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Abstract

Sorghum (Sorghum bicolor (L.) Moench) is an important essential cereal crop in Ethiopia. Conversely, its productivity is low due
to numerous biotic and abiotic factors. There are diverse and dynamic environmental conditions which needs detail and continue
study on genotypes by environment interaction (GEI) to develop stable genotypes. The objective of this study was to determine
the magnitude of GEI for grain yield of forty two sorghum genotypes and to identify stable and high yielding genotypes across
locations. The experiments were laid out at three locations for two growing seasons using alpha lattice design with three
replications. The plot size 5 m x 0.75 m x 2 rows (7.5 m?) and distance between block, replication, and plot was 1m, 1.5m, and
0.75m, respectively. Phonologic, agronomic, diseases and grain yield data were collected but only grain yield was used for
stability analysis. The ANOVA revealed highly significant variation (p <0.01) among sorghum genotypes across locations and
seasons. Mean grain yield of genotypes ranged from 1.29 to 3.69 with mean grain yield of 2.36, while environment range from
1.18 to 3.63 t/ha. The genotype G1 showed good performance across all test sites which range 5" at E1,3" at E3 and E4, 15" and
7" at E5 and E6 and maximum grain yield was harvested from E3. Yield data were also analyzed using the GGE (that is, G,
genotype +GEl, genotypes-by- environment interaction) bi-plot method. The first two principal components (PC1 and PC2) were
used to create a 2- dimensional GGE bi-plot and explained 59.67 and 13.48 % of GGE sum of squares, respectively. GGE bi- plot
identified G16, G4, and G1 high yielders and stable and G34 and G25 was the lowest yielding and least stable across locations.
On the other hand, the environment E6, E4 and E1 were the most suitable to select desirable genotypes.
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1. Introduction

Sorghum (Sorghum bicolor (L.) Moech) is important cere- [2]. Sorghum was originated in the northeast part of Africa,
al crop belonging to the grass family of poaceae (Gramineae).  mostly Ethiopian-Sudan border [3]. Ethiopia is considered as
It is a ¢4 monocotyledon crop plant [1]. The chromosomes  a center of origin and diversity for the four of the five major
number is 2n =2x=20 and an estimated gnome size of 700Mb races in Africa [4]. Sorghum is the most important cereal
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crop next to maize, rice, wheat, and barley. The grain is used
as a staple food for millions of people, while the stalk used
as livestock feed and construction purpose [5]. Also used as
fiber and biofuels [6]. The grain and fresh or dry biomass has
diverse use and good source for sugar, syrup, and molasses
industry [7].

Sorghum flour to prepare fermented and unfermented
breads, porridges, couscous, and snacks and beverages [8]. It
is second preferred crop next to teff or preparing ‘injera’ [9].
Globally sorghum production is around 60.06 MMT. In Afri-
ca, sorghum is the second most widely cultivated cereal crop
following maize, with a total production of 32.8 MMT. Ethi-
opia is the world’s fourth largest sorghum producer with
production of 4.5 MMT from 1.7 million hectares of land
and with the average productivity of the crop are 2.7 t/ha
following the United States 11.47 MMT, Nigeria 6.7 MMT
and Mexico 4.8 MMT [10]. In Ethiopia, similarly sorghum
production was decline starting 2020 from 5.2 MMT to 4.5
MMT at 2022 [11].

The main constraints of sorghum production are drought,
low levels use of inputs, parasitic striga, disease, insect pests,
low soil fertility and poor storage facilities [12, 13]. Desert
locust infestation in different part of country [14]. Lack of
high yield and stable varieties across diverse environments is
a challenge of sorghum production yield loss in Ethiopia [15].
Also, the yield potential of variety on the farmer field and on
research station varies which impact on yield reduction.
Shortage of widely adapted and high yielding variety is one
of major holdups on sorghum breeding. National sorghum
program developed verities through different breeding meth-
ods to solve the problem. It is continuous identification of
adaptable, diseases resistance/tolerance, stable and high
yielding genotypes a country having diverse environmental
condition. Identifying and releasing of improved variety is
the main goal of sorghum breeding for better yield produc-
tion across different environmental condition.

Multi-environmental trials (METSs) are conducted, in
which a series of genotypes are evaluated over environmen-
tal conditions and over time [16]. Researches have been con-
ducted to identify superior sorghum varieties for better yield
and wide adaptability for intermediate agro ecologies. The
nature of GEI effects on sorghum genotypes performance
across different sorghum growing area and they reported the
existence of high GEI and limited on release of widely
adapted sorghum varieties [17].

The study was showed using eighty-four hybrid lines
across six locations to identify the most stable and high
yielding genotypes. The results specified that yield perfor-
mance of sorghum genotypes were influenced by genotype,
the environments and GEI effect [15]. Similarly, the study as
showed using eighty-four hybrid lines across six locations to
identify the most stable and high yielding genotypes. The [18]
evaluated twenty-five genotypes on three location and three
years. This showed the variation due to location and time.

METSs are valuable in optimizing time and resource in sor-
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ghum breeding programs by evaluating genotypes across
various environmental conditions and over time. To achieve
wide adaptation in breeding, are commended strategy in-
volves identifying multiple diverse environments within a
region and establishing test location in each to assess adapta-
bility and select superior sorghum varieties for improved
yield production [19]. This approach helps breeders identify
genotypes that perform consistently well across different
conditions, leading to the development of high-yielding and
adaptable sorghum varieties.

Various factors such as temperature, moisture, growing
season length, sub-soil pH, and socio-economic conditions
have been identified as sources of GEI in sorghum varieties
grown in sub-Saharan Africa [20]. GEI have great significant
to solve these problems. Because environments have effect
on growth, the yield and yield-related traits of sorghum can
vary across different locations due to environmental factors.
GEI occurs, when two or more genotypes perform differently
in different environments, and are thus described as differen-
tial genotypic sensitivities to environments [21].

The knowledge of the pattern and magnitude of GEI and
stability analysis is important for understanding the response
of different genotypes to varying environments for identifi-
cation of stable, widely adapted and unstable but specifically
adapted genotypes. Therefore, to improve growers’ yields,
despite GEI that cause no one genotype is wins everywhere
and always. So, the growing region should be subdivided
into relatively homogeneous environments (to select more
stable genotypes across the location) or specialized geno-
types bred for each of these environments (this is the expen-
sive ways of breeding) [22].

Several stability statistics used to partition GEI include re-
gression analysis, multivariate analysis, cluster analysis,
genotype main effect plus genotype x environment (GGE)
bi-plot [23] and additive main effect and multiplicative inter-
action (AMMI). However, both GGE and AMMI analysis
are the most frequently used in analyzing GEI pattern of
multi-environment data set. GGE bi-plot analysis is effective
for identifying the best performing cultivar in a given envi-
ronment and the most suitable environment for each cultivar,
comparing any pair of cultivars in individual environments,
identifying the best cultivars for each environment and
mega-environment differentiation, the yield and stability of
the genotypes, and the discriminating ability and representa-
tiveness of the environments [24].

Melkassa Agricultural Research Center crossed several
lines and identifying promising lines at F6 generation then
selected and advanced to preliminary variety trial and tested
for one year across three locations (Assosa, Jimma and
Bako). Then best and superior forty-two genotypes were
selected (including two check) advanced to intermediate alti-
tude Sorghum National Variety Trail at three locations and
two years. To determine the magnitude and pattern of geno-
type by environment interaction and yield stability of sor-
ghum genotypes evaluated at different locations in interme-
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diate agro ecology of Ethiopia.

2. Material and Methods

2.1. Description of Study Area

The experiment was conducted during main cropping

seasons under rainfed conditions of 2020 and 2021 at Jim-
ma, Bako and Assosa Agricultural Research center with
total of six environments. The experimental area was se-
lected for representation of intermediate agro ecology. Ge-
ographical descriptions of experimental sites are described
at (Table 1).

Table 1. Description of experimental site.

Altitude Ave. Temp. (°C)
Environment code Description Rainfall (mm) Soil type

(m.a.s.l) Max. Min.
El Ass0sa2020 1553 1291.2 Nitisols 28.6 14.6
E2 Assosa2021 1553 1130 Nitisols 30 -
E3 Bako02020 1650 1425.3 Nitisols 29 12.48
E4 Bako2021 1650 1245 Nitisols 34 -
E5 Jimma2020 1753 1639 Nitisols 27.6 9.8
E6 Jimma2021 1753 1561 Nitisols 27.4 11.0

Source: Jimma, Bako and Assosa Research center

2.2. Experimental Materials

In this study, a total of 42 breeding lines, including two
reference checks, were used. The breeding lines were initial-
ly crossed at the Melkassa Agricultural Research Center and
then evaluated and advanced using pedigree method of plant
breeding at Bako, Jimma, and Assosa by the Ethiopian Na-
tional Sorghum Breeding Program. Promising lines at the F6
generation were further tested in preliminary variety trials

across three locations for one year, and the best performing
genotypes were selected for an intermediate altitude Sor-
ghum national variety trial conducted at three locations over
a period of two years. The parental lines used in the study
were developed from landrace collection and characteriza-
tions were crossed for grain yield and resistance to various
biotic and a biotic stresses. The parental lines used in the
experiment were created by selecting specific traits related to
grain yield and resistance to various diseases.

Table 2. List of experimental materials used in the experiment.

#G. code Genotype Pedigree

1. NJO03 NJO03

2. ETSC 300376-1 (ETS639/SRN-39)/Adukara

3. Mok087 Mok087

4. Mok079 Mok079

5. Bmb097 Bmb097

6. ETSC 300373-4 (ETS639/SRN-39)/Jorgocolle#1
7. Bmb102 Bmb102

8. Ball9 Ball9

9. Man069 Man069

21

#G. code Genotype Pedigree

22. ETSL 100346 ETSL 100346
23. ETSL 100620 ETSL 100620
24. ETSL 100644 ETSL 100644
25. ETSL 100861 ETSL 100861
26. ETSL 101515 ETSL 101515
27. PML981442 PML981442
28. PML981446 PML981446
29. PML981475 PML981475
30. PML981488 PML981488


http://www.sciencepg.com/journal/ijgg

International Journal of Genetics and Genomics

http://www.sciencepg.com/journal/ijgg

#G. code Genotype Pedigree #G. code Genotype Pedigree

10. S1081 S1081 31 BTx378 BTx378

11. ETSC 300382-1 (ETS639/SRN-39)/Jorgocolle#1  32. ETSL101699 ETSL101699

12. Bam075 Bam075 33. 13MW6029 13MW6029

13. Mok085 Mok085 34. 13MW6042 13MW6042

14. Bmb095 Bmb095 35. ETSC10022-44-2  ETSC10022-44-2
15. Boj007 Boj007 36. 07MW6002 07MW6002

16. Ba066 Ba066 37. ETSC10022-40 ETSC10022-40
17. Bs082 Bs082 38. ETSC10020-22-1  ETSC10020-22-1
18. Y047 Y047 39. ETSC120051-3 ETSC120051-3
19. Qon070 Qon070 40. ETSC12004-11 ETSC12004-11
20. Qon072 Qon072 41. Assosa-1 Bambasi-9

21. ETSL 100124 ETSL 100124 42. Bonsa 97BK6129/85MW4138

2.3. Experimental Design and Field
Management

The experiments were laid out by alpha lattice design
(3*14) with three replications. The total area of an experi-
ments was 1246.5m? (22.5m x 55.5m) with the plot size 5 m
x 0.75 m x 2 rows (7.5m?). The distance between block, rep-
lication, and plot was 1m, 1.5m, and 0.75m, respectively.
Later the plants were thinned with spacing of 15cm. All
management practices were uniformly applied at all loca-
tions.

2.4. Data Collection

Grain yield (Ton ha™): It was adjusted to standard mois-
ture level at 12.5% to get the grain yield per plot in grams
and converted to ton per hectare for analysis.

2.5. Statistical Analysis

2.5.1. Analysis of Variance

Analysis of variance (ANOVA) from combined data was
conducted for grain yield according to Gomez and Gomez
[25]. Bartlett’s (1974) test was used to assess the homogenei-
ty of variances between environments to determine the valid-
ity of the combined analysis of variance of the data over en-
vironments were homogeneous. Analysis of variance for
grain yield and related traits for each location and the com-
bined analysis of variance over environments were per-
formed with the PROC GLM procedure using SAS (2014)
versions 9.3 software and R software. Comparison of treat-
ment means were done by Fischer’s least significant differ-

ence (LSD) at 5% probability levels. The combined analysis
of variance was carried out to estimate years, genotype and
G x Y x L of GEI. Significance levels of these components
were determined using F- test. The combined analysis for,
Genotype x location x year analysis of variance (ANO-
VA)was performed on grain yield and related traits using a
mixed model (where genotypes and locations were fixed
while years, all the interactions involving year, replications,
blocks and error were random with the following statistical
model All statistical analyses were performed in R statistical
software version 4.2.1.

2.5.2. GGE Bi-plot Analysis

The GGE bi-plot was constructed by using Genotype by
environment interaction with R-Software (GEA-R). GGE bi-
plot methodology, which is composed of two concepts, the
bi-plot concept [26] and the GGE concept [27], was used to
graphically analyze the performance of the wheat genotypes
at different environments. This methodology uses a bi-plot to
show the factors (G and GE) that are important in genotype
evaluation and that are also the sources of variation in GEI
analysis of MET data [23].

The general model for GGE Bi-plot is as follow: Yj-p-pj =
AMEInjl + A2E2n;2 + &; where: Y;; = The performance of
the i th genotype in the j th environment; p =The grand
mean; B; = The main effect of the environment j: Al and A2 =
Singular value for IPCA1 and IPCA2, respectively: €il and
&€i2 = Eigen vectors of genotype i IPCAlandIPCA2, respec-
tively: njl and nj2 = Eigen vectors of environment j for IP-
CA1 andIPCAZ2, respectively; €ij = Residual associated with
genotype i and environment j.

22
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3. Result and Discussion

3.1. Mean Performance of Sorghum Genotypes
Across Tested Locations

The individual location ANOVA result revealed highly
significant differences (p<0.001) among genotypes for grain
yield and yield related traits at all environments. The signifi-
cant difference among genotype explained that genotype
differed in their yield potential and indicated the presence of
variation among the tested genotypes for grain yield so it is
possible to identify high yielder genotype for possible use in

these locations (Table 3).

Mean yields of genotypes across environments ranged
from 5.4-1.3 t/ha at E1, 2 - 0.13 t/ha at E2, 5 -1.8 t/ha E3,
4.3-0.4 t/ha at E4, 2.9-0.4 t/ha at E5 and 5.8-0.3 t/ha at ES6.
The genotype G1 was good performance across all test site
which ranked 5" at E1, 3“at E2, 1% at E3 and E4, 15" and 7"
at E5 and EG6 respectively (Table 1). Also G4 was good yield
at all location except E2 which has low yield due to below
average number of head. In other hand G41 and G42 were
check genotypes there performance were low grain yield for
most of environment except G41 at E1 and E3, G42 at E3.
Among the test locations the maximum mean grain yield for
sorghum genotype were recorded at E3, which was 3.63 t/ha,
while the minimum yield was obtained at E2 and E5 which
was 1.18 t/ha and E5 1.48 t/ha respectively.

Table 3. Mean grain yield in (t/ ha) performance of 42 sorghum genotype evaluated at each of the six locations.

Genotype Ass0sa2020 Assosa2021 Bako2020
(E1) (E2) (E3)

Gl 459" 2.38° 4.99°
G2 3.35¢ 0.89™ 408"
G3 3.91M 2.13% 3.97
G4 5.05° 0.70"" 4.90°
G5 3.53"P 135 4.35%
G6 3.39M 1.96% 35400
G7 3.79" 1.65%¢ 359
G8 3.92M 2.40° 3.89%1
G9 297" 1.50 ¢i 429¢¢
G1o 5.45° 0.65" 4.08%¢
Gll1 3.72km 1.58°" 177
G12 3.58™° 1.78%¢ 3 g5tk
GI13 4.14°f 1.70°* 2967
Gl4 3.62™ 2.39° 3.467°
GI5 415 1.17™ 3 59t
Gl6 5.05° 1.45°" 461%
G17 4.16° 1.23¢% 480"
GI18 3.56™ 1.75 be 3 857
G19 2.56" 1.89% 5 48"
G20 3.86 1.92% 467
G21 2.62" 111 276
G22 2.72% 0.45"* 3 59170
G23 3.45%9 0.13° 3.86"
G24 2.87° 0.15% 338"

Bako2021  Jima2020  Jima2021 Rank
(E4) (E5) (E6)

433° 1.89%" 3.88' 3.69 1
2.054 1.23" 1.40" 2.15 19
3.07 2.18"¢ 3.72¢ 3.17 6
3.03% 2.89° 4.75¢ 3.55 2
277" 2.52% 3.46" 3.01 8
2.4 1.40%" 1.73° 241 14
1.38% 2.45"¢ 2.784 257 11
2.12M 1.914f 2.06" 2.72 10
2.93 1.91¢f 1.37% 2.47 12
4.21° 1.47¢ 3.19 3.17 6
1.46M 2.46" 3.00 2.34 15
3.24% 2.43% 5.18° 3.34 5
3.94° 2.32%¢ 5.80° 3.48 3
432 2.09¢F 5.00° 3.48 3
2.5 2.89° 2.54™ 2.80 8
2.89¢" 2.09¢F 439° 3.41 4
3.34 1.47¢ 3.38" 3.07 7
201'm 238 2.81F 2.73 9
221K 1.69' 2.67™ 2.25 16
1319 2.45% 4.28° 3.07 7
0.77° 0.84%™ 1.86° 1.66 29
1.77" 0.98™ 1.48%" 1.83 25
1.86™ 0.46™ 1.53" 1.87 23
125" 0.76° 1.21% 1.61 32
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it Asso0sa2020 Asso0sa2021 Bako2020
P (E1) (E2) (E3)
G25 2.12% 0.48™° 3.675"
G26 4.09% 0.6 3.648"
G27 1.96% 1.96" 3.87°%
G28 3.66"" 0.27°° 3.560"
G29 1.99"Y 1.93% 427°"
G30 1.80% 0.98 1 3.80¢8"
G31 3.94¢87 0.53 ™ 3.97¢h
G32 1.87% 1.87 %4 3.61M"
G33 2.07"% 0.227% 3.25™d
G34 1.93*% 0.49 ™ 3.43k°
G35 4.06%" 0.61 237"
G36 2.74% 037" 2.525¢
G37 3.99 0.67" 3.708™
G38 3.02" 0.247 3.34™d
G39 1314 1.61°" 2.79™
G40 2.49¢ 1.23% 2,919
G41 4.82°¢ 0.68"™" 3.08 °7
G42 2.14Y 0.219° 3.69¢"
Mean 3.33 1.18 3.63
CV (%) 3.2 9.9 7.7
LSD at 5% 0.17 0.19 0.46

3.2. Combined Analysis of Variance Over
Locations

The combined analysis of variance results for the data
from Assosa, Bako, and Jimma over two years showed that
genotype, location, and year had a highly significant differ-
ence (p<0.01), indicating that the performances of genotypes
varied across different locations and years. Genotype ex-
plained 24.9% of the total variation, while locations and
years explained 11.4% and 11.46% respectively, suggesting
that the environmental conditions were relatively consistent
within these three locations and two years. Additionally, the
interactions between genotypes and location, genotypes and
year, and location and year also had a highly significant dif-
ference (p<0.01), impacting grain yield and related traits.
The result indicated that mean grain yield (t/ha) was signifi-
cantly influenced by the interaction effect. This accounted
8.89%, 5.31% and 20.53% of the total variation, GxL, GxY
and YxL respectively. Environments explain large variation

Bako2021  Jima2020  Jima2021 Y
(E4) (ES5) (E6)

0.85° 0.38° 1.14 1.44 34
2.19" 0.99"™ 1.66™ 2.19 17
0.85° 0.90~™ 1.58° 1.86 24
1.76™ 0.92F™ 0.66™ 1.81 27
1.84" 1.34¢81 0.79" 2.04 21
3.07ef 0.69 ™ 0.358 1.78 28
3.48¢ 0.99'™ 1.68M 2.42 13
0.84s 0.38° 126" 1.64 30
1.36% 091%™ 0.33" 137 35
0.48' 0.99™ 0.46" 1.29 36
3.49° 0.77"° 1.74% 2.17 18
2.59" 0.90~™ 0.61% 1.62 31
1.63° 1.23"* 1.39" 2.09 20
276N 1368 1.46™" 2.03 22
2.551 0.93™ 1.64P 1.82 26
2.84" L1 1.52" 2.03 22
1.46™ 1.34% 16577 2.17 18
1.40% 1.06"™ 0.494 1.51 33
2.30 1.48 2.24 2.36

4.8 7.9 3.9

0.18 0.19 0.14
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due to interaction between years and location importantly
this shows that evaluation of genotype with in different loca-
tion and years was paramount. The mean performance geno-
type affected by both year and location which lead to see the
effect of environment on genotypes (Tables 3 and 4). The
significant variation due to GxLxY explained that the re-
sponse of genotypes was different change in location and
years. The result designated the reliability of the multi-
environment year trials. This is used to identifying seasonal
variation due to different environmental factors with in the
location and between locations.

The GEI was significant showing variable performance of
the genotypes in the various environments. The variation in
grain yield was attributed to factors such as genotypic varia-
tion, soil fertility, rainfall patterns, temperature, and moisture
availability across different locations and years. This high-
lights the importance of evaluating genotypes in various en-
vironments and considering the impact of these environmen-
tal factors on crop performance. The presence of significant
genotype-by-environment interaction (GEI) means that the
performance of one genotype can be better in one environ-
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ment (location and year) but, worse in another. This compli-
cates the breeding program for developing stable crop varie-
ties across different locations and years. While year variation
cannot be controlled, breeders need to focus on developing
varieties that are adapted to specific locations or have wider
adaptability to overcome the challenges posed by GEI.

The presence of variations among different genotypes for
specific traits suggests that there is a greater opportunity for
improving the crop through selective breeding. This also
indicates that the performance of genotypes can vary across
different environments, highlighting the need to consider

environmental factors when selecting and developing crop
varieties. The effect of environment is concern on the varia-
tion of genotype with different agro ecology for yield and
yield related traits. In line with the current study [18, 28]
were discussed on the effect of location and year (environ-
ment) on grain yield. So, there is different response of geno-
type for varying location this lead to identification of geno-
types for specific location but it needs to identifying geno-
types which is wider adaptation and yielding. Than analysis
of stability is very important and significant for identification
of stable genotypes.

Table 4. Combined ANOVA for grain yield (t/ha) and percentage of sum of squares of the variance.

Source of variation Df SS
Genotypes 41 342.99
Location (Loc) 2 158.75
Years (Yr) 1 156.51
Gen x Loc 82 122.73
Genx Yr 41 72.87
Genx Locx Yr 82 148.56
Residuals 496 93.04
Total 755 1382.08
Mean= 2.36 CV =18.35

3.3. Genotype Main Effect and
Genotype-by-Environment Interaction
(GGE) Bi-plot Analysis

The GGE (genotype main effect (G) and genotype-by-
environment interaction (GE)) concept is based on the under-
standing that genotype main effect (G) and genotype-by-
environment interaction (GEI) are the two sources of varia-
tion that are relevant to genotype evaluation and that they
must be considered simultaneously for appropriate genotype
evaluation [23]. The graphical method was employed to in-
vestigate environmental variation and interpret GXE interac-
tion. The partitioning of GXE interaction through GGE bi-
plot analysis showed that IPCA 1 and IPCA 2 accounted for
59.67% and 13.48% of sum of squares, respectively, with a
total of 73.15 % variation for grain yield.

3.3.1. Ranking of Varieties Based on Mean Grain
Yield and Stability Performance

Figure 1 shows ranking of genotypes based on their mean

25

%SS MS
24.84 8.36%**
11.49 7937
11.34 156.51 %%
8.89 1.49%%
5.28 1.78%%%*
10.76 1.81 %%
6.74

R?=93

yield and stability performance by AEC line which passes
through the bi-plot origin. Genotypes on the right of vertical
line had low performance (below average mean yield). Hence,
G2, G6, G9, G21, G23, G22, G24, G25, G26, G27, G27, G28,
G29, G32, G31, G35, G37, G36, G38, G39, G40, G41, G42.
The genotypes on the left side of the ordinate line were G1, G8,
G9, G10, G12, G11, G13, G14, G15, G16, G17, G18, G20
gave above average mean yield across locations. A longer
projection to the AEC ordinate, regardless of the direction,
represents a greater tendency of the GEI of a genotype, which
means it is more variable and less stable across environments
or vice versa. The stability of the genotypes is determined by
their projection on to the middle horizontal line.

The greater the absolute length of the projection of a geno-
type, the less stable it is. According the bi-plot (Figure 1)
genotype G16, G4, and G1 have the shortest vector from the
ATC abscissa were high yield and most stable genotype in-
dicating wide range of environmental adaptation. Thus geno-
type G13, G10 G14 and G12 was longer projection from
average line and indicating highest yielding but less stable
genotype while, genotypes G34 and G25 was the lowest
yielding and least stable across locations in the present study
having large environmental variation across location. G41
and G42 were check genotype due to estimate by the projec-
tions ranked along the average-tester axis (ATC abscissa),
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with the horizontal line based on their average performance locations but had a large contribution to the GEI.
were below mean yield as well as low stable across the six

Mean vs. Stability

AXIS2 13.48 %

-8 -6 -4 -2 0 2
AXIS159.67 %

Figure 1. Average environment coordination (AEC) views of the based on environment-focused scaling for the mean grain yield performance
and stability of 25 bread wheat genotypes tested across six environments. Details of environment are given in Table 1. Numbers 1 to 42 rep-
resent genotypes as indicated in Table 2.

3.3.2. Evaluation of Varieties Based on the Ideal they are desirable genotypes in terms of high yield and sta-

Genotype bility as compared to other genotypes. On the other hand,
genotypes which are located distant from the first concentric
circle and the right side AEC abscissa, there were performing
below mean yield and undesirable genotypes. Similar result
was reported [27, 29, 30, 31].

The GGE bi-plots can place genotypes based on relative to
the ideal genotypes (Figure 2) from this G16 was the “ideal”
variety with the highest mean grain yield followed by G4 and
G1 which fall closer to the center of concentric circles, and

Ranking Genotypes

< 4
AN
N El
o AN
" . E4
) L \; 4117
™ ———
— ——
3 \Es\
<
132
Y E6
<Ir —
I I I I [ I
-8 6 -4 2 0 2

AXIS159.67 %

Figure 2. GGE biplot with scaling focused on genotypes, for the evaluation based on the ideal genotype of 25 bread wheat genotypes across
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six environments. Details of environment are given in Table 1. Numbers 1 to 42 represent genotypes as indicated in Table 2.

3.3.3. Evaluation of Environments Relative to Ideal
Environments

As shown in figure 3, E6 followed by E4 and E1 had the
longest vector with small IPCA, which fell into near to cen-
ter of concentric circles was considered as an ideal environ-
ment in terms of being the most representative of the overall
environments and the most powerful to discriminate geno-

types. Similar to ideal genotype, the ideal environment is
located in the first concentric circle in the environment fo-
cused bi-plot, and desirable environments are close to the
ideal environment. In addition E1 were closed to the ideal
environment; therefore, it should be regarded as the most
suitable to select widely adapted genotypes. This result in
combined with [27, 30, 31, 32].

Ranking Environments
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Figure 3. GGE biplot with scaling focused on environment, for the comparison of environments with ideal environment. Details of environ-
ment. Details of environment are given in Table 1. Numbers I to 42 represent genotypes as indicated in Table 2.

3.3.4. The Polygon View of the GGE Bi-plot (The
“Which-Won-Where” Patterns)

The polygon view of a GGE bi-plot explicitly displays
the which-won-where pattern, and hence is a brief summary
of the GEI pattern of a MET data set [33]. One of the most
attractive features of a GGE bi-plot is its ability to show the
which-won-where pattern of a genotype by environment
dataset. Use of a bi-plot intriguing, as it graphically ad-
dresses important concepts such as crossover GE, mega-
environment differentiation, specific adaptation [21]. A
polygon is first drawn on genotypes that are furthest from
the bi-plot origin so that all other genotypes are contained
within the polygon. (Figure 4) showed that, The vertex
genotypes in this investigation were G2, G10, G11, G13
and G34 that means genotypes located on the vertices of
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the polygon performed either the best or the poorest in one
or more environments [21].

The vertex genotype in each sector represents the highest
yielding genotypes (the winning genotype) in the location
that falls within that particular sector [34, 35]. Polygon views
the GGE bi-plot showing the mega-environments and their
respective highest yielding cultivars [36]. The genotype (G10)
was high yielding variety at E1, E3 and E4, the genotype
(G13) high yielder at E6 and genotype (G11) was high yield-
er at E5. The vertex genotype G34 was the poorest (low per-
forming) almost all of the test environments since it had the
longest distance from the origin of the bi-plot on the opposite
side of the environments and It had also been observed that
no environments fell into sectors of those genotype. Geno-
type G12, G4 and G1 were located near to the origin imply-
ing the genotypes were broadly adapted similar result was
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obtained by [21, 32, 37, 17] the genotypes were broadly

adapted similar result was obtained by [21, 32, 36, 37].

Which Won Where/What

AXIS2 13.48 %

AXIS159.67 %

Figure 4. Polygon view of the GGE biplot using symmetrical scaling for the which-won-where pattern of the genotypes environments. De-
tails of environment. Details of environment are given in Table 1. Numbers 1 to 42 represent genotypes as indicated in Table 2.

4. Summary and Conclusion

Selecting stable genotypes is challenging due to genotype-
environment interaction causing performance fluctuations
across locations and years. The results of this study indicated
that sorghum grain yield performances were highly influ-
enced by environmental, genotype and interactions effects.
Sorghum genotypes showed cross over GEI across environ-
ment and among genotypes tested, there were desirable
genotypes in terms of mean yield and stability. GGE bi-plot
methods were used to evaluation genotype graphical by con-
sider environmental variation and help to understand parti-
tioning of GEI over bi-plot analyses, were showed IPCA1l
and IPCA2 which accounted 59.69% and 13.48% of sum of
squares. The bi-plot can evaluate genotypes based on mean
grain yield and stability, According to bi-plot G16, G4 and
G1 were high yielding and most stable. On the other hand
G13, G10 and G14 were high yielding but less stable geno-
types as a result of length of ATC abscissa. Center of con-
centric circles can identifying ideal genotypes and environ-
ment. Genotypes and environment near to ATC line were
high, stable and most representative over all environments
and most powerful to discriminate genotype G16 and E6
respectively.
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