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ABSTRACT

Ethiopia's Bread Wheat Breeding Program conducts annual multi-environment yield trials to develop
advanced wheat genotypes for Ethiopian wheat cultivation, ensuring a steady supply of new and
improved varieties to meet production and marketing challenges. The objective of this research was
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to assess potential yield and the interactions between genotype and environment in wheat across
multiple environments, as every cultivar has a distinct response to soil and climate. The BLUP
analysis reveals that the 22AA and 22KU trials in 2022, along with 21KU trials in 2021 yielded high
grain production, indicating optimal testing locations for distinguishing bread wheat genotypes and
agroecologies. The study found that seven out of sixteen trials exhibited a higher genetic variance
for yield, indicating high genotype discriminating power, with estimates ranging from 0.043 to 0.989
for genetic variance, 0.084 to 1.147 for error variance, and 72.7 to 96.4 for heritability. EBW202471
and EBW202473 are stable genotypes with good yield performance across correlated locations,
with EBW202471 showing the highest yield (4.98 t/ha) and Deka showing a lower yield (4.07 t/ha).
Three wheat genotypes, EBW202471, EBW202472, and EBW202473, were found to be moderately
resistant to moderately susceptible to stem and yellow rust among 20 wheat genotypes. Finally, the
two genotypes, EBW202471 and EBW?202473, were advanced to National Performance Trials to
evaluate their performance alongside top genotypes from regional federal research centers and to

be released as new varieties.

Keywords: BLUP; national performance trials; wheat genotype; variance; varieties.

1. INTRODUCTION

Wheat (Triticum aestivum L., 2n=6x=42,
AABBDD), is the world's most widely cultivated
cereal [1,2] and is crucial for global food security
[3,4,5]. Wheat is a staple source of nutrients for
around 40% of the world’s population [6,7].
Bread wheat contributes to the human diet and
supplies 20% of dietary calories [8,9,10]. Wheat
is a highly nutritious cereal food that surpasses
all other food sources in terms of human
nutrition. Rapid population growth, urbanization,
and changing food preferences have made
wheat an important food crop globally. It is a
critical crop and a staple food in various regions
[11]. With over 720 million people worldwide
suffering from hunger and three billion with
nutrient-deficient diets [12], wheat availability,
accessibility, and production are crucial for food
security [13]. By 2050, with 9.4 billion people, the
demand for wheat is expected to rise by 60%
due to increased wealth and consumption [14].
Ethiopia's wheat is a vital component of the
people's social and economic life, consumed in
various forms like bread, porridge, beer, roasted
grain, boiled grain, pasta, macaroni, and various
confectionary products [15,16].

Wheat is grown in a diverse climate. It plays a
crucial role in agriculture [17,18]. Wheat, the
second-largest grain globally in terms of grain
acreage and total production volume, reached a
global production volume of nearly 784.91 million
metric tons in 2023/24 [19]. Ethiopia is the
largest wheat producer in Sub-Saharan Africa,
producing reaching 8.2 million tons in 2022,

achieving 100% self-sufficiency [20]. The
Ethiopian government is enhancing wheat
production through land expansion, agro-

clustering, and irrigation in lowlands and during
dry seasons [21,22]. Since the 1980s, wheat
demand has doubled, with developing countries
harvesting 50% of global wheat production
annually [6].

Wheat production globally, including in Ethiopia,
is significantly impacted by abiotic and biotic
stresses, with phytopathogenic diseases being
the most significant contributors to substantial

yield and quality loss. Potential threats to
worldwide wheat production include biotic
challenges like insects, nematodes, and

diseases, as well as abiotic stresses like heat,
drought, cold, and salinity [23]. Climate change
and socioeconomic factors also impact wheat
production and productivity. The main biotic
factor affecting Ethiopia's wheat yield is wheat
rust. Both biotic and abiotic stresses, along with
socioeconomic factors, significantly influence
Ethiopia's wheat production and productivity [24].
These stresses account for a 30—40% loss of
wheat globally [25,26].

The growing global population and climate
change are major concerns in agriculture. Food
production and security are crucial issues, as
food output may double by 2050, and innovative
approaches are needed to increase agricultural
productivity and meet the rising demand for food,
as the food output may need to double by 2050
[27]. Global wheat production increased by 4% in
the first decade post-revolution, with 8% growth
in South Asia, East Asia, Mexico, and Central
America [6]. Climate change and related stresses
necessitate efforts to include resilience while
improving production and quality to secure food
security for the fast-rising global population.
Bread wheat germplasm has wide genetic
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diversity, which means it can withstand a biotic-
many biotic and abiotic stresses [28]. New crop
cultivars, particularly those resistant to biotic and
abiotic factors and adaptable to climatic
variations, are crucial for addressing climate
change.

Genotype-environment interactions significantly
influence quantitative traits like yield, and stability
analysis helps identify varieties with superior
performance and vyield stability in various
environments. Germplasm offers the best
opportunity to develop varieties with a small G x
E interaction. Climate-smart varieties tolerate the
negative effects of climate change better and
produce higher vyields and better quality in
stressful  environments.  Ethiopia's  wheat
breeding aims to produce high-yield, resilient
material with superior end-use quality, requiring
multi-environment testing, specific screening for
biotic and abiotic stresses, and favorable gene
accumulation. This study aimed to evaluate the
yield potential and genotype-environment
interactions of bread wheat genotypes in
Ethiopian wheat growing areas through vyield
trials.

2. MATERIALS AND METHODS

Bread wheat genotypes were evaluated in
multistage, multilocation field trials by gradually
reducing the number of genotypes tested from a
large number in a few locations to a smaller
number in several locations (Table 1). The study
was assessed the high vyield and superior
agronomic performance of 18 advanced bread
wheat genotypes and two checks in NVT, grown
in Ethiopia during the 2021-2023 main wheat
growing seasons in seven locations. Three
replications were conducted in a row-column
experiment design, consisting of 2.5 m long and
1.2 m wide plots with six plant rows, separated
by 1.5 meters and 1 meter respectively. The
study was used 150 kg/ha of seed and collected
data on parameters like days to heading, days to
maturity, plant height, grain vyield per plot,

hectoliter weight, and thousand kernel weight.
The notes on rust diseases were recorded using
a 0-9 scale.

2.1 Statistical Analysis

The study was used R software for statistical
analysis, applying a mixed linear model to multi-
environment trial data analysis. The factor
analytic model, similar to the AMMI model, was
used to capture heterogeneous variance-
covariance structures. Spatial field trends were
fitted first for each environment and tested for
potential field trends between neighbor plots.
Global variability and extraneous variation were
checked and included in the standard linear
mixed model. Trials across environments were
combined with specific trial information, including
spatial field trends. The BLUP predictors were
used to compare the means of each genotype
with the general mean, as described by Biasutti
[29]. The BLUP pair grain yields were ranked
descending to identify genotypes or superior
lines, allowing comparison of environmental
effects' free genetic values for improved genetic
gain in subsequent selection cycles.

3. RESULTS AND DISCUSSION

The study analyzed genotypes in correlated
trials, finding all genotypes perform better at
22AA (7.79 t/ha), followed by 21KU (6.00 t/ha)
and 22KU (5.59 t/ha), with the potential of the
21AD ftrial being lower (2.78 t/ha) (Table 3). In
multi-environmental breeding programs,
selection considers genotype performance and
rank change between testing situations. MET
analysis helps understand genotype adaptation
across target populations. Breeders choose
genotypes using BLUPs averaged over
associated environments and predicted GxE
variance to identify connected environments.
This information is crucial for successful
selection in  multi-environmental  breeding
programs.

Table 1. List of Testing locations, altitude, and respective Geographic information

Geographic Testing site

position and Asasa Debre Zeit Kulumsa Sinana Adet Ambo Areka
altitude

Latitude 07°07'09"N  08°38'N 08°01'10"N  7°7'N 7°7 08°59'N  7°325" N
Longitude 39°11'50"E  38°30'E 39°09'11"E  39°49'E 39°49' 37°51'E 37°40'52"E
Altitude (m) 2340 1900 2200 2450 2450 2101 2230
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Table 2. The list of 18 advanced bread wheat genotypes and two newly released varieties that

were assessed during the main cropping season of 2021-2023

Genotypes Pedigree

Boru SAUAL/MUTUS/6/CNO79//PF70354/MUS/3/PASTOR/4/BAV92*2/5/ FH6-1-
7/7ICNO79//PF. 70354/MUS/3/PASTOR/4/BAV92*2/5/FH6-1-7

Deka ATTILA/3*BCN*2//BAVI2/3/KIRITATI/WBLL1/4/DANPHE

EBW202038 KACHU/DANPHE*2//KENYA SUNBIRD/KACHU

EBW202040 KACHU/DANPHE*2//KENYA SUNBIRD/KACHU

EBW202056  WBLL1*2/BRAMBLING//NIINI #1/3/VILLA JUAREZ F2009*2/4/KFA/2*KACHU

EBW202207 SUP152/2*DANPHE #1//BORL14

EBW?202239 BAVIS #1//IND643/2*WBLL1*2/3/BORL14

EBW202341 KACHU/DANPHE*2//KENYA SUNBIRD/KACHU

EBW202362 PBW343*2/KUKUNA//PBW343*2/KUKUNA*2/6/C80.1/3*BATAVIA/2*WBLL1/5/REH/
HARE//2*BCN/3/CROC_1/AE.SQUARROSA (213) //PGO/4/HUITES/7/BORL14

EBW202414  ALTAR 84/AE.SQUARROSA (221)//3* BORL95/3/URES/JUN//KAUZ/4/WBLL1/5
/MUTUS*2/6/DANPHE #1/KENYA SUNBIRD//DANPHE

EBW202434  BAVIS/VORB/5/CROC_1/AE.SQUARROSA (205) //BORL95/3/PRL/SARA/ITSI/
VEE#5/4/FRET2/6/BABAX/LR42//BABAX*2/3/SHAMA/4/WAXWING*2/KRONSTAD
F2004/7/BABAX/LR42//BABAX/3/ER2000/4/2*MUNAL

EBW?202460 VILLA JUAREZ F2009//KIRITATI/2*TRCH/3/WBLL1*2/BRAMBLING/4/KFA/2*
KACHU

EBW?202466 TRCH*2//IND643/2*WBLL1/3/BORL14

EBW202471  KENYA SUNBIRD/2*KACHU/3/SWSR22T.B./2*BLOUK #1//WBLL1*2/KURUKU

EBW202472  PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/
4/PASTOR/6/2*BAVIS #1/7/BORL14

EBW202473  PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/
PASTOR/6/2*BAVIS #1/7/BORL14

EBW202475 BECARD//ND643/2*WBLL1/3/KACHU/DANPHE

EBW?202487 WHEAR/KUKUNA/3/C80.1/3*BATAVIA//[2*WBLL1*2/4/KENYA SUNBIRD
*2/5/ATTILA/3*BCN*2//BAV92/3/KIRITATI/WBLL1/4/DANPHE

EBW?202501 KACHU/DANPHE*2//KENYA SUNBIRD/KACHU

EBW?212081 SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/PBW343*2/TUKURU/5/C80.1/3*BATAVIA//2*W

BLL1/6/CMH75A.66/SERI/7/MUNAL #1*2/8/TAM200/PASTOR//TOBA97/
3/FRNCLN/4/WHEAR//2*PRL/2*PASTOR

The study found high heritability for all traits,
ranging from 72.7% for grain yield t/ha to 99.3%
for days to heading. Heritability values above
80% were considered very high, while values
between 60-79% were moderately high, 40-59%
medium, and less than 40% low. All traits had a
very high broad sense of heritability at all
locations, except for plant height at 21SN,
thousand kernel weight at 23KU, hectoliter
weight at 23DZ, and grain yield at 23KU. The
study found moderate broad sense heritability
values for traits such as plant height (79% at
21SN), thousand kernel weights (69% at 23KU),
hectoliter weight (75.3% at 23DZ), and grain
yield (72.7%) (Table 3). Nine out of 20 tested
genotypes in the 2021-23 crop season showed
high mean grain yields. Genotype EBW202471
was the highest-performing genotype (4.98 t/ha),
while genotype Deka had a lower yield (4.07
t/ha). Two genotypes, EBW 202471 and EBW
202473, were advanced to National Performance

Trials to evaluate their performance alongside
top genotypes from regional federal research
centers and be released as new varieties (Table
5).

Factor analytical model and Variance
components: The factor analysis models (FA)
were used for genotype by environment (GxE)
analysis, maintaining spatial models from
individual trial analysis. The adequacy of FA
models was assessed within a mixed model
framework, focusing on the percentage of GxE
variance explained by factor components. The
FA models fit almost all trials well, with the
genetic variance well explained by the six-factor
components, accounting for nearly 87.85% of
GxE variance. Every trial had a good association
with other ftrials since it was adequately fitted
using the FA model. The study analyzed MET
data and found that modeling GE interactions
with FA models combined with spatial variations

115



Alemu et al.; Asian J. Res. Agric. Forestry, vol. 10, no. 4, pp. 112-122, 2024; Article no.AJRAF.124450

improved genetic parameter  estimates,
demonstrating heritability. This was also
observed in sorghum [30], durum wheat [31], and
maize [32]. The study also found that FA models
were useful for estimating and predicting GxE
interaction effects, estimating GxE variance, and
performing bi-plot analysis. These findings
suggest that FA models can be a valuable tool in
genetic analysis.

The study revealed that seven out of sixteen
trials had a higher genetic variance for yield,
suggesting high discriminating power for
genotypes. Estimates ranged from 0.043 to
0.989 for genetic variance, 0.084 to 1.147 for
error variance, and 72.7 to 96.4 for heritability
(Table 3). The study emphasizes the significance
of meteorological data from a specific cropping
season in recommending the best genotype for a
given season and its wider application across
various agroecologies due to higher rainfall
distribution. In addition, the 21AD, 23AB, 22AD,
and 22AR trials were found to be poor trials with
low genetic variance (Table 3).

BLUPs for genotypes mean values across
environments: Best linear unbiased predictions
(BLUPs) have a minimum mean square error of
prediction, enabling more accurate estimation of
underlying effects in plant breeding. Genotype
effects are typically fitted as random factors and
precise genotype ranking is crucial for selecting

superior genotypes [33]. In plant breeding,
genotype ranking accuracy is crucial for selecting
superior genotypes. Genotype effects are
typically fitted as random variables, especially
during early genotyping trials with numerous
entries.

The performance of genotypes may be graded
using BLUP values averaged across correlated
environments. More than 45.00% (9) of the 20
genotypes exhibited average grain yields of more
than 4.56 t/ha, according to Table 5. The
estimated mean grain yield, on the other hand,
indicated nine candidate genotypes with mean
yields more than standard check Boru: two of
these candidate genotypes (EBW202471 and
EBW202473) are advanced to National
Performance trials for further testing and release
as new variety (Table 5). Furthermore, BLUP
analysis revealed that 22AA trials in 2022, 21KU
trials in 2021, and 22KU trials in 2022 produced
high grain yields, implying that these sites are the
best testing locations for distinguishing between
bread wheat genotypes and the best-suited agro-
ecologies for bread wheat production in general.
Genotype rankings differed across environments,
justifying the evaluation of cross-environment
yield stability. The BLUPs per genotype
(Table 5) demonstrate overall variation in grain
yield differences. The bread wheat genotypes
EBW202471, EBW?202472, EBW?202056

Table 3. Variation for individual environment variance components and grain yield means for
grain yield and broad-sense heritability for all traits, in 16 environments

Environments Grain Yield Heritability

Trial Genetic Error GYLD DTH PHT HLW TKW

Mean Variance Variance
21AA 5.23 0.70 0.10 96.40 - 92.00 9490 93.90
21AD 2.78 0.00 0.10 81.00 99.30 95.30 91.00 96.20
21AR 452 0.30 0.20 93.10 95.20 96.10 - 81.00
21DZ 418 0.40 0.50 83.70 98.80 87.50 91.50 95.90
21KU 6.00 0.80 0.40 96.10 97.50 92.60 96.20 95.80
21SN 471 0.60 0.20 92.40 85.90 79.00 83.70  96.40
22AA 7.79 0.70 0.20 95.00 97.60 92.10 95.80 92.40
22AD 4.81 0.20 0.60 78.70 99.10 92.30 87.80 95.10
22AR 4.40 0.20 0.50 88.60 93.50 91.50 - 79.30
22DZ 5.25 0.30 1.10 81.70 99.20 - 90.70 87.60
22KU 5.59 0.90 0.30 92.60 97.70 94.10 96.70 92.50
23AA 3.71 1.00 0.30 93.90 99.10 96.90 97.30 95.90
23AB 3.16 0.10 0.30 82.50 99.00 95.60 - -
23DZ 2.93 0.30 0.50 88.10 99.20 92.70 75.20 89.70
23SN 4.20 0.70 0.60 87.80 95.00 - 96.20 95.10
23KU 3.73 0.40 0.30 72.70 95.40 80.60 82.40 69.00

Note: 21AA: 2021 Asasa, 21AD: 2021 Adet, 21AR: 2021 Areka, 21DZ: 2021 Debreziet, 21KU: 2021 Kulumsa,
21SN:2021 Sinana, 22AA: 2022Asasa, 22AD: 2022 Adet, 22AR: 2022 Areka, 22DZ: 2022 Debreziet, 22KU: 2022
Kulumsa, 23AA: 2023 Asasa, 23AB: 2023 Ambo, 23DZ: 2023 Debreziet, 23KU: 2023Kulumsa, 23SN:2023
Sinana
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Table 4. Results from fitting the FA model

Site fac 1 fac 2 fac_3 fac 4 fac 5 fac 6 all
21AA 59.14 5.94 31.14 1.07 0.22 2.49 100
21AD 28.9 3.32 0.03 67.24 0.33 0.17 99.99
21AR 81.78 6.82 0.67 0.34 7.36 3.02 99.99
21DZ 57.13 25.31 1.56 3.3 451 8.19 100
21KU 84.7 2.34 2.41 4.57 1.47 4.51 100
21SN 25.86 58.97 0.03 6.92 4.25 3.97 100
22AA 82.14 6.01 0.15 9.99 0 1.71 100
22AD 13.06 2.53 28.71 40.89 6.4 8.41 100
22AR 47.57 16.09 19.67 8.88 6.75 1.04 100
22Dz 14.84 2.64 31.83 27.96 2.31 20.42 100
22KU 80.95 1.12 0.08 1.03 3.7 0.97 87.85
23AA 3.91 66.44 15.1 13.25 0.72 0.58 100
23AB 47.44 0.74 0.91 21.57 21.03 0.32 92.01
23Dz 47.35 1.64 21.3 2.08 5.2 22.43 100
23SN 38.75 28.45 1.85 30.3 0.2 0.45 100
23KU 37.81 14.92 2.2 8.16 28.77 8.13 99.99

Note: 21AA: 2021 Asasa, 21AD: 2021 Adet, 21AR: 2021 Areka, 21DZ: 2021 Debreziet, 21KU: 2021 Kulumsa,
21SN:2021 Sinana, 22AA: 2022Asasa, 22AD: 2022 Adet, 22AR: 2022 Areka, 22DZ: 2022 Debreziet, 22KU: 2022
Kulumsa, 23AA: 2023 Asasa, 23AB: 2023 Ambo, 23DZ: 2023 Debreziet, 23KU: 2023Kulumsa, 23SN:2023
Sinana

EBW202472, EBW202341, EBW202434,
EBW202466, EBW202475, EBW202501 and
Boru had an overall grain yield of >4.56 ton /ha.
The estimated GxE variance can be used to
identify correlated environments, and breeders
can select genotypes by calculating BLUPs
averaged across these correlated environments.
The superior varieties were selected based on
average BLUPs to accurately predict their
performance ranking [34,35]. Anuradha et al.,
[36] used BLUPs analysis using a simultaneous
selection index, but our BLUP was enhanced by
capturing spatial variations and modeling the
genetic correlation structure between
environments.

Disease Resistance of the genotypes: The
severity of yellow rust and stem rust was
evaluated using the 0-9 scale at Merero and
Debreziet hotspots respectively. The genotype's
response to field infection was scored twice for
stem rust and three times for yellow rust. Among
20 wheat genotypes, three wheat genotypes,
EBW202471, EBW202472, and EBW202473,
were found to be moderately resistant to
moderately susceptible (MRMS) for stem rust
based on average first and second scoring (Table
6). The final yellow rust severity levels were
recorded for each genotype when the check was
severely rusted and the disease rate reached its
maximum level. Three genotypes EBW202471,
EBW202472, and EBW202473 exhibited
moderate resistance reactions according to

Merero disease scoring. The other genotypes
showed moderate resistance to moderately
susceptible to susceptible for one of two rusts.
Finally based on their response to yellow rust
and stem rust two genotypes were selected for
national performance trials in 2024.

Quality traits of the genotypes: In addition to
raising yield, improving quality attributes has
always been a priority in wheat breeding [37].
Advanced wheat genotypes, developed by
breeders, are evaluated based on various quality
parameters such as grain starch, protein
contents, gluten content, milling content, and
zeleny. The genotypes showed significant
differences in grain starch, protein content,
gluten content, milling, and zeleny. The starch
content in the grain varied from 63.84 to 68.15%,
with an average of 65.59%, with EBW202472
having the highest content (68.15%), while
EBW202434 had the lowest (63.84%). The
protein content in the sample ranged from 12.29
to 14.48%, with an average of 12.89%,
EBW202414 having the highest content
(14.48%) and EBW202341 having the lowest
(12.29%). Gluten content ranged from 25.43 to
33.27%, with an average of 26.40%.
EBW202414 had the highest gluten content
(33.27%), while EBW202341 had the lowest
(25.43%). The milling content of the samples
was in the range of 64.66% to 77.70% with an
average of 68.64%. EBW202471 had the highest
milling content (77.7%), while Deka had the
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Table 5. BLUPs for genotypes mean values across environments

Genotypes  21AA 21AD 21AR 21DZ 21KU 21SN 22AA 22AD 22AR 22DZ 22KU 23AA 23AB 23DZ 23SN 23KU Mean

Boru 571 280 483 390 6.10 568 788 480 462 495 576 294 325 263 347 3.60 4.56
Daka 432 253 427 3,65 497 442 724 470 408 457 475 286 284 235 400 361 4.07
EBW202038 487 283 447 413 565 474 726 503 411 514 502 3.77 312 267 378 3.95 4.41
EBW202040 5.12 281 428 383 6.16 448 7.63 481 424 577 538 354 318 328 373 354 449
EBW202056 6.15 299 522 451 6.70 6.10 823 511 476 515 6.17 352 363 281 376 4.08 4.93
EBW202207 5.15 273 431 392 572 461 755 465 436 516 529 357 304 281 391 345 4.39
EBW202239 4.02 268 437 385 588 394 764 516 379 568 5.00 3.05 312 334 439 423 4.39
EBW202341 568 289 476 391 6.53 463 7.88 495 431 572 548 364 359 335 395 414 471
EBW202362 4.73 254 425 356 5.78 451 797 452 439 523 543 251 291 304 412 321 4.29
EBW202414 567 271 435 3.75 5.37 531 733 439 465 456 515 337 308 220 329 299 4.26
EBW202434 541 277 452 395 6.77 549 855 472 474 581 643 260 3.08 345 377 3.06 4.69
EBW202460 5.59 266 440 4.03 5.72 475 7.86 437 469 482 564 362 301 265 426 3.23 4.46
EBW202466 5.71 266 471 428 594 361 809 449 448 493 556 442 332 3.04 555 427 4.69
EBW202471 581 288 484 513 630 433 822 484 461 509 6.25 520 328 3.01 556 437 4.98
EBW202472 546 273 479 503 6.38 445 870 472 475 508 6.63 437 3.08 315 582 4.02 4.95
EBW202473 531 287 484 497 6.09 499 803 506 450 49 6.04 440 312 274 488 421 4.81
EBW202475 4.72 3.03 445 455 6.12 474 727 540 395 578 533 438 329 3.08 377 421 4.63
EBW202487 5.07 280 424 450 561 452 746 473 437 507 552 445 296 267 431 3.52 4.49
EBW202501 5.04 290 429 390 6.49 447 7.67 500 413 6.20 550 362 331 359 362 3.68 4.59
EBwW212081 5.15 280 412 430 5.68 452 744 464 440 524 550 430 297 279 405 3.29 4.45
Mean 523 278 452 418 6.00 471 779 481 440 525 559 371 316 293 420 3.73 4.56
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Table 6. Selection based on Wheat Rust (Yellow and Stem Rust)

SN Genotypes stage SrS1 SrS2 Sr average Merero Yr3
1 Boru CHECK 5.61 6.47 6.04 7.09
2 Daka CHECK 5.80 6.75 6.27 5.94
3 EBW202038 NVT1 5.68 6.12 5.90 4.48
4 EBW202040 NVT1 5.48 5.94 5.71 5.90
5 EBW202056 NVT1 4.75 6.25 5.50 3.13
6 EBW?202207 NVT1 5.18 6.46 5.82 4.26
7 EBW?202239 NVT1 5.79 6.61 6.20 3.58
8 EBW202341 NVT1 5.38 6.19 5.79 6.62
9 EBW?202362 NVT1 4.45 5.67 5.06 6.63
10 EBW202414 NVT1 5.11 5.94 5.53 6.43
11 EBW202434 NVT1 5.34 6.01 5.67 3.50
12 EBW202460 NVT1 5.60 6.59 6.10 7.04
13 EBW202466 NVT1 6.33 6.88 6.61 3.58
14 EBW202471 NVT1 3.81 4.95 4.38 3.58
15 EBW202472 NVT1 3.76 5.42 4.59 3.40
16 EBW202473 NVT1 3.12 4.85 3.99 3.70
17 EBW?202475 NVT1 6.24 6.87 6.56 3.82
18 EBW202487 NVT1 4.98 6.38 5.68 6.62
19 EBW?202501 NVT1 4.25 5.28 4,77 5.95
20 EBW?212081 NVT1 5.60 6.53 6.06 6.94

NB: 0=Immune, 1= resistance, 2= Resistant-Moderately-Resistant, 3= Moderately resistance, 4=Moderately
Resistant-Moderately Susceptible, 5= Moderately Susceptible, 6=Moderately Susceptible-Susceptible, 7=
Susceptible, 8 - 9= very Susceptible

Table 7. Quality traits of the genotypes

SN Genotypes Gluten Milling Protein Starch Zeleny
1 Boru 26.37 69.75 12.76 66.42 40.60
2 Deka 28.54 64.66 13.30 66.27 42.59
3 EBW202038 28.44 74.02 13.12 66.20 41.12
4 EBW202040 26.18 67.76 12.66 65.41 38.30
5 EBW202056 27.75 74.43 12.87 67.11 41.11
6 EBW202207 27.94 74.44 13.05 67.33 42.89
7 EBW202239 29.13 73.36 13.35 66.91 45.11
8 EBW202341 25.43 72.46 12.29 67.27 35.63
9 EBW202362 28.70 69.90 13.54 65.64 46.71
10 EBW202414 33.27 76.57 14.48 64.71 50.33
11 EBW202434 27.93 70.11 13.29 63.84 41.07
12 EBW202460 30.33 73.00 13.54 66.52 47.10
13 EBW202466 27.29 71.10 12.56 67.05 38.88
14 EBW202471 30.45 77.70 13.55 67.17 47.40
15 EBW202472 28.85 73.15 13.01 68.15 43.50
16 EBW202473 30.73 74.28 13.62 67.09 48.20
17 EBW202475 27.60 71.33 12.73 67.30 39.83
18 EBW202487 30.89 73.12 13.73 66.75 44,51
19 EBW202501 26.75 69.66 12.83 66.22 39.92
20 EBW212081 30.89 74.54 13.65 65.62 44.33
Mean 28.67 72.27 13.20 66.45 42.96

lowest (64.66%). The zeleny content of the 4, CONCLUSION AND RECOMMEN-
samples was in the range of 35.63 to 50. 33% DATION

with an average of 40.61%. EBW202414 had the
highest milling content (50.33%), while

EBW202341 had the lowest (35.63%) (Table 7). C.liopian farmers need a steady supply of new

and improved varieties to meet production and
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marketing challenges. Multi-environment trials
(MET) are essential for varietal
evaluation, as each cultivar responds differently
to climatic and soil conditions. FA models have
improved data fitting, resulting in significant
improvements in heritability. Integrating MET with
spatial and FA models improved the
understanding of genetic effects and genotype
evolution precision by considering the GxE
interaction effect. This enabled breeders to
isolate the genetic effect or explore the
interaction effect, and the fitted information could
identify genotypes with the highest potential for
further verification studies. More than 45.00% (9)
of the 20 genotypes exhibited average grain
yields of more than 4.56 t/ha. Furthermore,
BLUP analysis revealed that 22AA trials in 2022,
21KU ftrials in 2021, and 22KU trials in 2022
produced high grain yields, implying that these
sites are the best testing locations for
distinguishing between bread wheat genotypes
and the best-suited agro-ecologies for bread
wheat production in general. EBW202471 and
EBW202473 are found to be useful as stable
genotypes with a wide range of adaptability,
demonstrating good vyield performance over
correlated locations. The estimated mean grain

yield, on the other hand, indicated nine
candidate genotypes with mean yields more than
standard check Boru: two of these
candidate genotypes (EBW202471 and

EBW202473) are advanced to National
Performance trials for further testing and release
as new varieties.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during the writing or
editing of this manuscript.

DATA AVAILABILITY
Available from the first author upon request.
ACKNOWLEDGMENTS

The Ethiopian Institute of Agricultural Research
(EIAR), Kulumsa Agricultural Research Center
(KARC), and AGGW project are all sincerely
acknowledged by the authors for their financial
support when carrying out the current studies.
Additionally, we would like to express our
gratitude to the Collaborating Research Centers'
Wheat Research Programs for their keen support

in field experiments execution, management, and
data collection. We also thank the field
assistants, technical assistants, and breeders of
the KARC Wheat Research Program for all of
their technical assistance with field and lab
work.

COMPETING INTERESTS

The authors have declared that no competing
interests exist.

REFERENCES

1. Belete YS. Breeding bread wheat (Triticum
aestivum L.) for drought-tolerance in
Ethiopia (Doctoral dissertation); 2021.

2. Dabi A, Alemu G, Sime B, Duga R, Geleta
N, Delasa A, Solomon T, Zegaye H,
Kasahun C, Asnake D, Asefa B. Multi-
environments evaluation of zn and fe
enhanced bread wheat genotypes in
optimum areas of Ethiopia. International
Journal of Bio-resource and Stress
Management, 2024 15(Jun, 6);01-11.

3. Bapela T, Shimelis H, Tsilo TJ, Mathew I.
Genetic improvement of wheat for drought
tolerance: Progress, challenges, and
opportunities. Plants. 2022;11(10):1331.

4. Dadrasi A, Chaichi M, Nehbandani A,
Sheikhi A, Salmani F, Nemati A.
Addressing food insecurity: An exploration
of wheat production expansion. Plos one.
2023;18(12):e0290684.

5. Kettlewell P, Byrne R, Jeffery S. Wheat
area expansion into northern higher
latitudes and global food security.
Agriculture, Ecosystems & Environment.
2023;351:108499.

6. Acevedo M, Zurn JD, Molero G, Singh P,
He X, Aoun M, Juliana P, Bockleman H,
Bonman M, EI-Sohl M, Amri A. The role of

wheat in global food security. In
Agricultural development and sustainable
intensification (pp. 81-110). Routledge;
2018.

7. Giraldo P, Benavente E, Manzano-
Agugliaro F, Gimenez E. Worldwide

research trends on wheat and barley: A
bibliometric comparative analysis.
Agronomy. 2019;9(7):352.

8. Shiferaw B, Smale M, Braun HJ, Duveiller
E, Reynolds M, Muricho G. Crops that feed
the world 10. Past successes and future
challenges to the role played by wheat in
global food security. Food security.
2013;5:291-317.

120



10.

11.

12.

13.

14.

15.

16.

17.

18.

Alemu et al.; Asian J. Res. Agric. Forestry, vol. 10, no. 4, pp. 112-122, 2024; Article no.AJRAF.124450

Shewry PR. The Contribution of Wheat to
Human Nutrition and Health. A year on the
field, (Nov 20); 2021.

Patidar A, Yadav MC, Kumari J, Tiwari S,
Chawla G, Paul V. Identification of climate-
smart bread wheat germplasm lines with
enhanced adaptation to global warming.
Plants 2023;12:2851.

Borlu HO, Celiktas V, Duzenli S, Hossain
A, El Sabagh A. Germination and early
seedling growth of five durum wheat
cultivars (Triticum durum desf.) is affected
by different levels of salinity. Fresenius
Environmental Bulletin. 2018;27(11):7746-
7757.

Ibba MI, Gupta OP, Govindan V, Johnson
AAT, Brinch-Pedersen H, Nikolic M, Taleon
V. Wheat biofortification to alleviate global
malnutrition.  Frontiers  in  Nutrition.
2022;9:1001443.

Zhang T, van der Wiel K, Wei T, Screen J,
Yue X, Zheng B, Selten F, Bintanja R,
Anderson W, Blackport R, Glomsrgd S,
Increased wheat price spikes and larger
economic inequality with 2 C global
warming. One Earth. 2022;5(8):907-916.
Tripathi AD, Mishra R, Maurya KK, Singh
RB, Wilson DW. Estimates for world
population and global food availability for
global health. In The role of functional food
security in global health (pp. 3-24).
Academic Press; 2019.

Tadesse W, Bishaw Z, Assefa S. Wheat
production and breeding in Sub-Saharan
Africa: Challenges and opportunities in the
face of climate change. International
Journal of Climate Change Strategies and
Management. 2018;11(5):696-715.
Available:https://doi.org/10.1108/IJCCSM-
02-2018-0015.

Alemu YA, Anley AM, Abebe TD. Genetic
variability and association of traits in
Ethiopian durum wheat (Triticum turgidium
L. var. durum) landraces at Dabat
Research Station, North Gondar. Cogent
Food & Agriculture. 2020;6(1):1778604.
Kizilgeci F, Yildirim M, Islam MS,
Ratnasekera D, Igbal MA, Sabagh AE.
Normalized difference vegetation index
and chlorophyll content for precision
nitrogen management in durum wheat
cultivars under semi-arid conditions.
Sustainability. 2021;13(7):3725.

Khalid A, Hameed A, Shamim S, Ahmad J.
Divergence in single kernel characteristics
and grain nutritional profiles of wheat
genetic resource and association among

19.

20.

21.

22.

23.

24.

25.

26.

121

traits. Frontiers in  Nutrition.
805446.

Statista Global wheat production from
1990/1991 to 2023/2024 (in million metric
tons) report 2024.
Available:https://www.statista.com/statistic
s/267268/production-of-wheat-worldwide-
since-1990/)

Effa K, Fana DM, Nigussie M, Geleti D,
Abebe N, Dechassa N, Anchala C,
Gemechu G, Bogale T, Girma D, Berisso
FE. The irrigated wheat initiative of
Ethiopia: a new paradigm emulating Asia’s
green revolution in Africa. Environment,
Development and Sustainability; 2023.
Available:https://doi.org/10.1007/s10668-
023-03961-z

Tadesse W, Zegeye H, Debele T, Kassa D,
Shiferaw W, Solomon T, Negash T, Geleta
N, Bishaw Z, Aseffa S. Wheat production
and breeding in ethiopia: Retrospect and
prospects. Crop Breeding, Genetics and
Genomics. 2022;4(3):e220003.
Available:https://doi.
org/10.20900/cbgg20220003

Senbeta AF, Worku W. Ethiopia’s wheat
production pathways to self-sufficiency
through land area expansion, irrigation
advance, and yield gap closure. Heliyon.
2023;9(10):1-13.
Available:https://doi.org/10.1016/j.heliyon.2
023.e20720

Kong L, Liu Y, Wang X, Chang C.
Insight into the role of epigenetic
processes in abiotic and biotic stress
response in wheat and barley. International
Journal of Molecular Sciences. 2020;
21(4):1480.

Gadisa A, Negash G, Alemu D, Rut D,
Cherinet C, Abebe D, Tamirat N, Tafesse
S, Habtemariam Z, Abebe G, Dawit A,
Bayisa A, Zerihun T, Berhanu S, Bekele
GA, Ayele B, Endashaw G, Tilahun B. The
agronomic and quality descriptions of
Ethiopian bread wheat (Triticum aestivum
L.) Variety “Boru”. International Journal of
Bio-Resource & Stress Management.
2022;13(10):1090-1097.
Available:Https://D0i.Org/10.23910/1.2022.
2925

Singh JS, Koushal S, Kumar A, Vimal SR,

2022;8:

Gupta VK. Book review: Microbial
inoculants in  sustainable agricultural
productivity-Vol. 1l: Functional Application;
2016.

Serfling A, Kopahnke D, Habekuss A,
Novakazi F, Ordon F. Wheat diseases: an



27.

28.

29.

30.

31.

32.

Alemu et al.; Asian J. Res. Agric. Forestry, vol. 10, no. 4, pp. 112-122, 2024; Article no.AJRAF.124450

overview (p. 32). Burleigh Dodds Science
Publishing; 2016.

Albahri G, Alyamani AA, Badran A, Hijazi
A, Nasser M, Maresca M, Baydoun E.
Enhancing essential grains yield for
sustainable food security and bio-safe
agriculture  through latest innovative
approaches. Agronomy. 2023;13(7):1709.

Gebremariam K, Alamirew S,
Gebreselassie W. Evaluation of Bread
Wheat (Triticum aestivum L.) Germplasm
at Kafa Zone, South West Ethiopia.
Advances in Agriculture. 2022(1):1682961.
Biasutti CA, Balzarini M. Estimacion del
comportamiento de hibridos de maiz
mediante modelos mixtos. Agriscientia.
2012;29(2):59-68.

Wagaw K, Seyoum A, Nega A, Tadesse T,
Nadew D, Nida H, Tirfessa A,
Gebreyohannes A. Multi-environment trial
and spatial analysis for yield performance
of sorghum [Sorghum bicolor (L.) Moench]
hybrids in dry lowland sorghum growing
areas of Ethiopia. Journal of Plant
Breeding and Crop Science. 2020;
12(4):275-284.

Tadese D, Dejene M. Spatial field trend
analysis and factor analytic model under
linear mixed model in multi-environment
trial data: The Case of Durum Wheat in
Ethiopia. Journal of Biomedical Science.
2021;3:1112-1117.

Ferreira Coelho |, Peixoto MA, Marcal
TDS, Bernardeli A, Silva Alves R, de Lima
RO, Reis EFD, Bhering LL. Accounting for
spatial trends in multi-environment diallel

33.

34.

35.

36.

37.

analysis in maize breeding. PloS one.
2021;16(10):e0258473.
Available:https://doi.org/10.1371/journal.po
ne.0258473 PMID: 34673808

Piepho HP, Mohring J. Computing
heritability and selection response from
unbalanced plant breeding trials. Genetics.
2007;177(3):1881-1888.

Cullis BR, Smith AB, Beeck CP, Cowling
WA. Analysis of yield and oil from a series
of canola breeding trials. Part Il. Exploring
variety by environment interaction using
factor analysis. Genome. 2010;53(11):
1002-1016.
Available:https://doi.org/10.1139/G10-080
PMID: 21076516

Smith AB, Cullis BR. Plant breeding
selection tools built on factor analytic
mixed models for multi-environment trial
data. Euphytica. 2018;214:1-19

Anuradha N, Patro TSSK, Singamsetti A,
Sandhya Rani Y, Triveni U, Nirmala Kumari
A, Govanakoppa N, Lakshmi Pathy T,
Tonapi VA. Comparative study of AMMI-
and BLUP-based simultaneous selection
for grain yield and stability of finger millet
[Eleusine coracana (L.) Gaertn.]
genotypes. Frontiers in Plant Science.
2022;12: 786839.

Jin H, Wen W, Liu J, Zhai S, Zhang Y, Yan
J, Liu Z, Xia X, He Z. Genome-wide QTL
mapping for wheat processing quality
parameters in a Gaocheng 8901/Zhoumai
16 recombinant inbred line population.
Frontiers in Plant Science. 2016;7:1032.
DOI: 10.3389/fpls.2016.01032

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/124450

122


https://www.sdiarticle5.com/review-history/124450

