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\ Graphical Analysis of Multi-environmental Trials for Bread Wheat (Triticum )

aestivum L.) Grain Yield Based on GGE Bi-plot Analysis

Abstract

Genotypes by environment interaction and stability performance were investigated on grain
yield per plot in seven environments (Year by location) during the main cropping season in
2021-22 and 2022-23 using 36 diverse and advanced bread wheat genotypes to evaluate the GEI
by the graphical method of GGE biplot, and to identify the genotypes with:high mean yield
performance and stability. Field experiments were conducted at theAdet, Asasa, Kulumsa, and
Sinana research centers in Ethiopia. The analysis of variance revealed that genotype,
environment, and their interaction showed a highly significant«gffect'on the yield as reflected in
(33), Boru (1), and EBW202172 (12), with high mean yield andstability, whereas the genotypes
EBW202185 (16) and Deka (36) produced high mean yield, but unstable. Likewise, the
genotypes EBW202164 (27) and EBW202192 (29) produced ‘low mean yield and unstable. The
AMMI analysis of variance for grain yield across the environments showed that 17.26% of the
total variation was attributed to genotypic effects, 64.03% to environmental effects, and 18.71%
to GEI effects. Two mega environments were identified based on GGE biplot analysis and the
which-won-model indicated the adaptation. of genotypes Boru (1), EBW202159 (4),
EBW202172 (12), EBW202171 (19), and EBW202136 (33) to first mega-environment and
genotypes EBW202157 (3), EBW202166 (5), EBW202160 (6), EBW202162 (9), EBW202185
(16), Dursa (17) and Deka (36) in the second. These approaches allowed the identification of
stable and high-yielding genotypes (EBW202136 (33) and EBW202172 (12)) which can be
included in the national verification.program, with a plan to release a new variety, and other
genotypes with high,yield could be utilized in breeding programs to further improve grain yield
in bread wheat.

Keywords: AMMI, Environment,Genotype, GGE, Stability

1. Introduction

Ethiopia is one of the many countries in the world where wheat is a major food crop. Wheat is
crucial for both nutrition and food security. The biggest nutritional demands of people are met by
wheat, one of the most significant agricultural products [1]. With 12.1% protein, 1.8% fats, 1.8%

ash, 2.0% reducing sugars, 6.7% pentosans, 59.2% starch, and 70% total carbs, it has a decent
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nutritional profile and offers 314 Kcal/100g of food [2]. It is an industrial crop since the grain,
together with the stalk and chaff, is used as industrial raw materials and as mulch, building
material, and animal bedding [3]. Due to its great importance as a stable staple that is mostly
grown in rain-fed environments, wheat is one of Ethiopia's most farmed and significant crops
[4]. The country can produce enough wheat grain under rainfed circumstances and with

irrigation.

There are several restrictions on wheat breeding. The two biggest variables that limit agricultural
output globally are drought and high temperatures [2,5]. Biological and abiotic elements, as well
as socioeconomic issues, have complicated and interacting influences:on Ethiopia's wheat
production and productivity [6]. The main biological elements.that affect Ethiopia's wheat yield
are wheat rusts.Wheat stem rust and wheat stripe rust are the tweo_primary biotic problems
affecting wheat productivity in Ethiopia [7,8]. The low.yield ofiwheat harvests in the country is a
result of several factors, including the depletion of soil fertility, improper agronomic techniques,
irregular rainfall, and drought [4]. Due to changeable environmental conditions, enhancing the
yield stability of newly introduced cultivars while also. boosting yield should be taken into

account in rain-fed locations [9].

Multi-location trials are frequently used to examine how well genotypes adapt to various
environments and to identify the optimal genotype for a given environment. Commercialization
requires accurate and exact performance prediction of each advanced genotype in a variety of
target contexts. Effective statistical approaches for assessing bread wheat breeding trials must be
utilized to choose dependable types that contribute to agricultural productivity. The populations
being studied must have a high level of genetic variation for stable variants to arise [3]. These
populations enable the discovery of genotypes with a high degree of environmental stability [3].
This is accomplished through comprehending how the genotype and environment interact [10].
Inconsistent performance under various environmental conditions is a phenomenon known as
genotype-by-environment interaction (GEI), and it has a significant impact on how genotypes
function in various environments [11]. G x E interaction reduces the varietal recommendation
accuracy and selection efficiency. Before introducing novel high-yielding genotypes with high
stability in various environments, it is vital to research the genotype in the environment

interaction due to this genotype by environment interaction [3]. Increasing stability and



64
65
66
67

68
69
70
71
72
73
74
75
76
77

78

79

80

81

82

83

84

85

86

87

88

stabilizing crop productivity across a variety of environments is one of the main objectives of
plant breeding initiatives [3]. The best techniques involve finding attractive cultivars with high
genetic potential for production and assessing adaptation to a wide range of situations using

multicondition tests in target locales [3].

High performance has been attained in the region as wheat farming has increased in recent years.
High-yielding cultivars are developed using the best genotypes. Numerous methods, each with
benefits and drawbacks, have been put forth by scientists to ascertain the:accuracy and
consistency of genotypes as well as the characteristics of the G and_E effects. The genotype
effect (G) and genotype-environment interaction (GEI) of data from the multizone trials are
displayed using the so-called GGE biplot approach [12, 13]. The genotype main effect and GE
interaction of MET data are shown, interpreted, and explored using:the. GGE biplot visual tool
[14]. The current study attempted to analyze the GEl in:wheat genotypes using the graphical
approach of the GGE biplot and to pinpoint the genotypes. with the best performance and
stability.

Materials and Methods

Experimental Location Description
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The field experiments were carried out at seven environments in mid to highland mega wheat-
growing regions in 2021-22 and 2022-23 main cropping season in Ethiopia, under rain-fed

conditions. The agroecological main characteristics of testing locations are presented in Table 1.

Table 1: List of testing locations and their climatic characteristics

Geographic position

Average  Temperature  Soil type

Code Location Latitude (N)  Longitude (E) Altitude rainfall (°c)
m (mm/year)
1 Kulumsa 08°01'10" 39°09'11" 2200 820 10.5-22.8 Luvisol
2  Asasa 07°07'09" 39°11'50" 2340 620 5.8-23.6 Clay loam
3 Adet 11° 16’ 37° 29 2216 1250
4 Sinana 7°7 39°49' 2450 791 10.0-22.0 Clay

Experimental Materials

Thirty-six bread wheat genotypes, including 33 advanced bread wheat breeding lines, were
initially received from International Research Institutes: (CIMMYT & ICARDA), and three
nationally released varieties as checks, namely Boru, Dursa, and Deka were used for this
multilocation yield trial. Detailed pedigree and selection history of the evaluated materials are

presented in Table 2 for reference.

The experiments were planted in an alpha lattice design replicated three times in six rows of
2.5m long. Rew-to-row distance and distance between blocks were 0.2m and 1.5m, respectively.
Depending ‘on_weather conditions, planting was carried out from mid-June to mid-July and
harvested 115-135"days after planting (Table 1). Each plot was planted at a seed rate of 150 kg
ha™ Fertilizer applications and all necessary crop management practices were applied as per the
local recommendations. Data were recorded on agronomic characters, major wheat diseases,
quality parameters, and grain yield. However, sole grain yield was considered for stability

analysis.

Statistical Analysis
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Data were subjected to analysis of variance (ANOVA) for each environment separately; and a
combined analysis of variance was conducted to determine the effect of environment (E),
genotype (G), and their interaction on the expression of traits. The R Software was used for
combined ANOVA and GGE biplots.

Stability analysis
The stability analysis among genotypes over environments was done using GGE biplot

multivariate analysis methods as described below:

The GGE biplot is a biplot that displays the GGE part of MET data. The-basic-:model for a
GGE biplot is:

Yij—u—B = M&mjn + 80, + €

where Y/ is the mean for the genotype in the j environment; | is the.grand mean f; is the main
effect of environment j, A; and A,are the singular values of the 1st and 2nd principal
components (PC1 and PC2), &, and &gsare the PC1 and PC2 scores, respectively, for
genotypeith, nj1 and n;, are the eigenvectors. for the jt environment for PC1 and PC2 and €j5is

the residual error term.



Table 2: Pedigree and selection history of materials tested across locations & years

Genotype Pedigree Selection History

Boru Check Breeder Seed

EBW202163 | SHAKTI/8/2*SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/PBW343*2/TUKURU/5/C80.1/3*BATAVIA//2*WBLL1/6/ | CMSS15B02055T-099TOPY
CMH75A.66/SERI/7/MUNAL #1 -099M-099Y-14M-0WGY

EBW202157 | KINDE*2/SOLALA/3/UP2338*2/KKTS*2/[YANAC/4/UP2338*2/SHAMA//2*BAJ #1/5/FRANCOLIN #1/3/ CMSS15B016148-099M-099Y-10M-0OWGY
IWA 8600211//2*PBW343*2/KUKUNA

EBW202159 | MAYIL/5/PFAU/WEAVER*2/4/BOW/NKT//CBRD/3/CBRD/6/KINDE*2/SOLALA/3/UP2338*2/KKTS*2//[YAN | CMSS15B016588-099M-099Y-11M-0WGY
AC/4/UP2338*2/SHAMAJ2*BAJ #1

EBW202166 | KVZ/PPR47.89C//[FRANCOLIN #1/3/2*PAURAQ/4/PBW343*2/ KUKUNA*2//FRTL/PIFED*2/7/MELON CMSS15B02164T-099TOPY-099M-099Y-3M-OWGY
JIFILIN/MILAN/3/FILIN/5/CROC_1/AE.SQUARROSA (444) /3/T.DICOCCONPI94625/AE.SQUARROSA
(372)//3*PASTOR/4/T.DICOCCON P194625/AE.SQUARROSA (372)//3* PASTOR/6/AMUR

EBW202160 | IWA 8606686/MUCUY CMSS15B01885S-099M-099Y-12M-0WGY

EBW202161 | IWA 8606686/MUCUY CMSS15B01885S-099M-099Y-28M-0WGY

EBW202175 | SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/PBW343*2/TUKURU/5/C80.1/3*BATAVIA//2*WBLL1/6/CMH75A.66/:.| CMSS15Y00161S-099Y-099M-099Y-23M-OWGY
SERI/7TIMUNAL #1/8/KUTZ

EBW202162 | SHAKTI/MUTUS*2/MUU/3/MUCUY CMSS15B02036T-099TOPY-099M-099Y-15M-OWGY

EBW202173 | SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/PBW343*2/TUKURU/5/C80.1/3*BATAVIA//2*WBLLL/6/CMH75A.66/ | CMSS15Y00161S-099Y-099M-099Y-19M-OWGY
SERI/7TIMUNAL #1/8/KUTZ

EBW202180 | MANKU//KACHU*2/CHONTE CMSS14B01135S-099M-099Y-34M-0WGY

EBW202172 | KOKILA/7/DANPHE #1*2/3/T.DICOCCON P194625/AE.SQUARROSA (372) /ISHA4/CHIL/6/ WBLL1 CMSS15Y00154S-099Y-099M-099Y-17M-0WGY
/3/STAR/IKAUZ/ST AR/4/BAV92/RAY ON/5/TRAP#1/BOW/3/VEE/PIN//2*TUI/4/BAVI2/RAYON

EBW202177 | THB/KEA//PF85487/3/DUCULA/4/WBLL1*2/TUKURU/5/IWA 8600211/[2*PBW343*2/ CMSS15Y00171S-099Y-099M-099Y-2M-OWGY
KUKUNA/6/INQALAB 91*2/TUKURU//WHEAR/3/IWA 8600211//2*PBW343*2/KUKUNA

EBW?202168 | KURKUT/8/TRCH/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA (213).//PGO/4/HUITES/6/IWA CMSS15Y00141S-099Y-099M-099Y-7TM-0WGY
8600211//2*PBW343*2/KUKUNA/7/PBW343*2/KUKUNA*2//[FRTLIPIFED

EBW202184 | NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/T.DICOCCON P194624/AE.SQUARROSA (409)/ CMSS14B01232S-099M-099Y-22M-0WGY
/BCN/6/WBLL4//BABAX.1B.1B*2/PRL/3/PASTOR/7/KINGBIRD #1//INQALAB 91*2/TUKURU
/8/DANPHE/BAJ #1

EBW202185 | KVZ/PPR47.89C//TACUPETO F2001*2/BRAMBLING/3/2*TACUPETO E2001*2/BRAMBLING CMSS14B01843T-099TOPY-099M-099Y-13M-0WGY
[52*ATTILA/3*BCN*2//BAVI2/3/KIRITATI/WBLL1/4/DANPHE

Dursa Check Breeder Seed

EBW202189 | SHAKTI/7/2*TRAP#1/BOW/3/VEE/PIN//2*TUI/4/BAVI2/RAYON/5/KACHU #1/6/TOBA97/PASTOR CMSS14Y01169T-099TOPM-099Y-099M-099Y-21M-0WGY
/3/T.DICOCCON P194624/AE.SQUARROSA (409) //BCN/4/BL 1496/MILAN/3/CROC_1/AE.
SQUARROSA (205)//IKAUZ

EBW202171 | KOKILA/7/DANPHE #1*2/3/T.DICOCCON PI194625/AE.SQUARROSA (372) //SHA4/CHIL/6/WBLL CMSS15Y00154S-099Y-099M-099Y-6M-OWGY
1/3/STAR/IKAUZ/STAR/4/IBAVI2/RAYON/S/TRAP#1/BOW/3/VEE/PIN/2*TUI/4/BAVI2/RAYON

EBW202176 | NG8201/KAUZ/4/SHAT/IPRLIVEE#6/3/FASAN/SIMILAN/KAUZ/6/ACHYUTA/7/PBW343*2/KUKUNA/B/IW | CMSS15Y00169S-099Y-099M-099Y-17M-OWGY
A 8600211//2*PBW343*2/KUKUNA/I/TRCH/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA
(213) //IPGO/4/HUITES/6/IWA 860021 1/2*PBW343*2/KUKUNA/7/PBW343*2/KUKUNA*2//[FRTL/PIFED

EBW202154 | DANPHE #1*2/3/T.DICOCCON P194625/AE.SQUARROSA (372) //SHA4/CHIL/6/WBLL1/3/STAR// CMSS15B01547S-099M-099Y-4M-0WGY
KAUZ/STAR/4/BAVI2/RAYON/5/TRAP#1/BOW/3/VEE/PIN//2*TUI/4/BAVI2/RAYON/7/MUCUY

EBW202179 | THB/KEA//PF85487/3/DUCULA/4/WBLL1*2/TUKURU/5/IWA 8600211//2*PBW343*2/ CMSS15Y00171S-099 Y-099M-099Y-38M-0WGY
KUKUNA/6/INQALAB 91*2/TUKURU//WHEAR/3/IWA 8600211//2*PBW343*2/KUKUNA

EBW202178 | THB/KEA//PF85487/3/DUCULA/4/WBLL1*2/TUKURU/5/IWA 8600211//2*PBW343*2/ CMSS15Y00171S-099 Y-099M-099Y-31M-0WGY

KUKUNA/6/INQALAB 91*2/TUKURU//WHEAR/3/IWA 8600211//2*PBW343*2/KUKUNA

EBW202190

VALI/MAYIL//MANKU

CMSS14Y01192T-099TOPM-099Y-099M-099Y-7TM-OWGY




EBW202156 | PICAFLOR #1/4/INQALAB 91*2/TUKURU//T.SPELTA P1348599/3/INQALAB 91*2/KUKUNA/5/ CMSS15B01595S5-099M-099Y-2M-0WGY
KINGBIRD #1//INQALAB 91*2/TUKURU/6/HOLO

EBW202174 | SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/PBW343*2/TUKURU/5/C80.1/3*BATAVIA/[2*WBLL1/6/CMH75A.66/ | CMSS15Y00161S-099Y-099M-099Y-22M-0WGY
SERI/7/MUNAL #1/8/KUTZ

EBW202164 | KURKUT/8/2*TRCH/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA (213) //PGO/4/HUITES CMSS15B02099T-099TOPY-099M-099Y-15M-OWGY
/6/I\WA 8600211//2*PBW343*2/KUKUNA/7/PBW343*2/KUKUNA*2//[FRTL/PIFED

EBW202165 | KURKUT/8/2*TRCH/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA (213) //PGO/4/HUITES CMSS15B02099T-099TOPY-099M-099Y-28M-OWGY
/6/I\WA 8600211//2*PBW343*2/KUKUNA/7/PBW343*2/KUKUNA*2//[FRTL/PIFED

EBW202169 | KVZ/PPRA47.89C//FRANCOLIN #1/3/2*P AURAQ/5/BAVI2//IRENA/KAUZ/3/HUITES CMSS15B02167T-099TOPY-099M-099Y-27M-OWGY
*2/4/IMURGA/6/MAY IL/7/IMANKU

EBW202192 | MELON//FILIN/MILAN/3/FILIN/8/NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/T.SPELTA CMSS14Y01264T-099TOPM-099Y-099M-099Y-8M-OWGY
P1348774/6/BACEU #1/7/PAKHWA/9/KENYA SUNBIRD/KACHU/10/KENYA SUNBIRD/KACHU

EBW202167 | KURKUT/8/TRCH/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA (213) /IPGO/A/HUITES/6/IWA | CMSS15Y00141S-099Y-099M-099Y-20M-OWGY
8600211//2*PBW343*2/KUKUNA/7/PBW343*2/KUKUNA*2//FRTL/PIFED

EBW202135 | SHAKTI/MAYIL/MANKU CMSS14B01826T-099TOPY-099M-099Y-21M-OWGY

EBW202136 | FRANCOLIN #1/7/REH/HARE/2*BCN/3/CROC_1/AE.SQUARROSA (213) //PGO/4/HUITES/5/T.SPELTA | €MSS14B01895T-099TOPY-099M-099Y-7M-OWGY
P1348599/6/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA (213) //PGO/4/HUITES/8/TRAP#1/BOW/3/
VEE/PIN//2*TUI/4/BAVI2/RAYON/5/KACHU #1/6/TOBA97/PASTOR/3/T.DICOCCON PI94624/AE. SQ

EBW202137 | KIRITATI/4/2*SERI.1B*2/3/KAUZ*2/BOW//KAUZ/5/CMH81.530/6/MANKU CMSS14Y00967S-099Y-099M-099Y-10M-OWGY

EBW202138 | FRANCOLIN #1/3/IWA 8600211//2*PBW343*2/KUKUNA/4/MUCUY/5/MUCUY CMSS14Y01258T-099TOPM-099Y-099M-099Y-8M-OWGY

Deka

Check

Breeder Seed
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Results and Discussion

environments. The total sum of squared factors explained (%) showed that bread wheat yield was
influenced by environment (64.03%), genotype effect (17.26%), and genotype by environment
interaction effect (18.71%) (Table 3). In agreement with these results, several authors reported
that the environment is the most contributing, followed by the genotype by the. environment
interaction effect and the genotype effect [3, 15- 22]. A large sum of squares for environments
indicated that the environments were diverse, with large differences among.environmental means
causing most of the variation in grain yield, indicating that the environment has a strong
influence on grain yield 18, 22] and the existence of mega-environments [23, 24]. Similarly, the
significant interaction of the environments with genotypes indicates the presence of crossover of
GE interaction as some genotypes outperformed other genotypes in different environments. The
multiplicative variance of the treatment sum of squares due:to interaction was partitioned into
five significant interaction principal components. Theyfirst two PCs significantly explained
76.98% of the total variation, in which the contribution:of PC1 was 63.19% and that of PC2 was
13.79% (Table 3).

Table 3. Combined ANOVA of grain.yield for 36 advanced bread wheat genotypes evaluated at
seven environments

Source of variation DFE SS PERCENT MS F PROBF
ENV 6 1037.64 64.03 172.94 482.76 0.00
GEN 35 279.70 17.26 7.99 22.31 0.00
ENV*GEN 210 303.17 18.71 1.44 4.03 0.00
PC1 40 367.14 63.19 9.18 32.36 0.00
PC2 38 80.16 13.79 2.11 7.44 0.00
PC3 36 63.12 10.86 1.75 6.18 0.00
PC4 34 35.67 6.14 1.05 3.70 0.00
PC5 32 19.19 3.30 0.60 2.11 0.00
Residuals 756 270.82 0.00 0.36

Asasa-2022 recorded the highest location mean yield (5.66 t/ha), followed by Asasa-2021 (4.77
t/ha), Kulumsa-2022 (4.57 t/ha) and kulumsa-2021 (4.54 t/ha), while Adet-2021 recorded the
lowest location mean vyield (2.64 t/ha), followed by Sinana-2021 (3.03 t/ha), and Sinana-2022
(3.3 t/ha) (Table 4). The mean grain yield of the genotypes ranged from 2.72 t/ha to 4.94 t/ha,
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with an overall genotype mean of 4.08 t/ha. This indicates the inconsistent performance of the
tested genotypes across the tested environments, justifying the interaction between genotype and
environment. Accordingly, Boru produced the maximum grain yield (4.94 t/ha), followed by
EBW?202136 (4.87 t/ha) and EBW202172 (4.81 t/ha) whereas the minimum grain yield was
produced by EBW202164 (2.72 t/ha) (Table 4).

Table 4: Mean grain yield (/ha) of 36 bread wheat genotypes in seven environments

Comment [H3]: Make this table in
landscape

S Genotyp Adet- Asasa- Asasa- Kulumsa- Kulumsa- Sinana- —Sinana- IZIne
N e 2021 2021 2022 2021 2022 2021 . 2022

Boru 280 535 7.7 5.83 6.45 35 334 4D
2 FBNA02 314 579 an0 5.60 569 262 240 %
3 FBW20Z a1 a0 608 5.00 5.42 212 a7 Y
4 FBWZ0Z 9sg 519 712 462 5.83 342 356 P
5 FPW20Z 300 573 559 4.96 5.25 316 365
6 FBW202 284 448 513 459 4.79 3.68 439 43
7 FBW2Z 993 a0 3w 4.80 3.94 220 316 0
g FBIZ02 15 ags o sa2 3.82 4.05 2.8 218 3
o FBW20Z o6 (ago, 57 458 5.99 35 409
: EB;’%OZ 250 512, w579 343 4.48 3.06 3.30 3%9
 FPI20Z (3100 alss 567 484 273 278 304 3
 FBIROZC om 53 766 5.08 5.86 3.46 R
L EBWZOR oar 536 s61 462 416 3.05 a3 Y2
o FBNROR 2ar a5 sa7 351 3.83 284 251 30
L OEBWRZT 320 a7 sm 4.95 3.85 2.69 3z2 )
pOEBN2Z 303 a8 605 5.01 4.94 3.83 s02 4P
! busa 308 499 425 553 5.26 328 353 2
L EBIZ0Z 960 418 520 355 3.60 262 283 %D
1 EBW202 270 4.88 6.79 4.92 5.61 3.09 331 44
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9 In !
2 EBIZ0Z 71 515 599 4.60 452 305 334
2 EBWRZ ;404 amm 5.25 417 315 353 9
2 EBI20Z 965 415 aTs 4.03 353 2.06 220 30
2 EBIZ0Z 956 as4 597 4.20 3.42 3.30 353 >0
2 FBUZ0Z o963 447 ea7 5.05 430 331 322 4
2 EBWAZ 18 528 122 475 4.98 377 ao8 4
2 EBUR0Z 915 s01 o3 3.37 4.95 2.92 201 3
o EBWAZ .50 380 25 3.47 277 1.84 16 %
2 EBWZ0Z 900 454 53 355 3.76 3.15 203 3P
o FBNA02 23 395 am 3.46 225 201 256 %
3 EBW202 324 512 650 421 5.35 3.38 215 47
3OEBI0Z o5 4z sa 419 411 230 205 3
3 EBWZ202 234 494 518 5.00 2.46 354 a7 38
3OEBIZ0Z oa 5154 728 493 7.09 346 308 P
2 OEBIZ om sm 6o 3.75 4.90 2.08 253 30
3 EBIZ0Z 9970 a1 598 530 5.07 33 305
> Deka 284 455 614 513 529 428 518
Mean . 264 477 566 454 457 303 330 40
CV . w1480 1109 1321 1006 1598 1770 1785 ¢
LSD% 054 074 105 0.64 102 o5 oss %

Where, CV.= Coefficient of variation, LSD = Least significant difference

GGE Biplot Analysis

Which-Won-Where Model

The GGE biplot method has become an increasingly popular data visualization tool in analyzing

MET data, as it allows visualizing the -won-where pattern of the MET data, the interrelationship
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among the test environments, and the ranking of genotypes based on mean yield performance
and stability [25, 26]. The GGE biplot is a data visualization tool that allows an evaluation of
environments due to the discriminative ability and representativeness of the GGE view, which is
an advantage over the AMMI biplot analysis [17, 22, 25, 27], and the most effective way for a
precise and useful interpretation of genotype-environment interactions as well as
interrelationships among various test environments and genotypes and identifies the best line of
each environment [22, 28]. The most attractive feature of GGE biplots is the ‘which won-where’
analysis, in which crossover GE interaction, mega-environment differentiation;, and specific
genotype adaptation are graphically represented [29]. The vectors were gonnected:furthest from
the origin of the biplot, and a polygon was obtained. The vertex genotypes were the most
responsive for being located at the greatest distance from the biplot origin. These vertex
genotypes were the most responsive, located at the greatest distance fram the biplot origin [22,
23, 24, 25, 27, 28, 30, 31]. In this biplot, genotypes EBW202136 (33), EBW202137 (34),
EBW202135 (32), EBW202164 (27) and Deka (36) were the most responsive genotypes (Figure
1), with crossover GE interaction, mega-environment differentiation, and specific genotype
adaptation [32]. In the biplot, the equality:line: divides the graph into six sectors, and seven
environments were retained in two sectors;(Figure 1), probably due to climatic variations and
variability related to soil characteristics. The test locations could be partitioned into two mega
environments, one with Asasa-2021, Asasa-2022, and Kulumsa-2022, and the second with Adet-
2021, Kulumsa-2021, sinana-2021, and Sinana-2022. In the first mega environment, the
genotype EBW202136 (33) was:the winning genotype, and Deka (36) in the second. There were
strong correlations between environments located within the same sector, and variation in
genotype performance within environments indicated a strong environmental influence and the

existence of'a mega environment [18, 28, 29, 33].
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Figure 1: Polygon view of GGE (genotype plus genotype by environment interaction) biplot

(Which-Won-Where) showing 36 advanced bread wheat genotypes in seven environments

Mean Performance and Stability of Genotypes Using GGE Biplot

The GGE biplot can be applied to visualize the position of ideal bread wheat genotypes. In this
diagram, the desirability of a genotype depends on its distance from the assumed ideal
genotype. In other'words, the genotypes closest to the assumptive ideal genotype are the most
desired genotypes:, The best genotype can be defined as the one with the highest yield and
stability acress environments. Within a single mega-environment, genotypes should be evaluated
on_both mean'performance and stability across environments [16, 23, 25, 34, 35]. The ranking
biplot'shows the ‘average grain yield and stability performance of 36 bread wheat genotypes
across seven environments (Figure 2). Therefore, in the present study, the ranking biplot showed
that genotypes Boru (1), EBW202136 (33), EBW202172 (12), Deka (36), EBW202185 (16),
EBW202159 (4), EBW202156 (25), EBW202166 (5), EBW202162 (9), EBW202171 (19),
EBW?202138 (35), EBW202160 (6), EBW?202192 (30), EBW202163 (2), Dursa (17),
EBW?202177 (13), EBW202176 (20) and EBW?202190 (24) produced a high mean grain yield
compared to the overall mean yield of all genotypes. Whereas, genotypes EBW202164 (27),
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EBW202169 (29), EBW202179 (22), EBW202175 (8), EBW202189 (18), EBW202168 (14),
EBW202165 (28), EBW202137 (34), EBW202167 (31), EBW202161 (7), EBW202180 (11),
EBW202135 (32), EBW2021674 (26), EBW202154 (21), EBW202184 (15), EBW?202178 (23)
and EBW202173 (10) were characterized by low mean grain yield. Meanwhile, in addition to the
genotypic mean grain yield performance, the stability of genotypes across the testing
environments is very crucial [16, 18, 24 35, 36]. A genotype that has a shorter absolute length of
projection in either of the two directions of AE Coordinates (located closer to, AEC abscissa),
represents a smaller tendency of GEI, which means it is the most stable genotype across different
environments or vice versa. Hence, genotypes Boru (1), EBW202136 (33), and:EBW?202172
(12) were identified as the most stable and high-yielding genotypes. The genotypes EBW202164
(27), EBW202169 (29), EBW202179 (22), and EBW202189:(18). were identified as stable, but
low-yielding genotypes across the environments. Genotypes. Deka (36) and EBW?202185 (16)
and were high-yielding but unstable (Figure 2). Similar findings have been reported by several
authors [18, 24, 25, 30, 31, 35, 37].
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Figure 2: Mean Performance and Stability of Genotypes Using GGE Biplot

GGE-biplot for comparing the environments with the ideal environment

The assumptive ideal environment was drawn according to the average data for two years of an
experiment in the most-appropriate and most inappropriate environment (Figure 3). Based on this
diagram, each environment close to the assumptive ideal environment is more desired than other
environments. The main characteristic of correlation among the environments is the environment
vector’s length, which estimates the standard deviation inside each environment and indicates the
environments’ discrimination ability (large PC1 scores) and representativeness (small absolute
PC2 scores) [25, 30, 35, 38, 39]. A greater length indicates a high standard deviation and more
discriminability. The discriminatory and representativeness of the trial environments from the
grain yield results obtained at seven environments where the yield experiments of the bread
wheat genotypes are carried out are given in Figure 3. The concentric circles on the biplot help to

visualize the length of the vectors. This relates to the standard deviation of the relevant
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environment and is an indication of the distinctive features of the environment. Accordingly, the
environments Kulumsa-2022 and Asasa-2022 are the most discriminating environments whereas
the environment Adet-2021 shows the least discriminating ability. The average environment axis
(represented by the small circle at the end of the arrow) has the average coordinates of all test
environments. Environmental coordination passes through the environment average and biplot
origin. A test location with a smaller environmental angle than the average environmental
coordinate has the ability to represent more than other test locations. Asasa-2021, Adet-2021,
and Sinana-2021 were the most representative environments, while environments Asasa-2022
and Sinana-2022 depicted the lowest representativeness. Test environments ‘that are both

discriminatory and representative are good test environments in the selection .of genetically

adapted genotypes.
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Figure 3. GGE-biplot for comparing the environments with the ideal environment
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Conclusion

Thirty-six bread wheat genotypes were planted and evaluated according to the GEl-based GGE
Graphical biplot technique in four research stations. A significant variation was observed
among the bread wheat for mean yield, performance and stability, indicating that the bi-plot
method facilitated the discrimination of genotypes in different environments. Both PC1 and PC2
explained more than 75% of the yield performance variation. GGE biplot analysis.showed thatA
study of grain yield and stability of bread wheat genotypes using the biplot of average
environment coordinates showed that ETB202136 (33) and Boru depicted superior stability and
mean grain yield performance than other genotypes. On the other hand; EBW202164 (27) and
EBW202169 (29) genotypes had minimum stability on grain yield. Hence, genotype ETB202136
(33) shall be verified and released for large-scale production in major bread wheat-growing

regions of Ethiopia. | o
\

Data availability

Auvailable from the first author upon request

Reference

1. Omrani, A., Omrani, S., Khodarahmi, M., Shojaei, S.H., ligs,A., Bojtor, C., Mousavi,
S.M.N., Nagy. , 2022. Evaluation of Grain Yield Stability in Some Selected Wheat
Genotypes Using AMMI and GGE Biplot Methods. Agronomy 12, 1130.
https://doi.org/10.3390/ agronomy12051130

2. Bocianowski, J.; Prazak, R., 2022. Genotype by year interaction for selected quantitative
traits in hybrid lines of ~ Triticum aestivum L. with Aegilops kotschyiBoiss, and Ae.
variabilis Eig. using the additive main effects and multiplicative interaction model.
Euphytica 218, 11. https://doi.org/10.1007/s10681-022-02967-4

3. Gupta, V., Kumar, M., Singh, V., Chaudhary, L., Yashveer, S., Sheoran, R., Dalal, M.S.,
Nain, A.,Lamba, K., Gangadharaiah, N., Sharma, R., Nagpal, S., 2022. Genotype by

Environment Interaction Analysis for Grain Yield of Wheat (Triticum aestivum (L.)

Comment [H4]: 1.Acknowledgement
2. Declare here any conflict of interest




270
271

272
273
274
275

276
277
278
279

280
281
282
283
284
285

286
287
288
289

290
291
292
293
294

295
296
297
298

5.

7.

9.

em.Thell) Genotypes. Agriculture 12,
1002.https://doi.org/10.3390/agriculture12071002

Feyisa, H., Mengistu, G., Biri, A. and Chimdessa, T., 2023. Grain Yield and Yield Related
Traits of Bread Wheat as Influenced by N and Seeding Rates and Their Interaction
Effects in 2020 under Irrigation at Western and North of Oromia, Ethiopia. International
Journal of Agronomy, 2023.https://doi.org/10.1155/2023/8666699

Abhinandan, K., Skori, L., Stanic, M., Hickerson, N.M., Jamshed, M. and Samuel, M.A.,
2018. Abiotic stress signaling in wheat-an inclusive overview of hormonal interactions
during abiotic stress responses in  wheat. Frontiers in plant science, 9,
p.734.https://doi.org/10.3389/fpls.2018.00734

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, G.A., Ayele, B., Endashaw, G., Tilahun, B., 2022. The Agronomic and Quality
Descriptions of Ethiopian Bread wheat (Triticum aestivum L.) Variety
“Boru”. International Journal of Bio-Resource & Stress Management 13(10), 1090-1097.
DOI: HTTPS://DOI.ORG/10.23910/1.2022.2925

Allen-Sader, C., Thurston, W., Meyer, M., Nure, E., Bacha, N., Alemayehu, Y., Stutt,
R.O., Safka, D., Craig, A.P., Derso, E. and Burgin, L.E., 2019. An early warning system
to predict and mitigate wheat rust diseases in Ethiopia. Environmental Research
Letters, 14(11), p.115004.DOI 10.1088/1748-9326/ab4034

Meyer, M., Bacha, N., Tesfaye, T., Alemayehu, Y., Abera, E., Hundie, B., Woldeab, G.,
Girma, B., Gemechu, A., Negash, T. and Mideksa, T., 2021. Wheat rust epidemics
damage Ethiopian wheat production: A decade of field disease surveillance reveals
national-scale trends in past outbreaks. Plos one, 16(2),
p.e0245697 .https://doi.org/10.1371/journal.pone.0245697

AHAKPAZ, F, MAJIDI HERVAN, E., ROOSTAEI, M., BIHAMTA, M. R,
MOHAMMADI, S., 2023. Comprehensive Stability Analysis of Wheat Genotypes
through ~ Multi-Environmental ~ Trials.  Journal ~ of  Agricultural  Sciences
(TarimBilimleriDergisi) 29(1), 317-334. DOI: 10.15832/ankutbd.999060.




299
300
301

302
303
304
305

306
307
308

309
310

311
312
313

314
315
316
317
318

319
320
321
322
323

324
325
326

10.

11.

12.

13.

14.

15.

16.

17.

Regmi, D., Poudel, M.R., Bishwas, K.C., Poudel, P.B., 2021. Yield Stability of Different
Elite Wheat Lines under Drought and Irrigated Environments using AMMI and GGE
Biplots. Int. J. Appl. Sci. Biotechnology 9, 98-106.

Bhartiya, A., Aditya, J.P., Kumari, V., Kishore, N., Purwar, J.P., Agrawal, A., Kant, L.,
2018. Stability analysis of soybean [Glycine max (L.) Merrill] genotypes under multi-
environments rainfed condition of North Western Himalayan hills. Indian J. Genet. Plant
Breed 78, 342-347.DOI: doi.org/10.31742/1JGPB.78.3.6

Yan, W., Hunt, L.A., Sheng, Q. and Szlavnics, Z., 2000. Cultivar evaluation and
megallenvironment investigation based on the GGE biplot. Crop science, 40(3), pp.597-
605.

Yan, W., Kang, M.S., Ma, B., Woods, S. and Cornelius, P.L., 2007. GGE biplot vs. AMMI
analysis of genotype by[lenvironment data. Crop science, 47(2), pp.643-653.

Dyulgerova, B. and Dyulgerov, N., 2019. Genotype by environment interaction for grain
yield of barley mutant lines. Agriculture, 65(2), pp.51-58.https://doi.org/10.2478/agri-
2019-0006

Singh, C., Gupta, A., Gupta, V., Kumar, P., Sendhil, R., Tyagi, B.S., Singh, G., Chatrath,
R. and Singh, G.P., 2019. Genotype x environment interaction analysis of multi-
environment wheat trials in India using AMMI and GGE biplot models. Crop Breeding
and Applied Biotechnology, 19, pp.309-318. https://doi.org/10.1590/1984-
70332019v19n3a43

Gadisa, A., Alemu, D., Negash, G., Tafesse, S., Abebe, D., Rut, D., Habtemariam, Z,
Dawit, A., Abebe, G., Bayisa, A., Demeke, Z., Bekele, G.A., Ayele, B., Bedada, G.,
2020. Development of bread wheat (Triticum aestivum L.) varieties for high moisture
areas of Ethiopia: A GXE Interaction and stability analysis for grain yield. Ethiopian
Journal of Crop Sciences 8(1), 87-104.

Gadisa, A., Alemu, D., Nagesh, G., Ruth, D., Tafesse, S., Habtemariam, Z., Abebe, G.,
Abebe, D., Dawit, A., Bayisa, A., Yewubdar, S., Bekele, G.A., Ayele, B., 2021. Genotype

by environment interaction and selection of high yielding wheat genotypes for different



327
328

329
330
331
332

333
334
335
336
337

338
339
340
341
342

343
344
345
346

347
348
349
350
351
352

353
354

18.

19.

20.

21.

22.

23.

wheat-growing areas of Ethiopia. American Journal of Bio-Science 9(2), 63-71. doi:
10.11648/j.ajbi0.20210902.15.

Tahmasebi, S., Esmaeilzadeh Moghaddam, M., Tabib Ghaffari, S. M., Sayyahfar, M.,
LotfaliAyeneh, Gh. and Akbari Moghaddam, H. 2021. Dissection of genotype x
environment interaction and assessment of adaptability and grain yield stability of spring

bread wheat genotypes. Crop Breeding Journal 11 (1 & 2): 11-24

Abebe, D., Gadisa, A., Negash, G., Alemu, D., Habtemariyam, Z., Tafesse, S., Rut, D.,
Dawit, A.,Zerihun, T., Bayisa, A., Abebe, G., 2022. Stability and performance evaluation
of advanced bread wheat (Triticum aestivum L.) genotypes in optimum areas of Ethiopia.
International Journal of Bio-resource and Stress Management 13 (1), 69-80._DOI:
HTTPS://DOI.ORG/10.23910/1.2022.2723.

Abebe, D., Alemu, D., Gadisa, A., Negash, G., Tafesse, S., Habtemariam, Z., Rut, D.,
Dawit, A., Bayisa, A., Zerihun, T., and Abebe, G., 2023. Stability and Performance
Evaluation of Advanced Bread Wheat (Triticum aestivum L.) Genotypes in Low to Mid
Altitude Areas of Ethiopia. International Journal of Bio-resource and Stress Management
14(1), 019-032. DOI: HTTPS://DOI.ORG/10.23910/1.2023.3350a.

Bayissa, T., Mengistu, G., Gerema, G., Balcha, U., Feyisa, H., Kedir, A., Legese, Z.,
Asegid, D., Leta, T. and Jobe, T., 2023. Genotypex environment interaction of lowland
bread wheat varieties for irrigation in different areas of Oromia. Plantl]Environment

Interactions.

Gadisa, A., Alemu, D., Berhanu, S., Negash, G., Abebe, D., Habtemariam, Z., Rut, D.,
Cherinet, C., Tamirat, N., Tafesse, S., Demeke, Z., Bayisa, A., Zerihun, T., Bekele, A.,
Ayele, B., Tilahun, B., 2023. Climate Smart Bread Wheat (Triticum aestivum L.) Variety
Development for Optimum Moisture Areas of Ethiopia. International Journal of Bio-
resource and Stress Management, 14(8), pp.1141-1153. DOI:
HTTPS://DOI.ORG/10.23910/1.2023.3574

Yan. W, and M. S. Kang, 2003. GGE Bi-plot Analysis: A Graphical Tool for Breeders,
Geneticists, And Agronomists, CRC press, Boca Raton, Florida. 213pp.



355
356
357

358
359
360

361
362
363
364

365
366
367
368

369
370
371
372
373

374
375
376

377
378
379

380
381
382

24.

25.

26.

27.

28.

29.

30.

31.

Faheem, M., Sial, M.A., Arain, S. and Laghari, K.A., 2023. Comparison Of Yield
Performance of Wheat Genotypes Over Environments By GGE-Biplot Analysis. JAPS:
Journal of Animal & Plant Sciences, 33(1).https://doi.org/10.36899/JAPS.2023.1.0597

Kaya, Y., Akcura, M. and Taner, S., 2006. GGE-Bi-plot Analysis of Multi-Environment
Yield Trials in Bread Wheat. Turkish Journal of Agriculture. 30:325-337.
https://journals.tubitak.gov.tr/agriculture/vol30/iss5/3

Zhang, W., Hu, J., Yang, Y. and Lin, Y. 2020. One compound approach combining factor-
analytic model with AMMI and GGE bi-plot to improve multi-environment trials
analysis. Journal of Forestry Research 31(10: 123-130. https://doi.org/10.1007/s11676-
018-0846-8

Singh C, A Gupta, P Kumar, R Sendhil, K Gopalareddy, V Gupta, SK Singh, AK Sharma,
BS Tyagi, G Singh, R Chatrath and GP Singh, 2020. Multi-environment analysis of grain
yield in a diverse set of bread wheat genotypes. Journal of Cereal Research 12(1):29-
39.http://doi. org/10.25174/2582-2675/2020/92977

Adil, N.A.LK., WANI, S.H., RAFIQEE, S., Mehrajuddin, S.O.F.l, SOFI, N.R,
SHIKARI, A.B., HUSSAIN, A., MOHIDDIN, F.,, JEHANGIR, I.A., KHAN, G.H. and
SOFI, M.A., 2022. Deciphering genotypex environment interaction by AMMI and GGE
biplot analysis among elite wheat (Triticum aestivum L.) genotypes of Himalayan

region. Ekin Journal of Crop Breeding and Genetics, 8(1), pp.41-52.

Oral, E., Kendal, E. and Dogan, Y., 2018. Selection the best barley genotypes to multi and
special environments by AMMI and GGE biplot models. Fresenius Environmental
Bulletin, 27(7), pp.5179-5187.

Mohammadi, R. and Amri, A. 2012. Analysis of genotype-environment interaction in
rain-fed durum wheat of Iran using GGE-bi-plot and non-parametric methods. Can. J.
Plant Sci. 92: 757-770. doi:10.4141/CJPS2011-133

Jeberson, M.S., Kant, L., Kishore, N., Rana, V., Walia, D.P., Singh D., 2017. AMMI and
GGE Biplot Analysis of Yield Stability and Adaptability of Elite Genotypes of Bread

Wheat (Triticum aestivum L.) for Northern Hill Zone of India. International Journal of



383
384

385
386
387
388
389

390
391
392

393
394
395

396
397
398

399
400

401
402
403

404
405

406
407
408

32.

33.

34.

35.

36.

37.

38

39.

Bio-resource and Stress Management 8(5), 635-641.DOI:
10.23910/1JBSM/2017.8.5.1838

Sanjana Reddy, P., Satyavathi, C.T., Khandelwal, V., Patil, H.T., Gupta, P.C., Sharma,
L.D., Mungra, K.D., Singh, S.P., Narasimhulu, R., Bhadarge, H.H. and lyanar, K., 2021.
Performance and stability of pearl millet varieties for grain yield and micronutrients in
arid  and semi-arid regions of India. Frontiers in  Plant  Science, 12,
p.670201.https://doi.org/10.3389/fpls.2021.670201

Shojaei, S.H., Mostafavi, K., Bihamta, M.R., Omrani, A., Mousavi, S.M.N., Illés, A
Bojtor, C. and Nagy, J., 2022. Stability on maize hybrids based on GGE biplot graphical
technique. Agronomy, 12(2), p.394.https://doi.org/10.3390/agronomy12020394

Yan, W. 2001. GGE bi-plot—A Windows Application for Graphical Analysis of Multi-
environment Trial Data and Other Types of Two-Way Data. Agronomy Journal. 93:1111-
1118.

Ahmadi J., Vaezi, B. and Fotokian, M.H. 2012. Graphical Analysis of Multi-Environment
Trials for Barley Yield Using AMMI and GGE-Biplot Under Rain-Fed Conditions.
Journal of Plant Physiology and Breeding, 2(1): 43-54.

Yan, W. 2002. Singular value partitioning in bi-plot analysis of multi-environment trial
data. Agronomy Journal, 94:990-996.

Frashadfar, E., Safari, H. and Jamshidi, B., 2012. GGE bi-plot analysis of adaptation in
wheat substitution lines. International Journal of Agriculture and Crop Sciences. 4 (13):
877-881.

. Yan, W. and Rajcan, . 2002. Bi-plot analysis of test sites and trait relations of Soybean in

Ontario, Crop Science, 42: 11-20.

Letta, T. Egidio, M.G.D. and Abinasa, M., 2008. Analysis of multi-environment yield
trials in durum wheat based on GGE-biplot. Journal of Food, Agriculture & Environment
6 (2): 217-221.



