
February 2018
ISSN 2141-6591 
DOI: 10.5897/JCO
www.academicjournals.org 
  

AcademicJournals

Academic 
Journals

OPEN AC C ESS

Journal of Cereals and Oilseeds



 
 

 

ABOUT JCO 
 

The Journal of Cereals and Oilseeds (JCO) is published weekly (one volume per year) by 
Academic 
Journals. 
 
Journal of Cereals and Oilseeds (JCO) is an open access journal that provides rapid publication 
(monthly) of articles in all areas of the subject such as: Effects of Zinc fertilizer application on the 
incidence of rice stem borers, effect of extraction conditions on the yield and quality of oil from 
castor bean, effects of plant density of intercropped soybean with tall sorghum on competitive 
ability of soybean and economic yield, in vitro and in vivo responses of different treating agents 
against wilt disease of safflower etc.  
The Journal welcomes the submission of manuscripts that meet the general criteria of 
significance and scientific excellence. Papers will be published shortly after acceptance. All 
articles published in JCO are peer-reviewed. 
 

 

 
Contact Us 

 

Editorial Office:                       jco@academicjournals.org   

Help Desk:                                helpdesk@academicjournals.org  

Website:                                   http://www.academicjournals.org/journal/JCO   

Submit manuscript online     http://ms.academicjournals.me/ 

mailto:jco@academicjournals.org
mailto:helpdesk@academicjournals.org
http://www.academicjournals.org/journal/JCO
http://ms.academicjournals.me/


 
 

 

Editors 
 

Dr P.K. Agrawal 
Principal Scientist Biotechnology Unit 
Division of Crop Improvement 
Vivekanand Institute of Hill Agriculture 
(Indian Council of Agriculture Research) 
Almora-263601 Uttarakhand  
India 

 
Prof He Yong 
College of Biosystem Engineering & Food 
Science Zhejiang University 268 Kaixuan Rd 
Hangzhou 310029 Zhejiang, China 

 
Dr. Mohamed Fawzy Ramadan Hassanien 
Biochemistry Department, Faculty of Agriculture 
 Zagazig university,Zagazig 44511, Zagazig, Egypt 

 
Prof. Dr. Bahaa El Din Mekki 
Field Crops Research Department, National 
Research Center, El - Bohoos St ( El- Tahrir) - 
Dokki - Giza - Egypt 

 
Dr. Héctor Eduardo Martínez Flores 
Chemical Pharmacology Faculty of the 
 Universidad Michoacana de San Nicolás de  
 Hidalgo, MOrelia Michoacán, México 

 
Dr. Dimitrios J. Bilalis 
Agricultural University of Athens, Department of Crop 
Science, Lab. Of Crop Production, Iera Odos 75, 
10445, Athens, Greece 

 
Dr. Mathias Schmidt 

Herbresearch Germany 
Wartbergweg 15 D-86874 Mattsies  
Germany 

 
Dr. Howard Qi 
Michigan Technological University 
1400 Townsend Dr., Houghton, MI 49931, 
U.S.A. 

 
Dr. Florence M'mogi Olubayo 
Dept. of Plant Science and Crop Protection 
University of Nairobi, P.O. Box 30197, Nairobi 
Kenya 

 

 



 
 
 
  
 Editorial Board 

 
Dr. Arash Kianianmomeni 
Department of Cellular and Developmental  
Biology of Plants University of Bielefeld  
 D-33615 Bielefeld, Germany. 

 
Dr. Paunescu Gabriela 
Agriculture And Development Research Station Simnic 
Craiova, Address Balcesti Street No 54 Simnic Craiova County 
Dolj, Romania. 

 
Dr. Ayo Jerome Adekunle 
Joseph Ayo Babalola University Ikeji- Arakeji 
Address PMB 5OO6 Ilesha Osun State, Nigeria. 
 
Prof A. Zaman 

   Department of Agronomy BCKV Mohanpur-741 252, 
  West Bengal India. 
 
Dr. Wei Wang 

  College of Life Science Henan Agricultural University 
  Wenhua Road 95 450002 Zhengzhou, China. 
 
Dr. P.K. Viswanathan 
Gujarat Institute of Development Research  
(GIDR), Gota Ahmedabad - 380 060 Gujarat, India. 

 
Dr. Svetoslav Todorov 
 University of Sao Paulo Faculty of Pharmaceutical         
 Sciences Sao Paulo, Brasil. 

 
Dr. Pitipong Thobunluepop 
Faculty of Technology Department of Plant  
Production Technology Mahasarakham University 
Talard Sub-District Muang District Maha  
Sarakham 44000, Thailand. 

 
Dr. Devarajan Thangadurai 
Department of Botany Karnatak University 
Dharwad Karnataka 580003, India. 
 
Dr. Supradip Saha 
 NRM Division V.P.K.A.S. Almora Uttarakhand-263 601,          
Indian. 

 
Prof. Kuldeep Singh 
GS Khush Laboratories School of Agricultural  
Biotechnology Punjab Agricultural University 
Ludhiana 141 004, India . 

Dr. Bita Naseri 
Department of Plant Protection Agricultural and Natural 
Resources Research Center PO Box 4519-51494, Zanjan  
 Iran. 

 
Dr. P. K. Das Mohapatra 

Department of Microbiology vidyasagar University 
midnapore - 721 102 west Bengal India. 
 
Dr. Mehdi Toloo 
No. 136, Forsate Shirazi st., Islamic Azad University,  
Central Tehran Branch, Tehran, P. O. Box 13185.768.  
Iran. 
 
Prof. Dr. Bahaa El Din Mekki 
Field Crops Research Department National Research  
Center El - Bohoos St ( El- Tahrir) - Dokki - Giza -  
 Egypt. 

 
Dr. Arash Kianianmomeni 

Department of Cellular and Developmental  
Biology of Plants University of Bielefeld  
D-33615 Bielefeld, Germany. 
 
Dr. Dattatreya M. Kadam 
Division of Food Grains and Oilseeds Processing  
Central Institute of Post-Harvest Engineering and  
Technology (CIPHET) PO: PAU Ludhiana-141004  
Punjab, India.  

 
Dr. Navin Kumar Jain 
AICRP on Cropping Systems (ECF)  
Department of Agronomy  
Rajasthan College of Agriculture 
 Udaipur-313 001, India. 
 
Dr. Mohammad Nazmul Islam 
Associate Professor and Head Department of Civil 
Engineering Presidency University 11A, Road 92  
Gulshan 2 Dhaka 1212 Bangladesh. 

 
Dr. Luis Héctor Hernández Hdez 
Laboratorio de Producción Acuícola UNAM FES  
Iztacala Av. de los Barrios 1, Los Reyes Iztacala 
Tlalnepantla, Edo. de México. 

 
Dr. Baragur Neelappa Divakara 
Global Theme on crop improvement International  
Crops Research Institute for the Semi Arid Tropics  
(ICRISAT) Patancheru - 502 324 Andhra Pradesh 
India. 



 

 
 
 
 
 

International Journal of Medicine and Medical Sciences  
 

 
 

              

Table of Contents: Volume 9 Number 1 February 2018 
  
 
 

 
 

 

Journal of Cereals and Oilseeds 

ARTICLE 
 
 
 
 

 
Evaluation of the performance of some white seeded sesame  
(Sesamum Indicum L.) genotypes using GGE biplot analysis in Northern Ethiopia          1 
Fantaye Belay, Hintsa Meresa and Atsbha Gebreslasie 



 
Vol. 9(1), pp. 1-9, January 2018 

DOI: 10.5897/JCO2018.0180 

Article Number: A14D7B656270 

ISSN 2141-6591 

Copyright ©2018 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/JCO 

Journal of Cereals and  

Oilseeds 

 
 
 
 

Full Length Research Paper 
 

Evaluation of the performance of some white seeded 
sesame (Sesamum Indicum L.) genotypes using GGE 

biplot analysis in Northern Ethiopia 
 

Fantaye Belay1*, Hintsa Meresa1 and Atsbha Gebreslasie2 

 
1
Abergelle Agricultural Research Center, Tigray Agricultural Research Institute (TARI), P. O. Box 44 Abi-Adi, Ethiopia. 

2
Mekelle Agricultural Research Center, Tigray Agricultural Research Institute (TARI), P. O. Box 258 Mekelle, Ethiopia. 

 
Received 21 September, 2017; Accepted 23 January, 2018 

 

Sesame (Sesamum indicum L.) known as queen of oil seed crops is mainly grown for its oil of local 
consumption, sources of income and great contribution for the national economy of Ethiopia. However, 
there is a low productivity and production due to environments, genotypes, interaction and 
management variation. Four sesame genotypes were evaluated for their interactions with environments 
and seed yield stability analysis at three environments during the 2015 main cropping season. The 
objectives of the study were to estimate the magnitude and nature of GEI and to identify stable and/or 
high yielding white seeded sesame genotypes in Abergelle Agricultural Research Center mandate 
areas, Northern Ethiopia. The study was conducted using a randomized complete block design with 
three replications at each environment. The combined analysis of variance revealed highly significant 
(P≤0.01) environment (E), genotype (G) and genotype × environment interaction (GEI). Environment 
explained 79.84% of the total (G + E +GE) variation, whereas G and GE explained 17.21 and 2.95% of the 
total variation, respectively. The magnitude of the environment was 4.6 times greater than the genotype, 
implying that most of the variation in seed yield was due to the environment. The significant genotype 
by environment interaction effects were further partitioned into two significant interaction principal 
components using the genotype main effect plus genotype x environment interaction (GGE) biplots 
model. The first two principal components for seed yield stability of the GGE biplot analysis explained 
96.81% of the total variation caused by G+GE of PC1 and PC2 accounted for 90.88 and 5.93% sum of 
squares, respectively, while 3.19% was attributed to noise. Thus, model diagnosis (fitting) showed that 
the first two PCs were significant and can be taken to interpret this data. The which-won-where biplot 
identified one winning genotype in one mega environment. The winning genotype across locations was 
Humera-1. Thus, the GGE (genotype and genotype by environment interaction) biplot analysis indicated 
that Humera-1 was considered as the most desirable and stable one’s, therefore, can be recommended 
for wider cultivation due to better seed yield and stability performance across the test environments in 
the dry lowland areas of Southeast and Central zones of Tigray region, Northern Ethiopia. 
 
Key words: Dry lowland, GEI, GGE biplot, mega environment, S. Indicum L. 

 
 
INTRODUCTION 
 
Sesame (Sesamum indicum L.) belongs to the order 
Tubiflorae,  family   Pedaliaceae,   is   an   important   and 

ancient oil-yielding crop. It has an edible seed and high 
quality oil  (Pathak et al., 2014).  It  is cultivated in tropical 
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and subtropical regions of Asia, Africa and South 
America (Zhang et al., 2013). It remains warm-season 
annual crop primarily adapted to areas with long growing 
seasons and well-drained soils (Hansen, 2011). Sesame 
is the oldest self-pollinating annual oil seed originated in 
Africa, Ethiopia domesticated over 5000 years ago. 
Although originated in Africa, it was spread early through 
West Asia to India, China and Japan which became 
secondary distribution centers and now cultivated in 
many parts of the world (Yamanura, 2008). The average 
world sesame seed yield productivity was about 0.51 
ton/ha (FAOSTAT, 2014).  

Ethiopian sesame is among the highest quality in the 
world, as seeds are naturally produced at near-organic 
levels. Sesame seed is branded as Humera, Gonder and 
Welega types which are well known in the world market 
by their white color, sweet taste and aroma. The Humera 
and Gondar sesame seeds are suitable for bakery and 
confectionary purposes; on the other hand, the high oil 
content of the Welega sesame seed gives a major 
advantage for edible oil production (Yamanura, 2008). It 
is an important agribusiness sector in Ethiopia and one of 
the six priority crops of Agricultural Growth Programme 
(AGP) (USAID, 2012). It accounts 90% of the value of 
exported oil seeds, estimated at 379 million USD 
(FAOSTAT, 2012). It is the 2nd to coffee in foreign 
exchange earnings in Ethiopia (USIAD, 2014) and 2nd to 
oil seed oil crop in terms of area coverage of 420,494.87 
ha and the total production 288770 ton/ha next to noug 
(Guizotia abyssinica Cass.) (CSA, 2015). 

The major sesame regions in Ethiopia are, Tigray 
(western and north western 36%), Oromia (East Welega 
17%) and Benishangul Gumuz (Belles valley 15%), 
Amhara (Metema 31%) are the most sesame producing 
regions in the country (Adefris et al., 2011). Even though 
sesame is a source of income for many small scale 
farmers, investors, traders, exporters and Ethiopia 
economic growth, the industrial processing and utilization 
of sesame have not been fully developed in the country. 

Despite the fact, sesame is highly marketable oil crop 
and superior sources of income in many sesame growing 
areas of Ethiopia; its productivity is low and unstable 
across locations and years due to biotic (weeds, insects 
and diseases etc.) and abiotic factors (soil type, altitude, 
rail fall distribution and intensity etc.). Seed shattering at 
maturity is due to, lack of uniform maturity of capsules, 
lack of wider adapting cultivars, non-synchronous 
maturity, poor stand establishment, lack of fertilizer 
responses and low harvest index etc. (Ashri, 1994). 

GEI is a challenge for plant breeders and complicates 
cultivar recommendation because of the inconsistency of 
best yielding genotypes across cropping environments; 
however, it may also offer opportunities of increase yields  
 

 
 
 
 
through growing genotypes specifically adapted to a 
given area. The main features of quantitative traits are 
they are highly influenced by the environment and difficult 
to understand the genotype-phenotype relationship as 
compared to qualitative traits. Because of the genotype 
by environment interaction, the selection of stable 
genotypes that interact less with the varying 
environments in which they are to be grown is required 
(Kumaresan and Nadarajan, 2010). The effect of GEI 
becomes more apparent by conducting multi-location and 
multi-years trials, that have three main objectives: (a) to 
accurately estimate and predict yield based on limited 
experimental data; (b) to determine yield stability and the 
pattern of response of genotypes across environments; 
and (c) to provide reliable guidance for selecting the best 
genotypes or agronomic treatments for planting in future 
years at new sites (Crossa, 1990). 

The current sesame production in Ethiopia has many 
opportunities, such as highly market demand, large area 
with suitable environments for production (North western 
and South Western Ethiopia), growing in low moisture 
areas, presence of genetic diversity to improve 
production yield potential and export demanded very 
competitive world wide (Wijnands et al., 2007). However, 
the research attention and breeding programme which 
has been given to improve its yield and oil content is not 
comparable with its contribution to Ethiopian economy 
and there is no information available on globally 
demanded white seeded sesame genotypes. Therefore, 
study on GEI and due attention for such white seeded 
sesame genotypes is essential in Ethiopia.  
Therefore, the objectives of the study were to: 
 

1. Estimate the magnitude and nature of GEI for seed 
yield and  
2. Identify stable and/or high yielding white seeded 
sesame genotypes and assess their performance across 
locations using GGE biplot analysis in Northern Ethiopia. 
 
 

MATERIALS AND METHODS 
 

Description of the study areas 
 

Field experiment was conducted under rain-fed condition at 
Abergelle Agricultural Research Center mandate areas (Table 1) 
during the 2015 main cropping season at three environments, 
namely; Agbe, Dabanu and Finaruwa. They are found in Tanqau 
Abergelle district (Central zone), Kola Temben district (Central 
zone) and Seharti Samre district, Southeast zone of Tigray regional 
state, respectively. They are representing the dry low land moisture 
stress areas of Abergelle Agricultural Research Center, Northern 
Ethiopia.  

The distribution of rainfall at the mandate area is erratic and 
variable, which results in strong variation in crop yields. The rainfall 
distribution is unimodal, concentrated during the summer (July to 
August)  leading   to  one  cropping  season  per  year  (Belay et al.,  

*Corresponding author. E-mail: fantaye933@gmail.com. Tel: +251 912725888. 
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Table 1. Description of the study locations in 2015 main cropping season. 
 

 

Location  

Geographic position  Soil properties  T (°C)  RF 

Altitude Latitude (N) Longitude (E)  Texture pH  Max Min  mm 

Agbe 1450 13°37‟ 53‟‟ 39°01‟29‟‟  Sandy clay  7.33  36 19  450 

Dabanu 1510 13°46‟ 40‟‟ 38°59‟30‟‟  Sandy clay  7.53  33 16  515 

Finaruwa 1300 13°21‟ 08‟‟ 38°59‟54‟‟  Sandy clay  7.16  41 24  301 
 

Source: Abergelle Agricultural Research Center, 2015. 

 
 
 

Table 2. Description of genotypes used in the study. 
 

Genotype   Status  Sources  Color  Remark  

Humera-1  Released variety  HuARC White  Through selection  

Setit-1  Released variety HuARC White  Through selection  

Hirhir Advance line HuARC White  Collection  

Local Local check Abergelle area White Farmer cultivar  
 

Source: Humera Agricultural Research Center Annual report, 2015. 

 
 
 
2017). 
 
 
Experimental genotypes 
  
Four white seeded sesame genotypes (two selected, one advance 
line and one local check) were evaluated in three locations. 
Description of the plant materials is presented in Table 2.  
 
 
Experimental design and crop management 
 
The trial was carried out in randomized complete block design 
(RCBD) with three replications across locations employed with 
experimental plot size of 2 m x 5 m with 1m between plots and 1.5 
m between blocks keeping inter and intra row spacing of 40 and 10 
cm, respectively. Each plot had a total area of 10 m2 and total of 
five rows and 6m2 net plot areas with three harvestable rows. 

The experimental plots were ploughed two times (first time before 
sowing and secondly during sowing) to maintain fine seedbed 
suitable for crop establishment. Seed was manually drilled in the 
rows at a seed rate of 8 kg ha-1 and thinned after 25 days of 
sowing. Each experimental plot received the same rate of DAP (100 
kg/ha) and Urea (50 kg/ha) fertilizer and all field management 
practices were done equally and properly as per the 
recommendations to the dry lowland areas. 
 
 
Data collection 
 
The total seed yield harvested from the net plot area was weighed 
using a sensitive balance, adjusted to standard moisture level at 
10% and weighted to get the seed yield per plot in grams, which 
was converted to kg ha-1 for analysis.  
 
 
Data analysis 
 
Homogeneity of residual variances was tested prior to a combined 
analysis using Bartlett‟s test (Steel and Torrie, 1980). Analysis of 
variance for each environment, combined analysis of variance  over 

environments and GGE biplot analysis was computed using 
General Statistics (GenStat) 16th edition (2010). 
 
 
Separate and combined ANOVA 
 
As error variance were homogenous, seed yield continued to 
combined analysis of variance from the mean data of all 
environments to detect the presence of GEI and to partition the 
variation due to genotype, environment and GEI. The environments 
(locations) in the study were assumed as random effects and the 
genotype effects were treated as fixed. Moreover, mean 
comparison using Fisher‟s Least Significant Difference (LSD) was 
performed to explain the significant differences among means of 
genotypes and locations (environments). GenStat 16th edition 
(2010) statistical software was used for statistical analyses. The 
model employed in the analysis was;  
 

 
 
Where: 
Yijk is the observed mean of the ith genotype, (Gi) in the jth 
environment (Ej), in the kth block (Bk); μ is the overall mean; Gi is 
effect of the ith genotype; Ej is effect of the jth environment; Bk is 
block effect of the ith genotype in the jth environment; GEij is the 
interaction effects of the ith genotype and jth environment and εijk is 
the error term. Yield data was subjected to combined analysis of 
variance using GenStat 16th edition to examine the main effects of 
the environment (E) and genotypes (G) and their interactions (GEI) 
variances. 
 
 
GGE analysis  
 
The GGE biplot method is based on data visualization and proved 
to be helpful in: (i) detection of the genotype by environment 
interaction pattern, (ii) classification of mega environments, (iii) 
simultaneous selection of genotypes based on stability and mean 
yield, and (iv) characterization of testing environments based on 
their discriminating ability and representativeness. The GGE biplot 
analysis  was  built according to the formula described by Yan et al.  

Yijk = μ + Gi + Ej + Bk + GEij + εijk  
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Table 3. Mean seed yield (kg ha-1) of four sesame genotypes evaluated 
in three environments at Abergelle Agricultural Research Center 
mandate areas during 2015 cropping season. 
 

 

Genotypes 

Environments  

GM Agbe Dabanu Finaruwa 

Hirhir 242.0
b
 522.0

c
 430.7

ab
 398.2

c
 

Humera-1 355.2
a
 734.0

a
 506.7

a
 532.1

a
 

Local 212.0
c
 522.3

c
 348.7

b
 362.1

c
 

Setit-1 245.3
b
 646.7

b
 489.7

a
 460.6

b
 

EM 263.8 606.2 443.9 438.0 

LSD (5%) 18 45 105 60 

CV (%) 3.4 3.7 11.9 8.1 
 

Where: GM=Genotypic means, EM=Environment means; LSD = least 
significance difference, CV (%) = Coefficient of variation in percent and 
values with the same letters in a column are not significantly different at P≤ 
0.05. 

 
 
 

Table 4. Combined analysis of variance for four sesame genotypes across three 
environments. 
 

Source DF SS MS % explained 

Replications within Environment 6 9861 1643 - 

Environment (E)  2 704474 352237** 79.84 

Genotype (G) 3 151892 50631** 17.21 

GxE Interaction  6 26042 4340** 2.95 

Error 24 29951 1248 - 
 
**
= significant at P≤ 0.01, DF = degree of freedom, SS = sum of squares, MS = mean squares. 

 
 
 
(2000), Yan and Hunt (2001) and Yan (2002) as: 
 

 
 

where Yij measured mean yield of the ith genotype i(=1,2,….,n) and 
jth environment j(=1,2…,m), μ is the grand mean, βj is the main 
effect of environment j, μ + βj being the mean yield across all 
genotypes in environment j, λ1 and λ2 are the singular values (SV) 
for the first and second principal component (PC1 and PC2), 
respectively, ξi1 and ξi2 are eigenvectors of genotype I for PC1 and 
PC2, respectively, ŋ1j and ŋ2j are eigenvectors of environment j for 
PC1 and PC2, respectively and  εij is the residual in the residual 
error term. The analysis was performed using Genstat software 
16th edition. 

 
 

RESULTS AND DISCUSSION 
 

Combined analysis of variances  
 
Homogeneity of error variances from the results of the 
Bartlett test detected that, the mean square for seed yield 
of sesame genotypes across locations were homogenous 
(Table 3). The combined data across locations indicated 
that seed yield was highly significantly (p<0.01) 
influenced by  environment  accounted  for 79.84% of the  

total variation while, G and GEI explained 17.21% and 
2.95% of the variation, respectively.  

The magnitude of the environment was 4.6 times 
greater than the genotype, implying that most of the 
variation in seed yield was due to the environment. This 
indicated that the large influence of environment causing 
most of the variation in yield performance of sesame 
genotypes across all locations while the contribution of 
GEI to the total variation showed minimal role. Similar 
result was reported on sesame by Mekonnen et al. 
(2015), Mohammed (2015) and Yirga (2016) (Table 4). 
 
 
GGE biplot analysis  
 

The larger GEI relative to G confirms the possible of 
existence of different mega environments, thus, the 
current seed yield data was subjected to GGE biplot 
analysis. According to Gollob (1968), F-test of the two 
principal components (PC1 and PC2) of GGE biplot was 
significant (P≤ 0.01). The result was in line with the 
previous works of Zobel et al. (1988) and Gauch (2006), 
which explain much of the variation in the first two 
principal components for  mean  yield  and  stability of the  

𝑌𝑖𝑗 − 𝜇 − 𝛽𝑗 = 𝜆1𝜉𝑖1𝜂𝑗1 + 𝜆2𝜉𝑖2𝜂𝑗2 + 𝜀𝑖𝑗 
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Figure 1. Polygon view of GGE biplot graph for which-won-where pattern of four 
sesame genotypes across three environments. 

 
 
 
GGE.  

Therefore, the GGE biplot was constructed using the 
first two principal components (PC1 and PC2) derived 
from yield data and subjected to environment effects 
(Yan et al., 2000; Yan and Tinker 2006). The partitioning 
of the GGE through site regression model revealed that 
PC1 and PC2 accounted for 90.88 and 5.93% of GGE 
sum squares, respectively and totally explained 96.81% 
of the variation (Figure 1). Genotype with large PC1 
scores (high mean yield) and near zero PC2 scores (high 
stability) is considered as high yielder and stable.  
Accordingly, Humera-1 with the highest mean seed yield 
and stability across variable environments was 
considered as the most desirable and stable ones. 
 
 
'Which-Won-Where' pattern and mega-environment 
identification 
 
The 'which-won-where' pattern (Figure 1) revealed that 
the testing locations (Agbe, Dabanu and Finaruwa) fall 
into the same mega environment with winning genotype 
Humera-1. GGE biplot is an effective tool for: 1) mega-
environment analysis (for example, “which-won-where” 
pattern), where by specific genotypes can be 
recommended to specific mega-environments, 2) 
genotype evaluation (the mean performance and 
stability), and 3) environmental evaluation (the power to 
discriminate among genotypes in target environments). 
The equality lines divide the biplot  into  sectors,  and  the 

winning genotype for each sector is the one located on 
the respective vertex (Yan et al., 2007).  

Humera-1 was vertex, thus, was the best genotype for 
the three environments with mean seed yield of 532.1 kg 
ha-1 (Table 3). This pattern suggested that Humera-1 
would be selected for proper exploitation of resources in 
the three environments. On the contrary, the result 
showed genotypes (Setit-1, Hirhir and local) which fall in 
sectors where there were no locations at all; these 
genotypes are poorly adapted to three of the testing 
environments. 
 
 
Mean seed yield and stability of genotypes 
 
Average tester coordinate (ATC) separates genotypes 
with above average mean from below average means as 
shown in Figure 2. The genotypes that yielded higher 
than the grand mean were Humera-1 (532.1 kg/ha) and 
Setit-1 (460.6 kg/ha) (Table 3) while genotypes Hirhir 
(398.2 kg/ha) and local (361.0 kg/ha) had mean seed 
yield lower than the grand mean (438 kg/ha). Thus, the 
best genotype can be defined as the one with the highest 
yield and stability across environments. The most stable 
genotype was Humera-1 because it showed the shortest 
distance from the average environment abscissa.  

Hirhir and local had a large contribution to the genotype 
by environment interaction; they were unstable across 
environments. Considering simultaneously yield and 
stability, Humera-1 showed the  best performance (Figure  
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Figure 2. The mean performance and stability view of the GGE biplot with 
scaling focused on genotypes across environments. 

 
 
 
2), suggesting it‟s adaptation to a wide range of 
environments (Annicchiarico and Perenzin, 1997). This 
result is in agreement with the previous findings of Yirga 
(2017) in sesame and Farshadfar et al. (2012), Mohamed 
and Ahmed (2013), Muez et al. (2015) and Dejene (2016) 
in wheat.  
 
 
Evaluation of genotypes based on the ideal genotype 
 
The ideal genotype is located in the first concentric circle  
in the biplot as indicated in Figure 3. An ideal genotype 
should have both high mean yield performance and 
stable across locations. From this study, Humera-1 was 
the “ideal” genotype with the highest mean seed yield 
and stable across environments. Thus, Humera-1 is 
considered as the most stable across variable 
environments. 

Starting from the middle, concentric circle pointed with 
arrow was drawn to help visualize the distance between 
genotypes and the ideal genotype (Yan and Tinker, 
2006). Genotypes closer to the ideal genotype were the 
stable ones, while genotypes far from the ideal genotypes 
were the unstable. Setit-1 was plotted close to the ideal 
genotype considered as desirable genotype, while Hirhir 
and local were low yielding genotypes associated with 
genotypic instability (Figure 3). Therefore, desirable 
genotypes are those nearest to the ideal genotype (the 
center of concentric circle). Similar result was reported by 

Farshadfar et al. (2012), Mitrovic et al. (2012) and Yirga 
(2016) on sesame and Muez et al. (2015) in bread wheat. 
 
 
Evaluation of environments based on the ideal 
environment 
 
Similarly to the ideal genotype, the ideal environment is 
located in the first concentric circle in the environment-
focused biplot as shown Figure 4. Desirable 
environments are close to the ideal environment. 
Accordingly, nearest to the first concentric circle, the 
environment Dabanu was the ideal environment to select 
widely adapted sesame genotypes, whereas, Agbe and 
Finaruwa were far from the ideal environment and 
considered as unstable. This result was in line with Yan 
et al. (2000), Yan and Rajcan (2002), Yan et al. (2007), 
Fiseha et al. (2015) and Yirga (2016) in sesame and 
Muez et al. (2015) in bread wheat. 
 
 
Relationship among test environments 
 
The discriminating power of environments, together with 
the representation of their mutual relationships, can be 
obtained by the environment-vector view of the GGE-
biplot (Figure 5). 

Furthermore, the cosine of an angle between vectors of 
two environments  approximates the correlation  between  
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Figure 3. GGE-biplot showing the “ideal” genotype. 

 
 
 

 
 

Figure 4. GGE-biplot showing the “ideal” environment. 

 
 
 
them; a wide obtuse angle indicates a strong negative 
correlation, while the angle between two vectors is less 
than 90° which indicates positive correlation or close 
relationship (Yan and Tinker, 2006). Considering the 

angles between environmental vectors, yield results in 
Agbe and Dabanu were strongly correlated (Figure 5). 
The presence of close associations between testing 
environments   imply   that  similar  information  could   be  
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Figure 5. GGE biplot showing mean seed yield and stability of four sesame 
genotypes across three environments. 

 
 
 
obtained from them. 
 
 

Discriminating ability and representativeness of 
environments 
 

The GGE biplot shown in Figure 5 revealed the 
discriminating ability and representativeness of test 
environments. In this case, a long environmental vector 
reflects a high capacity to discriminate the genotypes. 
Therefore, environment Dabanu with the longest vector 
from the origin was the most discriminating environment. 
Finaruwa was moderately discriminating while Agbe was 
least discriminating environment.  
 
 

Conclusions 
 

The combined analysis of variance result showed that 
sesame genotypes evaluated in the study were 
significantly (p<0.01) influenced by environment, 
genotype and genotype x environment interaction (GEI). 
The total sum of square explained by the environment 
was 79.84% followed by genotype 17.21%, while the 
genotype x environment interaction explained least 
2.95%. The magnitude of the environment was 4.6 times 
greater than the genotype, implying that most of the 
variation in seed yield was due to the environment.  

The genotype main effect plus genotype x environment 
interaction (GGE) biplot was applied to analyze and 
visualize pattern of  the  interaction  component. The  first 

two principal components for seed yield stability of the 
GGE biplot analysis explained 96.81% of the total 
variation caused by G+GE of PC1 and PC2 which were 
accounted for 90.88 and 5.93% sum of squares, 
respectively, while 3.19% was attributed to noise. The 
GGE biplot analysis examined the nature of GE for 
sesame seed yield in addition to identifying best sesame 
genotype for tested location (Dabanu) and determine the 
ideal of the tested locations for future sesame breeding 
activities.  

Humera-1 was close to the ideal genotype and can 
thus be used as benchmarks for the evaluation of sesame 
genotypes in the region. Considering simultaneously, 
mean yield and stability Humera-1 followed by Setit-1 
was the best genotypes while the most unstable 
genotypes with poor performance across locations were 
Hirhir and local.  

Generally, GGE (genotype plus, genotype by 
environment interaction) biplot analysis indicate that 
Humera-1 was considered as the most desirable and 
stable one‟s, therefore can be recommended for wider 
cultivation due to better seed yield and stability 
performance across the test environments in the dry 
lowland areas of Southeast and Central zones of Tigray 
region, Northern Ethiopia. 
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