Journal of Crop Science and Biotechnology (2023) 26:119-133
https://doi.org/10.1007/512892-022-00166-0

ORIGINAL RESEARCH q

Check for
updates

Genotype x environment interaction and yield stability in barley
(Hordeum vulgare L.) genotypes in the central highland of Ethiopia

Wondimu Fekadu’ - Firew Mekbib? - Berhane Lakew" - Bettina I. G. Haussmann?

Accepted: 4 July 2022 / Published online: 25 July 2022
© The Author(s), under exclusive licence to Korean Society of Crop Science (KSCS) 2022

Abstract

Barley is one of the most important cereal crops cultivated over a wider environment in the diverse agro-ecologies in Ethio-
pia. Study on genotype by environment interaction and stability analysis using thirty barley genotypes was conducted across
nine environments in randomized complete block design with three replications to study the magnitude of genotype by
environment interaction and to evaluate the stability and adaptability of barley genotypes with high mean yield performance.
Additive main effect and multiplicative interaction (AMMI), genotype main effect and genotypes by environment interac-
tion (GGE) and Eberhart and Russell models were employed for stability and adaptability analysis. Thus, AMMI analysis
of variance for grain yield showed highly significant (P <0.001) differences due to genotypes, environment and genotype
by environment interaction. Accordingly, environment accounted for (54.61%) of the total variations followed by genotype
(10.69%) and G X E interaction (34.70%). Moreover, a substantial percentage of the G X E interaction sum of squares was
explained by IPCA1 (45.48%) followed by IPCA2 (24.65%) and IPCA3 (13.02%) while the first two IPCAs explained 70.13%.
Moreover, AMMI and GGE were found to be efficient in grouping the barley growing environment in the central highland,
whereas Debre Markos and Bekoji were good representative testing environments. Generally, the current study indicated that
3514-A, 24,990, and 17,148 were desirable genotypes for subsequent breeding line identification and variety development.
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Introduction

Barley is an ancient crop in Ethiopia which has been cul-
tivated dating back as early as 5000 years (Gamst 1969;
Zemede 2000). Ethiopia is the first important barley pro-
ducer in Africa in terms of grain volume followed by Algeria
and Morocco and the third in area allocated to barley pro-
duction after Morocco and Algeria (FAOSTAT 2020). Bar-
ley is one of the major crops grown next to tef, maize, sor-
ghum and wheat in Ethiopia with a total area of 926,106.9
hectares and total annual production of about 2.34 million
tons in the main season (CSA 2021). It can be grown in the
highland and mid-highland of Oromia, Amhara, Tigray and
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SNNP regional states in the altitude range of 1400 and 4000
mas (Zemede 2000), but predominantly cultivated between
2000 and 3000 masl in diverse agro-ecologies (Berhane
et al. 1996; Sintayehu et al. 2010). These regional states
contribute 48%, 34%, 9%, 9% of barley area and 53%, 32%,
7% and 8% of barley grain production, respectively (CSA
2021). Although the country is recognized as a center of
diversity for barley, most of the farmers still obtain very
low yield and the current national average barley yield is
2526 kg ha~! which is far below attainable yield potential
(Wondimu et al. 2011; CSA 2021). This low productivity
could be attributed to constraints imposed by various abiotic
and biotic stress factors and limited availability of stable,
high-yielding and adaptable improved varieties (Bayeh and
Berhane 2011).

Crop performance is a function of genotype, environ-
ment, genotype by environment interaction (GEI) and thus,
the importance of understanding crop management and its
growing environment has, therefore, been suggested by sev-
eral researchers to increase agricultural production (Yan and
Kang 2003; Kaya et al. 2006; Dia et al. 2017). In this respect,
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variety development to address food security is one of the
major global focuses in general and national crop research
of the country in particular. Thus, to maintain high crop pro-
ductivity, development of varieties with high yield potential
performance with good level of stability and adaptability
across environment is the ultimate goal of plant breeders in
respective crop improvement program (Naroui et al. 2013;
Frutos et al. 2014; Tamene et al. 2014). Particularly, barley
production is subjected to various stress environments under
diverse agro-ecologies in Ethiopia. Accordingly, barley
breeding in the country has been focusing on development
of varieties which are resistant/tolerant to major biotic and
abiotic stress with improved grain yield and acceptable grain
quality (Bayeh and Berhane 2011). Thus, besides breeding
endeavors for yield improvement, strategic focus on stabil-
ity and adaptability of the variety is indispensable under the
scenario of current climate change. Therefore, information
on genotype, environment and G X E interaction is crucial in
barley breeding, given that phenotypic response to change in
environment is different among genotypes (Sintayehu et al.
2010; Sintayehu and Tesfahun 2011; Muluken and Jemal
2011; Muluken 2013; Abtew et al. 2015).

Analysis of genotype by environment interaction would
help in getting information about adaptability and stability
performance of genotype (Bose et al. 2014). High genotype
by environment interaction for quantitative traits such as
grain yield can severely limit gain in selecting superior geno-
types for improved variety development (Kang 1990; Flo-
res et al. 1998; Kaya et al. 2006). When the varieties being
selected are for a large group of environments, evaluating
performance stability and range of adaptation has become
increasingly important. Several stability parameters have
been proposed to characterize yield stability when genotypes
are tested across multiple environments, with each parameter
giving different results (Naroui et al. 2013; Tamene et al.
2015). The two major groups of stability statistics are uni-
variate and multivariate stability statistics (Lin et al. 1986).
The most commonly used method of univariate analysis in
G X E interaction is the linear regression model of Eberhart
and Russell (1966) which made further improvement in par-
titioning the G X E interaction of each variety in to slope
of regression coefficient (bi) and deviation from regression
line (S°di) (Singh and Chaudhary 1985; Bose et al. 2014).
Additive main effect and multiplicative interaction analy-
sis (AMMI) as well as genotype and genotype by environ-
ment interaction (GGE) biplot are among the methods of
multivariate statistical analysis of multi-environment trials
(Naroui Rad et al. 2013). The AMMI model has been exten-
sively applied in statistical analysis and it has a number of
promising implications in plant breeding programs (Gauch
and Zobel 1988; Crossa 1990). Likewise, GGE has been
utilized for variety evaluation in multi environmental tri-
als and it allows interactive visualization of the biplot from
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various perspectives and relative advantages (Yan 2001; Yan
et al. 2007). There is limited information regarding barley
genotypes with respect to nature and magnitude of genotype,
environment and genotype by environment interaction in the
central highland. Therefore, the objectives of the current
study were (1) to determine the magnitude of genotype by
environment interaction for grain yield and some yield com-
ponents and (2) to evaluate the stability and adaptability of
barley genotypes for their grain yield performance across
environments.

Materials and methods
Description of study sites

The experiments were conducted in the highland of Ethio-
pia at nine test environments of Rob Gebeya, Wetebecha
Minjaro, Jeldu, Holeta, Midakegn, Bekoji, Werabe, Wolkite
and Debre Markos locations during 2019 cropping season,
while some of the experimental sites were categorized under
acid soil affected barley growing areas of the central high-
land. These locations are among the major barley production
areas which receive sufficient annual rainfall. Description of
study sites of barley multi-environment evaluation is shown
in Table 1 and geographic locations of testing districts and
regional states were designated with different colors (Fig. 1).

Experimental materials

A total of thirty barley genotypes comprising twenty-three
promising genotypes which were selected in the preliminary
screening trials for acid soil stress along with seven stand-
ard check varieties which showed good performance under
acid soil condition. These barley genotypes were originally
received from Ethiopian Biodiversity Institute (EBI, http://
www.ebi.gov.et) and the check varieties were obtained from
Holeta barley breeding project.

Experimental design and field management

The experiment was laid out in randomized complete
block design (RCBD) with three replications. Plot size was
2.5 mXx 1.2 m with 6 rows at 20 cm spacing between rows
and 40 cm between plots while spacing between blocks was
1 m. Fertilizer rate and type for each testing site was used
based on the recommended rate and time of application
for respective areas of the experimental site. Seed rate of
85 kg ha™! and planting was done by drilling. Pertinent agro-
nomic and weed management practices were implemented as
per the standard recommendation. Data were collected from
the four middle rows of the experimental plot.
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Table_ 1 Description of testing Experimental site District  R/State pH EA BD TRF Alt Longitude Latitude

locations for the study of

genotype by environment Rob Gebeya Wolmera Oromia 4.74 2.15 1.15 1187 2595 38°26'19E 9°07'52N

igtfgzci‘r’l?r;’f lg’gﬁzn%egﬁtypes Watabcha Minjaro ~ Wolmera Oromia  4.59 250 1.15 1126 2700 38°36'07E 9°06'01 N

Ethiopia Jeldu Trial Site Jeldu Oromia 4.47 336 1.00 1308 2886 38°05'36E 9°16'07 N
B/Bidru (M/Kegn) M/Kegn Oromia 4.07 3.74 1.15 1385 2900 37°2825E 9°08'35N
Holeta Res Center Wolmera Oromia 4.86 1.55 1.13 1093 2400 38°30'17E 9°0328 N
Bekoji Trial Site L/Bilbilo Oromia o o o 1194 2808 39°15'19E 7°32'39 N
Worabe (kerkedo) Alicho SNNP o o u} 981 2795 38°09'05E 7°5628 N
Wolkite Res Center Ehza SNNP o o o 1077 2590 38°03'37E 8°0721 N
D/Markos Res Center Gozamin Amhara o o o 1312 2477 37°46'64E 10°16'09 N

oData not available; EA exchangeable acidity (cmol (4, kg !soil); p,= Soil bulk density (g/cm?); Alr altitude
(meter above sea level); TRF total rainfall (mm) based on DSSAT weather file generator
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Fig. 1 Study area of barley multi-environment evaluation and different colors designate districts and regional states of the experimental sites in

Ethiopia

Data collection

Pertinent morpho-agronomic data were collected at some
of the testing sites based on standard procedure on plot and
plant basis. Data on phenological and agro-morphologi-
cal traits of the genotypes on plot basis were days to 50%

flowering, days to maturity at the stage when 75% of the
plants in a plot reached maturity and grain filling period
was calculated as a number of days between days to flower-
ing and physiological maturity. Likewise, thousand kernel
weight (g), hectoliter weight (kg/hl) and adjusted grain yield
(t ha™!) were recorded. Plant height (cm) and spike length
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(cm) data were recorded on plant basis using ten randomly
tagged plants from each plot. However, this paper mainly
focuses on grain yield (t ha™!) adjusted at 12% moisture
level.

Data analysis

Assumptions of analysis of variance were checked for a valid
test of the hypothesis based on the standard analysis pro-
cedure. Based on the assumption’s individual location and
combined analysis of variance was carried out using differ-
ent software packages (SAS and GEA-R).

Analysis of variance

Separate analysis of variance for each environment and
combined over environments was carried out. Combined
analysis of variance was calculated using the model:
Y;=p+g;+e;+geij+eij, where Yij = is the correspond-
ing variable of the ith genotype in jth environment; y =is
the total mean; g;=is the main effect of ith genotype; ¢;_
is the effect of jth environment; ge;=is the effect of geno-
type X environment interaction; e;;_ random error.

Stability analysis

The Eberhart and Russell model is one of the regression
coefficient models in stability analysis among the several
univariate stability parameters proposed by different authors.
Eberhart and Russell (1966) made further improvement in
stability analysis by partitioning the genotype X environment
interaction of each variety into slope of regression coeffi-
cient (bi) and deviation from regression line (S°di).

This model is given as: X;; = m + b;l; + 52213

where m=the grand mean, X;;= the mean of the ith geno-
type, b; =the linear regression coefficient of the ith genotype
on environment index, /;,= the environmental index, i.e., I, =
X;—m), éziiz deviation from regression.

Additive main effects and multiplicative interaction
(AMMI) analysis

Additive main effects and multiplicative interaction (AMMI)
model is one of the multivariate methods which combines
the analysis of variance of genotype and environment main
effects with principal component analysis of genotype by
environment interaction (GEI) into unified approach (Gauch
1988; Zobel et al. 1988). It has proven useful in understand-
ing complex GEI. The data of each trial were analyzed using
this model because this model partitions the GEI sum of
squares into interaction principal component (IPCA) axes.
The AMMI analysis of variance summarizes most of the
magnitude of genotype by environment interaction into one
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or few interactions principal component analysis (IPCA).
The AMMI statistical model is given as:

N
Y =M+ 8+ e+ D Ay B+ 0+ £

n=I

where Yy is yield of genotypes i in environment j for the
kth replication, u is the grand mean, g; is the genotype i mean
deviation (genotype mean minus grand mean), ¢; is the envi-
ronment j mean deviation, N is the number of singular value
decomposition (SVD) axes retained in the model, 4, is singular
value for SVD axes n, @, is the genotype i eigenvector value
for SVD axes n, f3;, is the environment j eigenvector value for
SVD axes n, 6; ~ N(O, czge) is the genotype by environment
interaction residual, Eijk ~N (0,628) is the error term and 9,»/- and
&, are independent that is to say cov (6, £;)=0.

Analysis of both additive main effects and multiplica-
tive interactions (AMMI), and genotype plus genotype by
environment (GGE) were performed using the Genotype by
Environment Analysis with R (GEA-R) version 4.0 (Pacheco
et al. 2016).

AMMI stability value (ASV) as described by Purchase
et al. (2000) is used to further investigate the stability of
the genotypes. Generally, the AMMI model does not make
provision for a quantitative stability measure, such a meas-
ure is essential to quantify and rank genotypes according to
their yield stability. In effect the ASV is the distance from
zero in a two-dimensional scatter of IPCA1 scores against
IPCAZ2 score. Since the [PCA1 score contributes more to the
G X E sum of squares, it has to be weighted by the propor-
tional difference between IPCA-2 score to compensate for
the relative contribution of IPCA1 and IPCA-2 to the total
G X E sum of squares.

AMMIStability Value(ASV)

2

- [<M>(IPCA1scores) + [IPCA2scores? |,
IPCA2sumofscores

where ASV AMMI stability value.

IPCA1 =interaction principal component analysisl
scores for the specific genotype; IPCA2 =interaction prin-
cipal component analysis2 scores for the specific genotype;
SSIPCA1 =sum of square of the interaction principal com-
ponent 1; SSIPCA2 =sum of square of the interaction prin-
cipal component 2.

Genotype and genotype by environment interaction
(GGE) biplot analysis

The concept of GGE originates from analysis of multi-
environment trials of crop varieties. Performance of a vari-
ety in an environment is a mixed effect of genotype main
effect (G), Environment main effect (£), and genotype by
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environment (GE) interaction (Yan 2001; Kaya et al. 2006).
Hence, G and GE are relevant for the purpose of variety
evaluation and the term GGE was adopted (Yan et al. 2000).
GGE biplot enables visual observation to understand which
genotypes are best performed in which environment or
which genotypes are stable and unstable. Moreover, GGE
biplot is also used to visualize the discriminating ability and
representativeness of the test environment (Yan 2001).

Results and discussion
Analysis of variance

Highly significant (P <0.01) variation was detected among
the genotype, environment and genotype by environment
interaction for almost all the traits considered in this study
(Table 2). The existence of significant variation among envi-
ronments might be attributed to variation in climatic and
soil variables across testing environments. The highly sig-
nificant variation among genotypes revealed the existence
of high inherent variability among the barley genotypes and
significant G X E interactions suggest that agronomic traits
of the genotypes varied across the tested environments. This
result revealed that there was differential yield performance
among barley genotypes across testing environments. Simi-
larly, significant genotype by environment interaction and
environmental effects on yield and agronomic traits of barley
were reported by several researchers in various part of Ethio-
pia (Muluken et al. 2010; Sintayehu and Tesfahun 2011;
Muluken and Jemal 2011; Zerihun 2011; Gebremedhin et al.
2014). According to Fox et al. (1996), significant GX E
interaction indicates differential genotypic performance
across environments and reduces the association between
phenotypic and genotypic values, and thus genotypes that
perform well in one environment may perform poorly in
another. Generally, genotypes by environment interaction
can be either exploited by selecting superior genotypes for
specific target environments or avoided by selecting widely

adapted stable genotypes across a wide range of environ-
ments (Ceccarelli 1989; Adugna and Labuschagne 2002).

Mean grain yield performance

The mean grain yield across the nine test environments
ranged from 1.7 t ha™! at Rob Gebeya to 4.7 t ha™! at Bekoji
with a grand mean of 3.10 t ha™! (Table 3). Bakoji followed
by Werabe were identified to be the best environments with
mean grain yield greater than the grand mean. On the other
hand, mean grain yield among thirty barley genotypes at
nine test environments ranged from 4.01 t ha™! for G3 to
2.35 t ha™! for G20. Moreover, G27, G7, G30, G12, G16,
G25 and G29 were among the highest-yielding genotypes.
In the earlier multi-environment national barley variety trial,
Bekoji was characterized as a high-yielding environment,
while South Gonder was low-yielding and Holeta being
intermediate yielding (Wondimu and Berahne 2016).

Analysis based on Eberhart and Russell regression
model

Linear regression for average yield of single genotype on the
average yield of all genotypes in each environment resulted
in regression coefficient (bi) ranging from 0.42 to 1.69 and
deviation from regression (S°di) ranging from — 0.01 to
1.91 (Table 3 and Fig. 2). This variation in regression coef-
ficient indicates differential response of barley genotypes to
environmental changes. According to Eberhart and Russell
(1966) stable genotypes should have a regression coefficient
(bi=1) and a minimum deviation from the regression line
(S%di=0). When this combines with high yield, that geno-
type could be considered suitable for wider cultivation. In
the present study, high-yielding genotypes G3, G27, G7,
G30, G12, G16, G29, G21, and G25 had regression coef-
ficient of 1.42, 1.52, 1.44, 1.26, 1.26, 0.83, 1.29, 0.81 and
1.69, respectively (Table 3 and Fig. 2B). The respective
values of deviation from regression for these genotypes
were 0.21, 0.47, 0.25, 0.39, 0.29, 1.14, 0.96, 0.12 and 0.09.

Table 2 Mean squares of analysis of variance for some agronomic traits of barley genotypes evaluated at different locations

Source GY PH SPL DTH DTM GFP NFT TKW HLW
Env 71.26™ 13,143.46™ 17.06™ 6229.16™ 8244.69™ 2464817 5017 237.14™ 221.64™
Bloc (Env) 2.26™ 278.12"" 1417 15.34™ 59.05™ 25.88™ 0.97" 29.04™ 8.77"
Gen 3.82" 1018.81°" 10.05™ 520.22™ 545.46" 189.02" 0.69  469.05" 109.36™
GXE 1.56"™ 79.95" 0.71" 23.52" 35.52" 55.22" 031" 16.76™ 6.98™
Error 0.448 44.13 0.54 11.77 18.33 2441 0.23 11.57 3.51
Mean 3.11 100.00 6.66 83.29 139.94 56.64 2.06 40.03 61.93
CV (%) 21.55 6.68 10.98 4.12 3.05 8.70 23.42 8.50 3.02

* significantly different at P < 0.05, ** significantly different at P < 0.01

ns non significant
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Table 3 Mean grain yield (t/ha) of barley genotypes at nine testing locations in the highland of Ethiopia

ID G/Name RG WM Jeld Hole Bek DM Midk Wera Welk Mean ASV bi S%di IPCA1 IPCA2
Gl 1773-B 1.77  3.04 215 3.63 449 211 282 455 228 298 040 1.04 0.10 0.03 -0.39
G2 1773-C 1.90 3.45 1.72 391 545 158 3.11 5.13 152 3.23 0.52  1.37 0.45 0.09 -0.49
G3 3514-A 240 3.74 2.64 357 17.07 436 461 444 282 401 0.74 142 0.21 0.34 0.38
G4 16726-A 1.88 2.76 1.61 348 436 210 280 466 330 294 0.37 1.03 0.17 -0.01 -0.37
G5 16739-B 1.80 2.40 256 295 389 264 173 407 286 271 0.44  0.72 0.15 0.12 -0.38
G6 16739-D 1.92 211 3.00 294 456 276 3.05 523 233 3.03 0.19 1.13 026 -0.01 -0.19
G7 17148 1.80 3.70 2.57 338 6.87 4.06 426 4.00 1.74  3.74 0.79 144 0.25 0.38 0.38
G8 24639-A 1.57 3.26 3.26 251 425 085 3.77 406 3.07 287 0.73 092 0.61 -036 -0.31
G9 24955-B 1.96 2.55 270 263 349 238 341 398 231 2.86 0.57 0.63 -0.04 -030 -0.12
GI10 24967-C 1.42 290 275 274 4.68 205 296 428 267 2091 022 107 -001 -0.01 -022
Gl11 24987-B 1.63 2.84 1.94 330 4.05 284 419 397 239 292 032 1.01 0.17 -0.17 0.09
G12 24990 231 3.21 235 356 6.53 424 344 404 2091 3.62 090 1.26 0.29 0.48 0.21
G13 64111-B 1.89 3.29 249 297 4.69 265 263 380 240 298 032 087 -0.02 0.13 -0.22
Gl4 64144-B 1.36  2.40 280 297 455 280 270 435 249 294 020 1.03 -0.02 0.09 -0.12
Gl5 64144-C 248 2.89 251 285 371 234 225 433 263 289 0.50 0.57 0.11 -0.08 -0.44
Gl6 64165-A 2.06 3.58 227 224 384 299 6.17 434 3.61 3.46 1.39  0.83 1.14 -0.72 044
G17 64165-B 1.92 225 210 2.17 395 329 5.65 441 328 322 1.15  0.96 086 —0.55 0.55
G18 64180-A 146 2.14 279 211 238 254 421 356 291 2.68 1.19 042 046 —-0.64 0.18
G19 212959-A 137 1.85 272 1.88 2.61 224 6.18 445 3.02 292 1.91  0.77 191 -1.00 048
G20 216935 1.61 254 1.79 226 324 225 291 288 1.63 235 030 061 -0.08 -0.16 -0.05
G21 222969-C 231 3.18 290 356 4.06 255 338 518 297 334 0.55 0.81 0.12 -021 -0.38
G22  235525-A  1.06 3.63 210 2.82 343 253 372 355 218 278 0.49 0.80 020 -027 -0.02
G23  235544-A  1.80 2.62 196 3.04 372 237 224 320 262 262 0.26 0.60 —0.04 0.03 -0.26
G24  Misc-21 1.30 1.49 239 278 496 456 224 352 283 290 0.87  0.99 0.76 0.43 0.34
G25 Ardu-12 096 2.99 255 373 6.62 2.69 380 424 237 334 0.67 1.69 0.09 0.36 0.13
G26  Shege 1.96 3.59 1.86 325 6.03 320 250 376 252 3.19 0.90 1.20 0.36 048 —-0.11
G27 HB-1307 1.57 2.78 324 361 7.08 4.63 4.18 410 282 3.78 1.05 1.52 0.47 0.49 0.54
G28 Balemi 2.06 3.10 233 3.14 405 3.04 3.02 424 232 303 020 078 -0.07 -0.04 -0.18
G29 Ibonl74/3 1.12 2.06 2.80 338 6.06 523 337 351 2.71 3.36 1.18 1.29 0.96 0.54 0.63
G30 HB-1966 2.13 3.30 236 337 627 4.10 244 470 3.16 354 099 1.26 0.39 0.54 -0.06
Loc Mean 1.76 2.85 244 3.02 470 293 346 415 262 3.10 0.68 1.00
A B
20 G‘? 20
C&S

5" g 4

gw G24 0‘7 ¢ E = G22 q@é{i 3 %7 Q21 6

%05 ‘3‘13 G;éG‘z Gzo 612 R4 E 05 ®G18 »
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Fig.2 Plot of genotype mean grain yield versus deviation from regression (S2di) (A), and Plot of genotype mean grain yield versus regression
coefficient (bi) (B); vertical broken line designates grand mean of barley genotypes
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According to this model, G30, G12, G21 and G16 were
relatively stable genotypes as their regression coefficient
was close to unity with high yield potential. On the other
hand, G3, G7, G12, G21 and G25 had relatively small
deviations from regression with high yield potential while
G19 and G16 had high values of deviation from regres-
sion (Table 3 and Fig. 2A). However, G1, G4, G11, G14,
G10 and G13 were among the stable genotypes in terms of
both regression coefficient and deviation from regression
but characterized with low-yield potential performance.
Therefore, considering yield and stability, G12 and G21
were promising genotypes. Bose et al. (2014) elaborated
that the commonly used in G X E interaction is the linear
regression model of Eberhart and Russell (1966) in which
regression value (bi) gives information about adaptability
and deviation from regression(sdi) used as measure of sta-
bility of performance.

Furthermore, the result of this study was in agreement
with similar works of stability assessment in fifteen barley
genotypes tested at twelve environments in Ethiopia indicat-
ing regression slope and deviation from regression values
within the range of 0.65-1.56 and 0.50-23.5, respectively
(Muluken and Jemal 2011). Likewise, fifteen barley geno-
types were evaluated in the national variety trial at ten envi-
ronments and stability analysis showed regression slope and
deviation from regression within the range of 0.60-1.5 and
0.11-0.55, respectively. Consequently, a stable and high-
yielding variety was identified and approved for national
release (Wondimu and Berhane 2016). Moreover, Bose et al.
(2014) in rice and Dagnachew et al. (2014) finger millet
genotypes stability and adaptability study, reported similar
results indicating significance of the model in identifying
genotypes for the target environments.

Generally, Eberhart and Russell (1966) noted that
regression values above 1.0 describe genotypes with higher

sensitivity to environmental change (below average stabil-
ity) and greater specificity of adaptability to high-yielding
environment, whereas regression coefficient less than 1.0
provides greater resistance to environmental change (above
average stability), and thus showing tendency to specific
adaptation at low-yielding environments.

Additive main effect and multiplicative interaction
(AMMI) analysis

AMMI analysis depicted a highly significant (P <0.001)
difference for grain yield (t ha™!) of thirty barley genotypes
owing to genotypes, environment and genotype by environ-
ment interaction.

Accordingly, environment accounted for (54.61%) of the
total variations followed by genotype (10.69%) and G X E
interaction (34.70%) (Table 4). The magnitude G X E inter-
action sum of squares was three times larger than that of
genotypes, indicating that there were sizable differences in
genotypic response across the environment. Large yield vari-
ation explained by environment followed by GEI revealed
that the environments were diverse, with large differences
among environmental means causing most of the variation
in grain yield. Moreover, significant variation of genotype
also indicates differential grain yield performance among
genotypes tested across environments.

Various studies in barley multi-environment trial dis-
closed that large proportion of the variations attributed to
environment followed by G X E interaction (Muluken et al.
2010; Zerihun 2011; Gebremedhin et al. 2014; Verma et al.
2016). Similarly, several authors reported significant GX E
interaction indicating larger proportion of variation attrib-
uted to environment followed by G X E interaction and geno-
type in the stability analysis of various crop genotypes such
as; wheat (Kaya et al. 2002), rice (Samonte et al. 2005),

Table4 AMMI analysis of

variance for grain yield of 30 Source of variation DF SS MS SS Explained (%) Cumulative (%)

barley genotypes grown at nine Environment 8 570.68 71.34" 54.61 54.61

environments Genotype 29 111.74 3.85™ 10.69 65.30
EGI 232 362.62 1.56"" 34.70 100.00
PC1 36 164.91 458" 45.48 45.48
PC2 34 89.40 2,637 24.65 70.13
PC3 32 47.20 1.48™ 13.02 83.15
PC4 30 23.94 0.80" 6.60 89.75
PC5 28 15.87 0.57" 438 94.12
PC6 26 11.06 0.43 " 3.05 97.17
PC7 24 6.72 0.28" 1.85 99.03
PC8 22 3.53 0.16" 0.97 100.00
Residuals 540 274.35 0.508

* significantly different at P < 0.05, ** significantly different at P < 0.01, *** significantly different at P

< 0.001
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cowpea (Kasaye et al. 2013), finger millet (Dagnachew et al.
2014) and faba bean (Tamene et al. 2014).

In the present study, the presence of genotype by envi-
ronment interaction was evidently demonstrated by the
AMMI model. When the interaction was partitioned among
the first four interaction principal component axis (IPCA)
which cumulatively captured 89.75% of the total GEI, while
the remaining IPCAs contributed 10.25% (Table 4). Thus, a
sufficient percentage of G X E interaction was significantly
explained by IPCA1 (45.48%) followed by IPCA2 (24.65%),
IPCA3 (13.02%) and IPCA4 (6.60%). Furthermore, AMMI
analysis depicted that the first two principal components
contributed maximum proportion (70.13%), hence IPCA1
and IPCA?2 were used to describe two-dimensional AMMI
biplot for further analysis of genotype stability. This result
disclosed that there was differential yield performance
among barley genotypes across testing environments owing
to presence of G X E interaction. In similar studies of barley
genotypes stability analysis. Proportion of G X E interac-
tion of explained by IPCA1 and IPCA2, respectively, were
52.0% and 28.4% by Muluken et al. (2010), 44.4% and
21.3% by Abtew et al. (2015), 44.9% and 25.0% by Verma
et al. (2016). Likewise, studies of other crop genotypes
describing the magnitude G X E interaction explained by
the first two principal components were 50.8% and 27.9%
in wheat by Kaya et al. (2002), 40.9% and 27.0% in rice by
Samonte et al. (2005), 62.6% and 31.2% in rice by Bose et al.
(2014), 66.1% and 12.8% in finger millet by Dagnachew
et al. (2014), 53.0% and 19.5% in tef by Habte et al. (2019).

AMMI stability value (ASV)

AMMI stability value aids selection of relatively stable
high-yielding genotypes. Thus, an ideal genotype should
have high mean grain yield and small ASV. In this study,
ASV ranged from 0.19 to 1.91. Accordingly, G3, G7, G21
and G25 had the highest mean yield of 4.01, 3.74, 3.34,
3.33 t ha~! with intermediate ASV of 0.74, 0.79, 0.55, 0.67,
respectively. On the other hand, G6, G28 and G14 had the
lowest ASV of 0.19, 0.20 and 0.20 with yield performance
lower than grand mean. Moreover, G16, G17, and G27 geno-
types had better grain yield performance of 3.46, 3.22, 3.78
t ha™! but high ASV of 1.39, 1.15, 1.05, respectively signi-
fying their potential for specific adaptation (Table 3). In a
similar study of multi environmental evaluation of fifteen
barley genotypes, having ASV ranging from 0.27 to 2.14
was reported that the highest-yielding genotypes were char-
acterized with a score of an intermediate ASV (Wondimu
and Berhane 2016). In AMMI analysis of grain yield stabil-
ity in rice ASV of 0.13-1.48 observed in which top yield-
ing genotypes had intermediate values (Bose et al. 2014).
ASV in wheat also reported within the range of 0.17-5.119
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(Naroui Rad et al. 2013). Moreover, a similar study of finger
millet varieties by Dagnachew et al. (2014) described a wide
range of ASV (0.27-7.42), while the result of two finger mil-
let accessions showed relatively better stability with small
to intermediate ASV of the other high-yielding genotypes.

AMMI1 biplot

AMMI biplot is a glimpse for displaying genotype main
effect and interaction effect of the genotype and environ-
ment simultaneously. AMMI biplot analysis is considered to
be an effective tool to diagnose interaction patterns graphi-
cally in which display of PCA scores plotted against each
other provides visual inspection and interpretation of GX E
interaction (Kaya et al. 2002). The relation between the pair
of environments or genotypes in the biplot is proportional to
the response they show to genotype by environment interac-
tion effect (Crossa et al. 1990). Generally, biplot aids the
interpretation of interaction effect among genotype and
environment in the study of genotype adaptability. Biplot
of the first interaction principal component axis (IPCA1) of
both genotype and environment versus the main effects gives
information on mean yield and genotype stability. As shown
in Fig. 2A, the result of AMMI biplot in which abscissa
and ordinate were designated as main effects and the IPCA1
scores, respectively. The biplot depicted that relatively the
environmental effect scores were more scattered than geno-
type effect scores indicating variability owing to the environ-
ment is greater than variability due to genotypes. Oliveira
et al. (2014) studied stability of yellow passion fruit varieties
at eight environments describing similar findings.

Accordingly, G1, G4, G6, G10, G2, G28 and G14 were
among the genotypes located near the origin with low contri-
bution to genotype by environment interaction. On the other
hand, G19, G16 and G18 were those genotypes which highly
contributed to the interaction effect implying specific adap-
tation of these genotypes. Moreover, Bekoji, Debre Markos
and Holeta had positive IPCA1 score and positively inter-
acted with G3, G7, G27, G12, G30, G29, G26, G25, G24
genotypes with good yield performance (Fig. 3A). Similar
study of AMMI analysis in rice by Nasssir and Ariyo (2011),
cowpea by Kasaye et al. (2013), rice by Bose et al. (2014)
were reported.

Generally, genotypes that are characterized by mean
greater than grand mean and IPCA score close to zero were
considered as adaptable to all environments, while geno-
types with high mean grain yield and large value of IPCA
score were considered as having specific adaptation. Geno-
types and environments on the same parallel line, relative to
the ordinate have similar yields, and those relative abscissae
have similar interaction pattern while those on the right side
of the midpoint of the axis have higher yields than those
on the left side (Nassir and Ariyo 2011; Bose et al. 2014).
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Fig.3 AMMII biplot of IPCA-1 against grain yield (A) and AMMI-2 biplot of IPCA against IPAD-2 for grain yield of thirty barley genotypes

tested across nine environments (B)

Besides, genotypes or environments located on the right side
of the midpoint of the perpendicular line had higher yield
than those on the left side. Thus, G3, G7, G27, G12, G30,
G29, G26, G25, G2, G21, G17 and G16 had higher yield
compared to those genotypes located on the left side. Moreo-
ver, AMMII1 analysis positioned the genotypes in different
environments indicating interaction trends of the genotypes.
Thus, Bekoji and Midakegn were the most discriminating
environments as indicated by long distance from the origin,
while Watabacha Minjaro and Wolkite environments were
characterized by short vector length signifying less discrim-
inating power. Accordingly, Bekoji and Midakegn testing
environments were located distant from the origin signifying
that these locations had higher contribution to magnitude
of G X E interaction, while Watabacha Minjaro and Wolkite
were located near to origin indicating low contribution of
these locations to the interaction (Fig. 3A).

AMMI2 biplot

AMMI2 is an exploratory technique by which the G X E rela-
tionship can be expressed in terms of interaction patterns
derived in biplot (Bose et al. 2014). AMMI2 biplot presents
the spatial pattern of the first two IPCAs of the interaction
effects and helps in visualizing interpretation of G X E interac-
tion pattern and identifies genotypes or locations that exhibit
low, medium or high level of interaction effect. In the current
study, AMMI2 biplot analysis based on grain yield of barley
genotypes tested at nine environments is presented in Fig. 3B.
Genotypes which are very close to the origin are more stable

than those away from the origin. Thus, G11, G20, G14, G28
and G6 were stable genotypes though they had below average
yield performance. The high-yielding genotypes such as G3,
G7,G12, G25, G26, and G30 were moderately in a proximity
to the origin. Unlike in the case of AMMII G2, G1, G10 and
G15 become unstable under AMMI2 biplot. Thus, the stabil-
ity information obtained using AMMI?2 is more precise than
AMMII biplot as AMMI2 contains information from both
IPCA1 and IPCAZ2 (Oliveira et al. 2014). Moreover, based on
AMMI2 analysis Midakegn, Bekoji and Debre Markos were
located far from the origin while Wolkite and Jeldu were very
close to the origin (Fig. 3B). Generally, the longer the vector
projected from the origin indicates a discriminating environ-
ment among the genotypes evaluated whereas environments
with a short length vector from the origin indicate low interac-
tion of these locations with genotypes evaluated. Several stud-
ies disclosed that genotypes near the origin are non-sensitive
environment interactive forces and those distant from the ori-
gin have large interactions (Samonte et al. 2005; Pacheo et al.
2016). If the genotypes have nearly zero IPCA1 score they are
stable and show general adaptation across their testing envi-
ronments (Flores et al. 1998). If genotypes are far from zero
it is highly responsive or does not perform consistently across
environments. On the other hand, if genotypes and environ-
ments have similar sign on the IPCA score in close proxim-
ity on the biplot graph, then the interaction between them is
positive and they have positive association which facilitate for-
mation of environments with similar agronomic performance
(Kaya et al. 2006; Bose et al. 2014; Olivera et al. 2014).

@ Springer



128

Journal of Crop Science and Biotechnology (2023) 26:119-133

Genotype and genotype by environment interaction
(GGE) biplot analysis

Yield performance of the genotype in a given environment
is a mixed effect of genotype main effect (G), environ-
ment main effect (E£) and genotype by environment (GE)
interaction (Kaya et al. 2006). GGE enables to classify the
study genotypes and environments based on the perfor-
mance of genotypes and response of the growing environ-
ments. GGE biplot often visualized on the basis of results
explained for the first two principal components (Yan
2001). Thus, in the present study, the first and the second
principal components of GGE biplot explained 45.06% and
25.19% sum of squares of GEI, respectively. Both prin-
cipal components together accounted for 70.24% of the
sum of squares of GEI. A similar study of GGE analysis
of multi-environment yield trials of barley in Southeast-
ern Ethiopia showed that PC1 and PC2 explained 52.2%
and 19.6% of GGE sum of squares (Zerihun 2011). Like-
wise, study of GGE analysis of multi-environment yield
trials in wheat by Kaya et al. (2006) stated that 46.2% and
15.8% of GGE sum of squares explained by PC1 and PC2,
respectively. Habte et al. (2019) also reported in GEI and
stability analysis in tef in which the first two principal
components of GGE explained 49.8% and 23.0% of the
total variation. According to Kaya et al., (2006) genotypic
PC1 scores > 0 detect the adaptable and/or higher-yielding
genotypes, while PC1 scores <0 discriminate against the
non-adaptable and/or lower-yielding ones. Unlike geno-
typic PC1 scores, near-zero PC2 scores identify stable
genotypes, whereas absolute larger PC2 scores detect the
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unstable ones. Thus, favorable test environments should
have large PC1 scores (more discriminating of the geno-
types) and near-zero PC2 scores (more representative of
an average environment) (Yan et al. 2001).

Ranking of genotypes and environments

Although an ideal genotype and ideal environment may not
exist in reality, it can be used as a reference point for geno-
type evaluation and selection in multi-environment yield
trials (Kaya et al. 2006). Genotypes and environments that
fell in the central (concentric) circle are considered ideal
genotypes and environments (Yan and Rajcan 2002). The
genotypes are ranked in the direction of the tester axis and
the perpendicular line separates genotypes that perform
below average from those performing above average in a
given environment (Yan 2001). Ideal genotype should have
both high mean yield performance and high stability across
environments (Kaya et al. 2006; Yan and Tinker 2006). Fig-
ure 4A illustrates ranking of genotype relative to the ideal
genotype. The arrow indicates where an ideal genotype
should be located and genotypes located closer to the ideal
genotype are more desirable compared to others. Conse-
quently, G3 and G27 which were located in the center of
concentric circles were ideal genotypes in terms of high-
yielding ability and stability compared with the rest of the
genotypes. In addition, G7, G29, and G12 were genotypes
located in the next concentric circles and can be regarded
as desirable genotypes whereas G19, G20, G18, G5 and
G23 were situated far from the concentric circle and less
desirable genotypes. In a similar study of wheat GGE biplot

AX1S225.19 %

-4

G19

Mida

-2 0 2 4 6
AXIS145.06 %

Fig.4 Ranking genotype based on yield and stability (A); GGE biplot showing discriminative vs representativeness and relationship among test

environment (B)
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analysis in which three genotypes were designated as ideal
genotypes in terms of yielding ability and stability while
five genotypes were considered desirable genotypes (Kaya
et al. 2006).

An environment is more desirable and discriminating
when located closer to the center of a circle or to an ideal
environment. An environment is more desirable if it is
located closer to the ideal environment (Naroui et al. 2013).
The ideal test environment should be most discriminat-
ing and also most representative of the target environment
(Kaya et al. 2006). Figure 4A describes an ideal test environ-
ment which is the center of concentric. Accordingly, Debre
Markos was closest to this point and therefore considered as
a good environment for barley evaluation whereas Midakegn
and Rog Gebeya were found to be the poorest for selecting
genotypes adapted to central highland. Kaya et al. (2006)
elaborated in GGE biplot analysis of multi-environment
yield trials in wheat indicating similar findings. However,
Yan and Tinker (2006) noted that for a specific test location
to be considered as an ideal environment, the experiment
needs to be evaluated over locations and years. Yan et al.
(2001) and Kaya et al. (2006) indicated that a favorable test
environment must have large PC1 scores (more discriminat-
ing genotypes) and small PC2 scores (more representative
of an average environment).

Relation among the environments

In this study, mean grain yield of barley genotypes tested at
nine test environments which was visualized by the line con-
necting each environment to biplot origin (Fig. 4B). Both the
Environment PC1 and PC2 had negative and positive scores
indicating that there was a difference in ranking of yield
performance among genotypes across environments leading
to possible cross over interaction. Similar study revealed
a positive environmental PC1 score (non-crossover type),
while both negative and positive PC2 scores (Kaya et al.
2006). However, in the study of barley stability analysis,
Zerihun (2011) disclosed that environment PC1 scores were
negative indicating crossover type and positive PC2 scores
showing non-crossover type of G X E interaction.

Vector view of the GGE biplot provides a brief summary
of the interrelationship among the environments. The cosine
of the angle between two environments was used to cal-
culate the correlation between them (Yan 2001; Dehghani
et al. 2009; Kaya et al. 2006). When the angle between two
locations or environments is < 90° (acute angle), the test
environments are positively correlated whereas formation
of angle > 90° (obtuse angle) between the test environments
signifies negative association (Yan and Tinker 2006; Fru-
tos et al. 2014). Accordingly, the angle between Holeta and

Wolkite was close to 90° showing the absence of correlation
which signifies independent genotypic performance in those
environments. Moreover, Holeta, Rob Gebya and Watabacha
Minjaro were positively correlated as the angels among their
vectors were smaller than 90°. Similarly, Jeldu, Wolkite and
Werabe were positively associated. When environments are
correlated in their ranking of genotypes, these environments
produce similar information regarding the tested genotypes
and thus, some of the testing environments can be omit-
ted without affecting validity of the information (Yan and
Tinker 2006; Yan et al. 2007). The angle between Holeta
and Midakegn as well as Bekoji and Midakegn was greater
than 90°, indicating negative correlation. Obviously, the
strong negative correlation between environments indicates
high crossover interaction (Yan and Tinker 2006; Kaya et al.
2006). In general, similarity (covariance) between two envi-
ronments is determined by both length of their vector and
cosine of the angle between them (Yan and Tinker 2006).

Representativeness and discriminating ability
of the environment

GGE biplot is useful to assess how much of a test environ-
ment is capable of generating unique information about the
differences among genotypes and representativeness of the
mega environment. Therefore, among the nine environments
studied, Bekoji, Midakegn and Debre Markos were most dis-
criminating (informative), whereas Rob Gebeya and Werabe
were among the least discriminating (Fig. 4B).

The vector length, that is the absolute distance between
the marker of an environment and the plot origin, is a meas-
ure of the discriminating ability; thus, the longer the vector,
the higher discriminative power of the environment (Frutos
et al. 2014). When the test environment has a very short vec-
tor, it means that all genotypes performed similarly thus pro-
vide little information about the genotypes difference (Yan
et al. 2007; Yan and Tinker 2006). The average environment
(denoted by the small circle at the end of the arrow) has the
average coordinate of all the test environments.

The average environment axis (AEA) is the line that
pass through the average environment and biplot origin.
Accordingly, Debre Markos was more representative fol-
lowed by Bekoji, whereas Midakegn was least representative
(Fig. 4B). Test environments that have smaller angle with
the AEA are more representative of other environments,
whereas large deviations from AEA indicate least repre-
sentative once (Yan and Tinker 2006; Yan et al. 2007). In
general, from GGE analysis of barley genotypes revealed
that, Debre Markos and Bekoji were found to be both dis-
criminating and representative. Environments that are both
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discriminating and representative are good test environments
for selecting adapted genotypes (Yan and Tinker 2006).

Genotype performance and mega environment
determination

GGE biplot enables to classify the study genotypes and
environments based on the performance of genotypes and
the response of the growing environments. One of the most
attractive features of GGE biplot is its ability to show the
which-won-where pattern of genotype by environment (Yan
2001; Yan and Tinker 2006). A polygon view was created
by vertex genotypes G30, G27, G3, G16, G19, G18, G20
and G5 which were found away from the biplot origin such
that all other genotypes were contained within the polygon.
The lines coming from the origin which are perpendicular
to the line connecting the furthest genotypes divided the test
environments and genotypes into different groups. Based
on this grouping, the nine test environments were grouped
into three mega environments, whereas the thirty test geno-
types were grouped into five genotypic groups (Fig. 5A).
Bekoji, Debre Markos, Wolkite and Watabacha Minjaro
testing environments fell into one of the sectors, while ver-
tex genotypes for this sector were G3 and G27 suggesting
that these genotypes were higher yielding for these envi-
ronments. Similarly, Holeta and Rob Gebeya were found
to be in the second sector and the vertex genotype for this
sector was G25. Midakegn was also the other single environ-
ment in the other sector while G16 and G19 were the vertex
genotypes, suggesting that the higher-yielding genotypes
for this environment were G16 and G19. According to Yan
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and Tinker (2006), genotypes located on the vertices of the
polygon perform either the best or the poorest in one or more
environments. The other vertex genotypes G5 and G20 had
no corresponding environment implying that these geno-
types were not the best in any of the environments, which
means they were the poorest genotypes in some or all of the
environments.

Yan and Tinker (2006) also reported similar observations.
Generally, it is pertinent to conduct the same experiment
over years and locations to determine mega environments
of barley production in the central highland. Likewise, Kaya
et al. (2006) noted that mega-environment patterns need to
be verified through multi-year and environment trials con-
ducted in the target region.

Assessment of genotypes yield performance
and their stability

Within a single mega-environment, genotype should be eval-
uated for both mean performance and stability across the
environment. Average environment is defined by the aver-
age PC1 and PC2 scores of all environments represented
by small circles (Kaya et al. 2006). The arrow on the axis
of average environment coordinate (AEC) abscissa (AEA)
points in the direction of higher mean performance of geno-
types and consequently ranks the genotypes with respect to
mean performance. The axis of average environment coordi-
nate ordinate is the line that passes through the biplot origin
and perpendicular to AEC abscissa (Yan 2001; Kaya et al.
2006).

AX1S225.19 %

AXIS145.06 %

Fig.5 Polygon view of the GGE showing ‘which won- where’ (A) and mean versus stability view of GGE (B)
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In the present study, analysis of the GGE biplot view is
shown in (Fig. 5B). Therefore, G3 had the highest mean
yield followed by G27 and G7, whereas G20, G23 and G15
were among the low-yielding genotypes. Thus, genotypes
with above average yield potential could be selected for
future variety evaluation or subsequent breeding works.
According to Kaya et al. (2006) and Yan et al. (2007) AEC
ordinate separates genotypes with above average means
from below average means. Moreover, AEC ordinate points
to the greater variability (poor stability) in either direction
(Naroui et al. 2013). Thus G3, G7 and G27 were close to
AEA indicating relative stability, while G19 and G16 were
among the highly unstable genotypes. On the other, one-
third of the genotypes with above average means were from
G3 to G24 whereas genotypes below average were from G2
to G20 (Fig. 5B). From the perspective of stability and mean
performance; G20, G23 and G15 were among the stable but
the lowest yielding genotypes. This result is in conformity
with the report of Zerihun (2011). Generally, the concept of
high stability is desirable only when evidently associated
with good mean yield performance which is meaningful in
economic terms (Yan and Tinker 2006).

Summary and conclusion

Promising barley varieties need to be adapted to a broad
range of environmental factors to ensure food security and
address the industrial demand of barley in Ethiopia. Farmers
are more interested in varieties which produce consistent
yield under their growing circumstances. Likewise, barley
breeders are envisioned to develop promising varieties which
are consistently high yielding with relatively broad adap-
tation and tolerant/ resistant to biotic and abiotic stresses.
Thus, information on genotype by environment interaction
and stability is of paramount importance for barley breeders
and farmers engaged in barley production in the country.
Accordingly, multi-environment evaluation of barley gen-
otypes across nine locations in the central highland was initi-
ated to study magnitude of genotype by environment inter-
action and determine yield performance and stability across
test locations. In this study, AMMI, GGE and Eberhart and
Russell models were employed in the evaluation of thirty
genotypes, whereas both AMMI and GGE models better
elaborated to quantify the magnitude of genotype, environ-
ment and genotype by environment interaction to determine
extent of stability and adaptability. Accordingly, combined
analysis of variance depicted highly significant variation for
grain yield and some agronomic traits among genotypes,
environments and G X E interaction. The result of AMMI
analysis of variance in this study indicated that barley grain
yield performances were highly influenced by environmental
effects followed by G X E interaction and genotypes. The

magnitude of the G X E interaction effect was about three
times higher than that of genotype. Moreover, AMMI analy-
sis further partitioned the G X E variance into interaction
principal component axes (IPCA) to investigate stability of
genotypes. Accordingly, a significant percentage of GX E
interaction was explained by IPCA1 (45.48%) followed by
IPCA2 (24.65%), IPCA3 (13.02%) and IPCA4 (6.60%). The
significant IPCAs together accounted for 89.8%, whereas
the first two IPCAs contributed a maximum proportion of
70.13%.

Polygon view of the GGE biplot revealed that there exist
three possible mega environments; whereas, the thirty test
genotypes were grouped into five genotypic groups. Among
the genotypes tested there were desirable genotypes in terms
of high mean yield and stability. 3514-A(G3) and the ear-
lier released popular variety HB-1307(G27) which located
into the center of concentric circles were ideal genotypes
in terms of higher-yielding ability and stability. Likewise,
17,148 (G7), (Ibon174/03 (G29), and 24,990 (G12) were
located next to concentric circles may be regarded as desir-
able genotypes. It is pertinent to note particularly, 3514-A
was one of the top five genotypes in all the test environ-
ments. Therefore, 3514-A(G3), 24,990 (G12), and 17,148
(G7) are stable and high-yielding promising barley geno-
types for subsequent breeding line identification and variety
development while others can be used as potential breeding
materials.

Ranking of environment based on analysis of discrimi-
nating ability and representativeness results disclosed that
Debre Markos was in a close proximity to the reference point
of ideal environment, and therefore considered as favorable
barley growing environments. Environment PC1 and PC2
had both negative and positive scores indicating differential
ranking of yield performance among genotypes across envi-
ronments leading to possible crossover type G X E interac-
tion which might necessitate breeding for specific adaptation
as breeding strategy. However, additional barley yield tri-
als over locations and over years may be initiated to clearly
identify and decide possible mega environments and breed-
ing approaches.
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