits, and quality. A half diallel mating
design involving seven bread wheat parents (Maroof, Aras, Hsad, Alaa, Tamuz-2, Adana and Sabr Beg) and their 21 progenies were
used to study the combining ability in bread wheat. Seven bread wheat (Triticum aestivum L.) parents and 21 F; crosses were evaluated
using half-diallel analysis under RCBD with three replications. The parent Tamuz-2 emerged as the best general combiner for several
yield attributes, whereas the cross 1x5 exhibited maximum for spike weight plant?, biological yield, and protein content. Cross 5x2
recorded maximum for grain weight spike™* and thousand grain weight, besides recording maximum grain yield. There is strong genetic
diversity in many of these attributes. Though the additive and non-additive actions were significant, the latter predominated in many of
the attributes. Suitable parent and cross combinations have been identified to be useful in future breeding work. The Analysis of variance
reveal that the general combining ability (GCA) of the parents was significant for days to heading and spike length and highly significant
for plant height, spike weight, grain number spike, grain weight spike™, thousand grain weight, harvest index, biological weight plant-
1 protein content, and grain yield plant™, while the specific combining ability (SCA) effects of the crosses were highly significant for
almost all of the traits. In particular, for the sike length, (hZ ;) =0.503 and (hZ ;)= 0.154; for grain yield plant, (hZ ;)= 0.950 and (h2 ;)=
0.464. The high value of h2  for biological yield per plant (0.981) pointed to the strong genetic influence, while the smaller (h2 )
(0.474) indicated smaller additive variance, reducing selection efficiency.

https://creativecommons.org/licenses/by-nc/4.0/
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and new pathogens. Breeders challenge to improve these traits to
create wheat types that can withstand biotic and abiotic
challenges and yield [

1 Introduction

Bread wheat (Triticum aestivum L.) is a most important food crop
that provides billions of calories and proteins. It helps playing a
vital role in global food security. The world's population is
expected to reach 10 billion by 2050, which would boost the need
for wheat. This will be affected by shifting tastes for wheat-based
foods. As a result, agricultural scientists and breeders need to
come up with new ways to breed and grow wheat in order to
increase yields 2. Enhancing grain output and the several
agronomic traits that accompany it is the primary objective of
wheat breeding efforts; however, they also have other objectives.
Kernel weight, plant height, drought resistance, and disease
resistance are the most important characteristics, and these are
becoming increasingly important as a result of climate change

In bread wheat, the sum of squares is often split into parts for
General Combining Ability (GCA) and Specific Combining
Ability (SCA) when the variation for combining ability is
analyzed. Studies demonstrate that both GCA and SCA effects
are typically extremely significant, the findings of the study
indicate that genotypic variation is highly significant in
identifying the desirable traits of wheat. The notable impacts of
both GCA and SCA demonstrate that particular genotype
combinations and overall genotype performance are crucial for
trait improvement. This knowledge can aid with breeding
strategies by helping you choose the best genotypes and look into
helpful hybrid combinations that can make wheat better [*%1, Half-

* Corresponding author diallel Mating design is popular in breeding of wheat to examine
E-mail address fatih.karim@spu.edu.ig (Instructor). parental line performance and crosses. The way is an efficient
Peer-reviewed under the responsibility of the University of Garmian. means of examining the combining ability and the control of the
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genetic characteristics of yield and other associated traits. This
method provides insights into gene functionality and aids in
identifying optimal parental pairings that can yield varieties with
enhanced features [,

The study highlights the importance of gene effect, both additive
and non-additive, in the development of yield and other related
characteristics in bread wheat. An understanding of these genetic
processes will help breeders to optimize parental choice and make
efficient breeding programs to produce high performing and
robust varieties of wheat "1,

The objective of the present study was to enhance genotypes of
bread wheat breeds in terms of their high yield, traits related to
yield, and quality through a half-diallel mating design which
compared the combining ability of seven parents with 21 F;
offspring. The study has also determined the important genetic
characteristics affecting the yield and the adaptation status, and
thus can be applied to guide practical breeding programs in wheat
to produce productive, resilient, and more nutritionally enhanced
types of wheat to ensure food security.

2 Materials and Methods

A half-diallel non-reciprocal mating scheme was used to produce
21 F; hybrids in the 2022-2023 seasons in which controlled
emasculation and hand pollination of seven parental genotypes of
bread wheat (Triticum aestivum L.) were performed. (Table 1)
was used to get parental genotypes at the Directorate of central
research in Irag. This produced Fi seeds, which were further
developed to F; generation and tested in the 2023-2024 growing
season at the College of Agriculture production farm, about 2 km
outside the Sulaymaniyah center. The experiment was constituted
in the randomized complete block design (RCBD) consisting of
three replications. Plots were made up of three-meter-long rows,
separated by a distance of 30 cm and 10 cm between plants.
Agronomic procedures, such as plowing, application of compost,
and weeding were effectively applied all through the
experimental time. Estimation of general combining ability
(GCA) and specific combining ability (SCA) effects on yield and
yield-related traits was done using a half-diallel analysis of the
following model: Statistical model for General Combining
Ability (GCA) and Specific Combining Ability (SCA) in diallel
cross analysis (Griffing, 1956). The governing equations and
their corresponding boundary conditions are given as follows [&
9]

Statistical model (Griffing, Method I1) "],

Yijz u+ g; + g}+ Sl'j+ €j (l <]) (1)
Where:
Y;;= Observed performance of the hybrid (cross

between the i th and j th parents.
p = Overall mean of all genotypes.
g:= General combining ability effect of the ith parent.

g;= General combining ability effect of the jth parent.
Sij = Specific combining ability effect of the cross i X j.
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eij = experimental error.

General Combining Ability variance; [I:
2 _ MSgca-MSg

O0Gca = Tt

Specific Combining Ability variance; [I:

_ MSsca-MSg

@)

Oca = 0 3)
Where:
a5 Non-additive (dominance and epistasis) genetic variance.
Additive genetic variance(g2); I
07 =208, .
Where:
a?: Additive genetic variance.
Genetic effects in diallel crosses. [,
Y, = u+ GCA;+ GCA; + SCAy + ey,
®)
Where: Y;; =performance of cross ix;j
GCA; + GCA;= general combining ability effects.
SCA;; = specific combining ability (non additive).
e;;= error.
The average degree of dominance (3);
i 20¢cu déca
Heritability in broad-sense (hZ ,);:

o4+ ap

r

(4)

(6)

2
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op 04t optoag
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Heritability in narrow-sense heritability( h2 ); [
2 = ﬁz - 2U{ZGCA}

n.s 0’1,% aﬁ+ Ug+ 03 ZO'(Z;CA+ U.%CA"' Jg
Where:
h? ... Heritability in broad sense.
hZ ... Heritability in narrow sense.
0éc4: The variance of general combining ability.
02,4 The variance of specific combining ability.
g2:  The variance of experimental error (i.e., environmental
variance)
oé: Total genetic variance
a2 Phenotypic variance (genetic and environmental variance)
To collect data, five plants were randomly sampled in each plot
making fifteen plants per genotype. Data recorded were days to
50% heading, days to 50% maturity, plant height, number of
tillers, spike length, spike weight, number of grains per spike,
grain weight per spike, 1000-gram weight, harvest index,
biological yield per plant, protein content and grain yield per
plant. The lines of parents and F; hybrids were analyzed by
analysis of variance (ANOVA), Twenty-one bread wheat hybrids
were generated from a seven-parent half-diallel crossing matrix
(Table 2).
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The monthly minimum, maximum, and average temperatures statistical analyses were performed using XLSTAT version
(°C), alongside the total monthly rainfall (mm) recorded during 2019.2.2, statistical and data analysis solution developed by
the wheat growing season, are presented in (Table 3). The Addinsoft.

Table 1: Seven Bread Wheat parental genotypes and their pedigree used in the study.

Number Variety Name Pedigree
1 Maroof NAKAN/2IMTNTK x TMM11ATNDA-2
2 Aras SONORA 64x LERMA ROJO 64) x SENTACLENA
3 Hsad AKI115N3A9T9CC1H/5K9A91HITAABMT
4 Alaa SEEITMEA x 10
5 Tamuz-2 SABR BEG/MAXIBAC (RAD.)
6 Adana 118//S2/57-S2-SR7-S2
7 Sabr Beg Local Variety

Table 2: Twenty-one Bread Wheat hybrids produced from seven genotypes using half-diallel cross.
No. Hybrids Diallel Crosses and Parental No.
1 Maaroof x Aras 1x2
2 Maaroof x Hsad 1x3
3 Maaroof x Alaa 1x4
4 Maaroof x Tamuz-2 1%5
5 Maaroof x Adana 1x6
6 Maaroof x Sabr Beg 1x7
7 Aras x Hsad 2x3
8 Aras x Alaa 2x4
9 Aras x Tamuz 2 2x5
10 Aras x Adana 2x6
11 Aras x Sabr Beg 2x7
12 Hsad x Alaa 3x4
13 Hsad x Tamuz 2 3x5
14 Hsad x Adana 3x6
15 Hsad x Sabr Beg 3x7
16 Alaa x Tamuz 2 4x5
17 Alaa x Adana 4x6
18 Alaa x Sabr Beg 4x7
19 Tamuz 2 x Adana 5%6
20 Tamuz 2 x Sabr Beg 5x7
21 Adana x Sabr Beg 6x7

Table 3: Qlyasan Location Monthly Weather Data season 2023-2024.

Months Mini. Temp. (°C) Max. Temp. (°C) Avg. Temp. (°C) Rainfall (mm)
October 16.2 27.7 21.9 9.3
November 10.7 20.1 15.4 78.9
December 6.9 16.4 11.7 59.1
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January 5.4 13.4 9.4 97.7
February 5.0 13.1 9.1 196.5
March 7.7 17.5 12.6 144.6
April 15.8 27.2 21.5 38.6
May 16.3 27.8 22.1 99.6
Total rainfall 7243

(Sulaimani Directorate of Meteorology and Seismology).

3 Results and Discussion

The analysis of variance in (Table 4) demonstrated that the mean
square of the genotypes was significant for most of the evaluated
traits, including days to %50 heading, plant height, number of
tillers/plant, spike length, weight of spike/plant, number of
grains/spikes, weight of grains/spike, 1000 grain weight, harvest
index, biological yield/plant, protein content and grain yield/plant. In
contrast days to %50 maturity showed only significant effect, The
general combining ability (GCA) effects exhibited significant
differences for several traits, reflecting the importance of additive
gene action. GCA mean squares were highly significant for plant
height, weight of spike, number of grains per spike, weight of
grains per spike, 1000—grain weight, harvest index, biological
yield per plant, protein content, and grain yield per plant.
Meanwhile, days to 50% heading and spike length showed
significant GCA effects, whereas days to 50% maturity and
number of tillers per plant were non-significant, indicating a

relatively limited contribution of additive genetic effects for these
traits (19,

Regarding specific combining ability (SCA), the mean squares
were highly significant for days to 50% heading, plant height,
weight of spike, number of grains per spike, weight of grains per
spike, 1000—grain weight, Harvest Index, biological yield per
plant, protein content, and grain yield per plant. while days to
50% maturity and number of tillers per plant spike length were
non-significant (1222,

These findings indicate that both additive (GCA) and non-
additive (SCA) gene actions play important roles in controlling
most yield and yield-related traits in bread wheat. The significant
variability among genotypes and the combining ability effects
suggest the presence of promising parental lines and cross
combinations that can be effectively utilized in future wheat
breeding programs aimed at improving yield potential and grain
quality 1231,

Table 4: Mean squares of variance analysis of traits.

S.0.V | df | DH DM PH NT | SL WS NGS | WGS | TGW H.1 BY PC GY
Block | 2 | M190 ] 107500 | 18.746ns | O120 | 47611 4y 66sns | 25007 | %% | 1887ns | Lisns 3:643 1 0005 4 0.197
n.s n.s n.s n.s n.s
Gen. |27 | 2312 | 2737 | 1areore | 0766 | LTI2 1 g qegus | a150770 | 0205 | sppa3ex | 318310 | 193.134% | 0782 | 59 gr7sx
Gea | 6 | O34 | 2410ns | 74960+ Ofgo L2341 475050 | 2813500 | 0489 1 94 5970% | 19.8a3%% | 1213000 | 0373 | 24366+
scA | 21 | 07841 0488l gg 30gus | 0243 1 0381 s gszus | 975000 | OIS | ys310%x | 70700k | agioges | 0229 | 821
n.s n.s n.s
Ei‘(’)‘r 5410302 | 0343 11639 | 0.139 | 0.462 | 3.908 9.860 | 0.018 | 1.483 2.068 1421 | 0.008 | 0.583

DH- Days to 50% heading, DM- Days to 50% maturity, PH- Plant height (cm), NT-Number of tillers, SL- Spike length(cm), WS- WS(g), NGS-NGS,
WGS-weight of grains per spike(g), TGW-1000 grain weight, HI- Harvest index; BY- Biological yield per plant (g), PC protein content, GY - Grain

yield per plant (g), *, ** significant at 5% and 1% levels, respectively.

The results shown in (Table 5) reveal a variety of agronomic
attributes among distinct parental lines, highlighting both their
genetic variability and potential for yield increase the same
information was recorded by . Days to heading, days to
maturity, plant height, number of tillers, spike length, spike
weight, number of grains per plant, 1000-grain weight, harvest
index, protein content, and grain yield are among the important
characteristics evaluated. Days to Heading, shown by a minimum
day to heading of 106.333days and maximum biological of
31.885¢g for parent 2, can be useful for reducing the impact of
late-season problems like heat or drought Findings analogous to
the present study were reported by %24, Parent 5 and parent 7 in

contrast, exhibited a maximum of 109.00 days, supporting the
research results of %1, Plant height Parent 5 had the tallest plants,
measuring 100.67 cm. taller varieties are better for eliminating
weeds and capturing sunlight, and their deeper root systems often
make them more resistant to dry conditions Results corroborate
those obtained by [*€1, On the other hand, parent 6 was the shortest
at 90.067 cm for plant height. The shorter types exhibit greater
resistance to lodging and enhanced nutrient utilization, resulting
in increased grain yields and facilitating mechanized harvesting
Consistent findings were observed by 7). Parent 3, with an
average of 6.75 tillers, had the fewest tillers. This suggests that
the plant had little branching, perhaps impacting its production
capacity. Conversely, parent 4 had the highest number of tillers,
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totaling 8.17, indicating superior productivity,
consistent with previous results 18],

a finding

Spike Length and Spike Weight, when it comes to yield, spike
length is extremely significant. Parent 5 had the longest spikes at
12.67 cm, while Parent 4 had the shortest ones at 9.958 cm.
Extended spikes can improve grain yield but may bend
under excessive stress previously recorded by [, For spike
weight, parent 5 again had the highest measurement at 42.01 g,
and parent 7 had the lowest at 25.42 g. A high spike weight
signifies improved nutrient absorption and enhanced plant vigor,
which are associated with greater yield potential 2,

Total of grains per spike. Parent 4 had the maximum number of
grains per spike at 75.667, and parent 2 had a lowest number at
46.00 grains. The significant number in parent 4 shows that it can
develop well and has good conditions for growth, however the
small quantity in parent 2 indicates that it is incapable of
developing well and has weaker growth, indicating that it can
produce less 2, The greatest amount of grain per spike was
2.763g from parent 5, and the lowest was 1.223g from parent 7.
Parent 4 had the highest 1000-grain weight at 45.877g, and parent
7 had the smallest amount of 1000-grain weight at 33.573g. A
greater 1000-grain weight is linked to bigger, well-filled grains,
which have significance for getting an effective yield. The fewer
weight, on the other hand, suggests that pressures could be
impacting grain fill 221, Parent 7 had the highest value of protein
with 13.500, while parent 6 had the lowest value with 11.663, The
protein level has a big effect on the quality of the grain. Parent 5
had the greatest harvest index, at 32.923, and parent 6 had the
lowest, at 19.836 in agreement with the findings of 23],

According to the results parent 5 had the highest grain production,
which was an amazing 19.81g/plant. This means that it did better
than other parents in many crucial areas for successful wheat
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breeding Similar trends were documented by 4. This study
highlights the significance of genetic diversity among parental
lines and their prospective contributions to enhancing yield and
quality traits in wheat. Future research may focus on the
interrelationships among these elements to optimize breeding
strategies effectively. This study analyzed 21 hybrids, uncovering
substantial prospects for enhancing traits vital for future breeding
initiatives focused on identifying new genotypes with superior
quality and yield. The hybrid (1x2) had the lowest values for
important traits like the number of tillers per spike (6.417), the
length of the spike (9.833 cm), and the number of grains per spike
(36.667). The cross (1x3), on the other hand, contained the least
amount of protein, at 11.800%. Hybrid (1x5) had highest values
for plant height and grain yield with 118.667 and 18.520
respectively. Cross (1x6), on the contrary hand, needed the
longest for maturity (109 days) and had the lowest value for spike
weight (26.833 g), weight of grain per spike weight (1.283 g),
1000-grain weight (31.683 @), and grain yield (8.007 g).
furthermore, hybrid (2x3) recorded the least days to heading (106
days), but cross (2x4) demonstrated the largest protein content
(13.667%) and the shortest days to maturity (151 days). Hybrid
(2x5) also had the greatest weights for 12000-grain weight (49.430
g) and weight of grain per spike (3.077 g). Cross (3x6) had the
lowest plant height with (94.200 cm) and crosse (3x7) had the
lowest harvest index with (21.216), whereas cross (4x7) had the
highest numbers of tillers per plant (8.417) and maximum value
for biological yield per plant with (47.313) g. Finally, hybrid
(5x6) had the longest spike length (12.583 cm) and the greatest
number grains per spike (82.000), but hybrid (5x7) and hybrid
(6x7) had a long time to maturity with (154.667 days). The
highest harvest index was recorded by cross (6x7) with (31.422).
The results show that these hybrids may differ in important
agricultural features and have a lot of potential. This supports
future breeding efforts to enhance the efficiency of crops In line
with the present findings, previous studies by 125261,

Table 5: Mean of the studied characters for parents and their F.

Crosses DH DM PH NT SL WS NGS |WGS |[TGW | H. I BY PC GY
1x2 106.667 [151.667 [106.600 |6.417 |9.833 [28.260 [36.667 |1.517 [38.010 |24.340 |26.904 |12.400 |9.450
1x3 107.000 [151.667 [115.333 |8.000 |11.375 |29.687 |45.333 | 2.037 |42.400 |24.690 |31.648 |11.800 |10.523
1x4  1106.583 |153.667 |102.133 |7.583 [11.417 |36.060 |52.000 |2.530 |41.897 |29.168 |29.081 [12.967 [14.427
1x5 ]107.333 |153.000 |118.667 |7.750 [11.708 |41.510 |54.333 |1.950 |[38.240 |29.477 |33.678 [12.500 [18.520
1x6 109.000 [153.000 |108.867 |7.417 |11.542 |26.833 |55.333 | 1.283 |31.683 |20.842 |27.436 |12.300 | 8.007
1x7 106.667 [153.667 |104.800 |7.583 |10.500 |37.893 |44.333 | 1.553 |32.683 |25.216 |24.238 |12.400 [13.693
2x3  |106.000 |153.667 |99.267 |6.667 [10.708 [29.713 |54.333 |2.130 |41.233 |27.301 |27.898 |12.400 |10.880
2x4  1107.333 |151.000 |110.667 |6.583 [11.375 |[36.353 |42.000 |2.357 |38.440 |22.490 |26.627 |13.667 |12.867
2x5 ]106.333 |152.667 |101.133 |7.250 [11.792 |[35.430 |72.000 |3.077 ]49.430 |29.329 |30.843 |12.733 |14.657
2x6  106.333 |153.667 |105.133 |7.917 |10.583 |27.033 |49.333 |1.907 |44.083 |23.022 |33.406 |12.000 |9.510
2x7 106.000 [153.000 |103.600 |7.583 |10.792 |35.940 |58.333 |2.120 |43.783 |29.661 |28.417 |13.100 |15.063
3x4  |106.667 [154.333 [100.467 |7.167 |10.583 |34.117 |54.000 |2.433 |43.053 |27.162 [29.554 |12.200 [13.410
3x5 |107.000 [152.667 |97.933 |6.917 |10.125 |29.867 |54.333 |1.863 |40.990 [25.742 [29.095 |12.667 [10.280
3x6  |107.667 |[153.333 |94.200 |6.917 |10.250 |33.910 |54.333 |1.877 |37.517 |27.775 |24.820 |12.133 [12.880
3x7 107.667 [153.333 |104.533 |7.167 |10.000 |28.630 |54.667 |1.633 [38.323 |21.216 |27.850 [12.267 | 8.987
4x5 107.000 [153.667 [107.933 |7.250 |11.917 |39.430 |74.667 |2.313 |48.220 |29.281 |22.193 |12.833 |16.887
4x6  |107.333 [153.333 |106.133 |6.667 |10.542 |33.843 |61.000 |2.033 |40.627 |26.473 |22.109 |13.200 |13.267
4x7 108.000 [154.333 ]109.267 |8.417 |11.625 |35.760 |59.333 |2.097 |43.447 |29.982 [47.313 |12.367 [16.000
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5x6  |108.667 [152.667 |101.067 |7.000 |12.583 [39.633 [82.000 |2.247 |38.693 [27.436 [32.800 |12.733 |17.087
5x7  |106.333 [154.667 |103.667 |6.750 |11.667 |32.363 |76.667 |2.680 |43.010 |30.926 |32.386 |12.300 |14.253
6x7 |107.333 [154.667 |101.867 |6.917 |11.250 |31.953 |39.333 |2.000 |42.830 |31.422 |27.503 |13.167 |13.340
1 [107.333 [154.667 |99.600 |7.250 |11.208 |28.867 |69.000 |2.123 |41.547 |26.781 |26.729 |12.100 |10.233
2 |106.333 [153.000 [100.400 |7.083 |10.167 |30.740 |46.000 |2.220 |42.467 |26.791 |31.885 |12.733 |11.277
3 |107.667 [154.667 |93.667 |6.750 |11.000 |28.860 |49.667 |1.297 |37.827 |25.507 |28.396 |12.100 |10.223
4 |106.667 [154.667 |90.800 |8.167 |9.958 |29.903 |75.667 |2.353 |45.877 |26.879 |30.042 |11.700 |10.930
5  |109.000 [154.000 [100.667 |7.500 |12.667 |42.013 |66.667 |2.763 |37.910 |32.923 |31.778 |12.633 |19.810
6 |107.667 [153.667 |90.067 |7.333 |10.750 |25.987 |52.000 |1.870 |43.300 |19.836 |31.675 |11.633 |9.183
7 |109.000 [153.667 |91.400 [7.000 |11.208 |25.420 |54.667 |1.223 |33.573 |25.512 |28.788 |13.500 | 8.323
LSD | 0.899 |1.182 |4.164 |0.828 |1.113 |3.236 |5.140 |0.220 |1.993 |2354 0.150 | 1.250
p<0.05) 1.750

Heterosis values for F1 hybrids of some yield traits

(Table 6) shows the data analysis for heterosis value cross (1x6)
shows the highest positive heterosis value for days of maturity at
1.395, while recorded the minimum negative value for each trait
(weight of grains per spike, 1000 grain weight and Grain yield
per plant with -35.726, -25.316 and -17.528 respectively, the
same results were obtained by [1. while the lowest negative value
for days to heading was recorded by 5x7 at -2.466. Cross (6x7)
recorded the highest positive heterosis value for days of maturity
with (0.651), while the lowest negative heterosis value recorded
by (1x3) for days to maturity with (-1.940). Hybrid (4x7)
recorded the highest positive heterosis for Plant height at 19.941
and cross (2x5) recorded the lowest positive for Plant height at
0.597 this result indicating a significant increase that could boost
biomass and yield but may heighten lodging risk, requiring
dwarfing gene integration. Its lowest positive heterosis suggests
a more moderate height gain, offering stability and adaptability,
making it a versatile option for breeders to target either taller,
high-yielding types or balanced. Cross (1x3) recorded the highest
heterosis value for Number of tillers with 14.286. Hybrid (1x7)
obtained the highest positive heterosis value for weight of spike
and biological yield per plant with (39.605 and 51.763)

respectively. Cross (2x4) obtained the highest positive heterosis
value for Spike length and protein content with 13.043and 11.869
while, recorded the lowest negative heterosis vale for harvest
index with -16.190. For 1000 grain weight cross (2x5) recorded
the highest positive heterosis value with 22.996 while recorded
the lowest heterosis value with 0.597 for Plant height the similar
results recorded byl. Cross (3x5) noted the lowest negative
heterosis value for Spike length and weight of spike with -14.437
and -15.718. Hybrid (4x6) recorded the lowest negative heterosis
value for Number of tillers with -13.978. For Plant height and
Grain yield per plant, the highest positive heterosis value were
recorded by (4x7) with 19.941and 66.205 for plant height and
grain yield. Cross (5x6) recorded the highest heterosis value for
number of grains per spike with 38.202. hybrid 5x7 recorded the
highest positive heterosis value for weight of grains per spike
with 34.448, while recorded the lowest negative heterosis for
days of heading and protein content with -2.446 and -5.867
similar results were obtained by 1. Hybrid (6x7) recorded the
highest positive heterosis value for Days to maturity and harvest
index with 0.651 and 38.580.

Table 6: Heterosis values for F1 hybrids of some yield traits.

Crosses | DH DM PH NT SL ws NGS | WGS | TGW | H.1 BY PC GY
12| -0.156 | -1.408 | 6.600 | -10.465 | -7.992 | -5.178 | -36.232 | -30.161 | -9.514 | -9.133 | -3.490 | -0.134 | 7.,
1x3 0.465 | -1.940 | 19352 | 14286 | 2.439 | 2853 | -23.596 | 19.103 | 6.837 | -5.563 | 8.800 | -2.479 | 2.884
1x4 | -0.623 | -0.647 | 7283 | -1.622 | 7.874 | 22716 | -28.111 | 13.031 | -4.152 | 8.713 | 25.605 | 8.964 | 36.336
1x5 -0.770 | -0.864 | 18.509 | 5.085 | -1.920 | 17.128 | -19.902 | -20.191 | -3.746 | -1.256 | 27.536 | 1.078 | 23.289
1x6 1395 | 0757 | 14798 | 1714 | 5123 | -2.163 | -8.540 | -35.726 | -25.316 | -10.582 | -9.097 | 3.652 | | 7,q
1x7 | -1387 | -0.324 | 9.738 | 6.433 | -6.320 | 39.605 | -28.302 | -7.171 | -12.984 | -3.560 | 51.763 | -3.125 | 47.584
2x3 -0.935 | -0.108 | 2.302 | -3.614 | 1.181 | -0.291 | 13.589 | 21.137 | 2.707 | 4.405 | -3.124 | -0.134 | 1.209
2x4 0.782 | -1.842 | 15.760 | -13.661 | 13.043 | 19.892 | -30.959 | 3.061 | -12.976 | -16.190 | 38.219 | 11.869 | 15.881
2%5 -1.238 | 0543 | 0597 | -0.571 | 3285 | -2.602 | 27.811 | 23.478 | 22.996 | -1.768 | -2.639 | 0394 | -5.704
2x6 | -0.623 | 0217 | 10396 | 9.827 | 1.195 | -4.689 | 0.680 | -6.764 | 2.798 | -1.251 | -6.843 | -1.505 | -7.038
2x7 | -1.548 | 0217 | 8.029 | 7.692 | 0975 | 27.991 | 15.894 | 23.136 | 15.159 | 13.418 | 34.306 | -0.127 | 53.707
3x4 | -0.467 | 0216 | 8.927 | -3.911 | 0994 | 16.115 | -13.830 | 33.333 | 2.871 | 3.699 | 22.500 | 2.521 | 26.789
3x5 -1.231 | -1.080 | 0.789 | -2.924 | -14.437 | -I5.718 | -6.590 | -8210 | 8243 | -11.889 | -20492 | 2426 | 5 ..
3x6 | 0.0001 | -0.541 | 2.540 | -1.775 | -5.747 | 23.654 | 6.885 | 18.526 | -7.511 | 22509 | 7.517 | 2.247 | 32.738
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3x7 -0.615 | -0.541 | 12.968 | 4.242 -9.944 5.490 4.792 | 29.630 | 7.348 | -16.832 | 15273 | -4.167 | -3.091
4x5 -0.773 | -0.432 | 12.744 | -7.447 5.341 9.655 4918 -9.577 | 15.102 | -2.075 | 14.357 | 5.479 9.868
4x6 0.156 | -0.541 | 17.361 | -13.978 | 1.811 21.107 | -4.439 | -3.710 | -8.885 | 13.340 | 18.486 | 13.143 | 31919
4x7 0.155 0.108 | 19941 | 10989 | 9.843 29.276 | -8.951 | 17.241 9.369 14.453 | 43.965 | -1.852 | 66.205
56 0.308 | -0.758 | 5.977 -5.618 7.473 16.569 | 38.202 | -3.022 | -4.708 4.006 16.885 | 4.945 17.866
5x7 -2.446 | 0.542 7.949 -6.897 | -2.269 | -4.014 | 26374 | 34448 | 20336 | 5.847 -1.505 | -5.867 1.327
6x7 -0.923 | 0.651 12.270 | -3.488 2467 | 24316 | -26.250 | 29.310 | 11.430 | 38.580 | 6.423 4.775 52.399

(Table 7) showed that all traits exhibited an average degree of
dominance greater than unity, ranging from 1.377 for spike length
Spike length to 3.734 for number of tillers Number of tillers. The
level of

dominance of grain yield per plant was 1.447 but the biological
yield (BY) and protein content was 1.883 and 2.345 respectively.
The results provide strong evidence of over-dominance gene
expression, which has shown the importance of non-additive
effects and supported the usage of recurrent selection or hybrid-
focused breeding methods to enhance yield. The broad-sense
heritability (h%b.s) estimates were broadly high with a range of
0.981 to 0.503 indicating biological yield to spike length. High
h2b.s values for yield-related traits such as Grain yield per plant
(0.950), 1000 grain weight (0.932), for number of grains per spike

(0.941), and protein content (0.973) indicate that genetic factors
largely control phenotypic expression.

In contrast, narrow-sense heritability (h2n.s) estimates were
comparatively low to moderate, with values ranging from 0.085
for Number of tillers to 0.474 for biological yield per plant. Grain
yield per plant exhibited a moderate h?n.s value of 0.464,
suggesting that although genetic control is strong, only a limited
proportion of the total variance is due to additive effects. The
large difference between h2b.s and h2n.s across traits further
confirms the substantial contribution of dominance and epistatic
interactions. This means the trait involves more gene interactions,
so breeding strategies like hybridization creating hybrids to
exploit heterosis or "hybrid vigor" are more effective for
improvement [27:28,

Table 7: Estimation of some genetic parameters for the studied characters.

Genetic DH DM PH NT SL WS NGS | WGS | TGw H. I BY PC GY
Parameters
MSe’ 0101 | 0174 | 3969 | 0085 | 0154 | 1.303 | 3287 | 0006 | 0494 | 0689 | 0474 | 0003 | 0.194
02q 0047 | 0031 | 1567 | 0004 | 0040 | 1715 | 10299 | 0018 | 0893 | 0709 | 4476 | 0014 | 0895
02, = o} 0176 | 0238 | 14512 | 0059 | 0076 | 4717 | 31434 | 0036 | 4942 | 2428 | 15878 | 0075 | 1.876
2
q";“ 0264 | 0129 | 0108 | 0072 | 0528 | 0363 | 0328 | 0493 | 0181 | 0202 | 0282 | 018 | 0477
[ ca
a2 0093 | 0061 | 3134 | 0008 | 0080 | 3429 | 20597 | 0036 | 1785 | 1419 | 8952 | 0027 | 1791
3 1945 | 2781 | 3043 | 3734 | 1377 | 1659 | 1747 | 1425 | 2353 | 1850 | 1.883 | 2.345 | 1.447
hZ, 0728 | 0632 | 0816 | 0442 | 0503 | 0862 | 0941 | 0923 | 0932 | 0848 | 0981 | 0973 | 0950
N 0101 | 0130 | 0145 | 0085 | 0154 | 0363 | 0372 | 0458 | 0247 | 0313 | 0474 | 0260 | 0.464
Conclusion References

The combining ability test of the F1 generation of bread wheat
showed that there was extensive genetic diversity in breeding
parents as well as between parents and crosses in terms of yield,
yield characteristics and protein level as the half-diallel method
proved to be useful. Extensive segregation was indicated by great
variation in genotype, which offered good chances of effective
selection. None of the models could be excluded since both GCA
and SCA played important roles in expressing traits, which
showed additive and dominance effects. The importance of non-
additive gene action was confirmed by the greater role of SCA on
large yield traits. A number of F1 hybrids were better than parents,
which means that there was transgressive segregation. The better
parents and crosses were identified that can serve as a valuable
material to the future wheat improvement, and the selection of the
advanced generation is suggested to create the genotypes with
high yields and qualities.
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