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Genetics and Breeding

Genotype by environment interaction in mutant lines of winter barley for grain yield

B. Dyulgerova*, N. Dyulgerov

Institute of Agriculture, 8400 Karnobat, Bulgaria

(Manuscript received 30 October 2015; accepted for publication 8 February 2016)

Abstract. The study was conducted to analyze grain yield performances of  twenty eight mutant barley lines, two new feed barley varieties and two check 
varieties, between 2011 – 2014 growing seasons. The experimental layout was randomized complete block design with four replications. Additive main effects 
and multiplicative interactions analysis (AMMI) revealed that the yield performances of genotypes were under the main environmental effects of genotype by 
interactions. The first two interaction principal component axes (IPCA 1 and IPCA 2) were significant and cumulatively contributed to 89.84% of the total 
genotype by environmental interaction. Вoth the GGE and AMMI1 biplots identified G9 as the highest yielding mutant line among the studied genotypes 
showing relative stability and can be recommended for further evaluation for variety release. In addition, G30 and G26 had high stability with high grain yield 
and they were identified to be a valuable source for yield improvement in winter barley breeding programs.

Keywords: barley, AMMI analysis, GGE analysis, yield, stability, mutant

Abbreviations: AMMI – additive main effects and multiplicative interactions analysis; IPCA – interaction principal component axis; PCA – principal 
component axis; GEI – genotype x environment interaction
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Introduction the magnitude of genotype environment interaction in four-year 
grain yield in winter barley genotypes and determine the adaptation 
of mutant lines of winter barley.The development of varieties, which can be adapted to a wide 

range of diversified environments, is the ultimate goal of plant 
breeders in barley improvement programs (Voltas et al., 2009; 

Material and methodsVulchev et al., 2009; Valcheva et al., 2013). The adaptability of a 
variety over diverse environments is usually tested by the degree of 
its interaction with different environments under which it is planted. A This research was conducted during four growing seasons – 
variety or genotype is considered to be more adaptive or stable one if 2011 – 2014 in the experimental field of the Institute of Agriculture, 
it has a high mean yield, but a low degree of fluctuations in yielding Karnobat. The experimental area is located in Southeastern 
ability when grown over diverse environments (Arshad et al., 2003). Bulgaria. The climate is transitional continental, with long and 

Combined analysis of variance can quantify genetype by relatively cool spring, dry and hot summer, long and wet autumn, and 
environment interactions and describe the main effects, but does not little snow in winter, with large variations of temperature. Average 
explain the interaction effect (Kaya et al., 2002; Asnake et al., 2013). temperature and precipitation during the experimental period is 
AMMI model and GGE biplot analysis are the most commonly used shown on Figure 1 and 2. The soil of experimental field is leached 
analytical and statistical tools to determine the pattern of genotypic chernozem-smolniza, slightly acid (pH 6.2). The experiments were 
responses across environments (Gauch and Zobel, 1996; Yan et organized in a Randomized Complete Block Design with 4 

2al.,2000; Kaya et al., 2002). replications on plots of 10 m . The plot yield was converted to kg/ha. 
Mutation breeding is one of the important techniques to induce Standard agronomic and plant protection practices were used. 

variation and had significantly contributed in developing superior Twenty eight advanced mutant lines (from G5 to G32) of 
crop varieties of many crops. Those released mutant varieties of mutation breeding program of the Institute of Agriculture, Karnobat 
different crops had a great economic impact on agriculture and food were studied along with national checks Vesletc (G1) and Izgrev 
productions (Ahloowali et al., 2004). Mutation breeding has already (G2) and two new varieties of feed barley IZ Bori (G3) and Bozhin 
led to improved barley cultivars with higher yield and is part of the (G4).
winter barley breeding program at the Institute of Agriculture – AMMI and GGE biplots were constructed using Genstat 12.0 
Karnobat (Vulchev and Dyulgerova, 2011; Dyulgerova and Vulchev, (Genstat, 2009). AMMI analysis was based on the model by Gauch 
2012). (2006) and GGE was based on the model for two Principal 

The objectives of this study are to: evaluate the grain yield of Components according to Yan and Kang (2003).
mutant lines of winter barley under different environments, examine 

* e-mail: bdyulgerova@abv.bg
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Figure 1. Temperature dates, °C of 2011 – 2014 years
and long-term average (1931 – 2014) in Karnobat
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(IPCA 2) accounted for 17.88% of the variability of the GEI sum of Results and discussion
squares. The first two IPCA axes jointly accounted for 89.84% of the 
GE interaction sum of squares. In addition, the AMMI analysis The mean yields of the 32 genotypes grown in four seasons 
selected best genotypes in each environment (Table 3). In two were presented in Table 1. Mean yields of mutant lines ranged from 
growing seasons (2010−11 and 2011−12) mutant line G9 was 6038 kg/ha for G14 to 7621 kg/ha for G9. The highest yields were 
selected as best genotype by AMMI. In 2012−13 season was recorded in 2012-13 growing season followed by 2010-11 growing 
selected line G23 and in 2013−14 season – line G5.season with mean yields of 6951 and 6916 kg/ha, respectively. 

In Figure 3, the IPCA1 scores for both the genotypes and Among the varieties highest yield showed Bozhin. Fifteen of the 
environments were plotted against the grain yield for the genotypes mutant lines (54%) had above the mean yield of high-yielding 
and the environments. In the biplot, the broken vertical line passing variety. Grain yield of advanced mutant lines G5, G9, G11, G26 and 
through the center of the biplot was the grand mean (6560 kg/ha) of G30 was higher than those of high-yielding variety (Bozhin in 
the experiment, and the broken horizontal line passed through at the 2010−11, 2011−12 and 2013−14; IZ Bori in 2012−13) in all growing 
IPCA1 axis score = 0. The IPCA1 was highly significant and seasons in this study. This result showed that mutation treatment 
explained the interaction pattern better than other interaction axis. was effective for generating genetic variation for high grain yield for 
The mean genotypes or environments in AMMI model 1 biplot the winter barley breeding program.
located on the same parallel line, relative to the ordinate, have The AMMI analysis of variance for grain yield (kg/ha) of 32 
similar yield, while those located on the right side of the center of the genotypes of winter barley tested in four growing seasons showed 
axis has higher yields than those on the left hand side. The genotype that 22.62% of the total sum of squares was attributable to 
with high mean performance and with large value of IPCA scores are environmental effects, 20.66% to genotypic effects, and 48.00% to G 
considered as having specific adaptability to the environments x E interaction as shown in Table 2. The analysis revealed that 
(Bantayehu, 2009).variances due to the environments, genotypes and G x E 

In the biplot, thirteen barley genotypes (G5, G9, G10, G11, G16, interactions were highly significant (P<0.01). 
G22, G23, G24, G25, G26, G27, G30, G32) and two environments The large sum of squares for environments indicated that the 
(E1 and E3) located at the right side of the grand mean were environments were diverse, with differences among environmental 
considered as high yielding genotypes and environments while their means (Rodriguez et al., 2007; Bahrami et al., 2009). This might 
corresponding low yielding counterparts were located at the left side probably be due to differences in growing season rainfall, which has 
of the grand mean (Figure 3). The genotypes with PC1 scores close been known to have considerable impacts on barley grain yield. 
to zero expressed general adaptation whereas the larger scores Moreover, the highly significant GE interaction for grain yield 
depicted more specific adaptation to environments. Barley indicates that the studied genotypes exhibited both crossover and 
genotypes (G1, G4, G7, G15, G17, G18, G25, G26, G30, G15, G22) non-crossover types of GE interaction. Pham and Kang (1988) 
had IPCA score value closer to zero, and were classified as highly indicated that genotype x environment interactions minimize the 
stable whereas the IPCA scores of cultivars (G8, G13, G23, G28, usefulness of genotypes by confounding their yield performance. 
G29, G31) were comparatively large, and these group of barley The relative contributions of GE interaction effects for grain yield 
genotypes could be classified as less stable. found in this study are similar to those found in other barley 

Consequently, AMMI 1 model analysis of barley genotypes adaptation studies (Bantayehu, 2013; Dimova, 2015).
produced three categories of responses: most stable and high The GEI was partitioned into two interaction principal 
yielding genotypes G30 and G26,  less stable and high yielding component analysis axis (IPCA). IPCA 1 explained 71.96% of the 
genotypes, G9, G5 and G11, and  most stable and low yielding variability relating to GEI and the second principal component axis 
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and long-term average (1931 – 2014) in Karnobat
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Table 1. Grain yield (kg/ha) of 32 winter barley genotypes in four growing seasons (2010-11 – 2013-14) and the first two
Principal Components derived from AMMI analysis

Genotype 2010 – 11 2011 – 12 2012 –13 2013 – 14 Total IPC1 IPC2

G1

G2

G3

G4

G5

G6

G7

G8

G9

G10

G11

G12

G13

G14

G15

G16

G17

G18

G19

G20

G21

G22

G23

G24

G25

G26

G27

G28

G29

G30

G31

G32

Total

6450

6500

6812

6862

7275

7038

6312

6938

8362

7225

7338

6650

6812

6675

6688

6538

6762

6925

6762

6275

5988

6612

6288

6625

6662

7125

7812

6575

6875

7312

7900

8325

6916

5662

5738

5925

6862

6100

6175

6262

6012

7375

5925

6225

6525

5375

6450

5750

6425

5838

6350

7100

6600

6350

6225

6438

6325

6288

6862

6862

6900

6650

6925

7500

6850

6402

6475

6660

7222

6900

7348

7228

6642

7452

7565

7378

7368

7110

7468

6995

6445

6298

6648

6945

6812

7050

7110

6505

7748

7118

6795

7352

6340

5950

6272

7502

6470

7252

6951

5718

4305

5415

5945

7748

4382

6082

5362

7182

6980

7145

4490

4752

4030

7045

7518

5905

5368

4482

5772

5398

7235

6300

7470

6835

7155

5840

6730

6422

7040

3832

5275

5974

6076

5801

6344

6642

7118

6206

6325

6441

7621

6877

7019

6194

6102

6038

6482

6694

6288

6397

6289

6424

6211

6644

6693

6884

6645

7124

6714

6539

6555

7195

6426

6926

6560

3.537

-13.736

-4.899

-1.812

18.749

-18.692

5.326

-7.114

1.852

10.787

11.020

-16.877

-11.036

-21.576

17.476

21.250

3.111

-6.752

-18.816

-0.734

-2.997

17.849

3.683

18.126

11.881

9.491

-5.217

11.263

6.466

6.654

-31.562

-16.700

2.429

5.556

9.951

-5.194

6.010

7.441

-0.809

12.102

-7.778

9.146

5.317

3.672

19.880

2.968

-1.133

-10.012

1.784

0.936

-7.206

2.469

7.505

-4.870

14.304

3.260

-0.908

-0.462

-17.818

-19.622

-13.160

0.499

-20.867

-5.391

 

Table 2. AMMI analysis of variance for grain yield 

*** significant p < 0.001

Source df SS MS Variation explained %

Total

Genotypes

Environments

Interactions

IPCA1

IPCA2

Residuals

377.5

78.0

85.4

181.2

130.4

32.4

18.4

20.66

22.62

48.00

34.54

8.58

4.87

  0.739

  2.516***

28.456***

  1.949***

  3.951***

  1.044***

  0.636

511

31

3

93

33

31

29
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genotypes, G7, G17 and G18 (Figure 3). Ranking based on the 
genotype-focused scaling assumed that stability and mean yield 
were equally important (Yan, 2002). The best candidate genotypes 
were expected to have high mean grain yield with stable 
performance across all test locations. In practice, such genotypes 
are very rarely to be found. Therefore, high yielding and relatively identify the genotypes which were superior on their mean 
stable genotypes can be considered as references for genotype performance and stability. Вoth the GGE and AMMI1 biplots 
evaluation (Yan and Tinker, 2006). identified G9 as the highest yielding genotype showing relative 

In our study the partitioning of GGE through GGE biplot analysis stability. In addition, G29 and G30 were adjudged the most stable 
showed that PCA 1 and PCA 2 accounted for 62.87% and 20.61% of genotype though high yielding by both biplots. Moreover, variety 
GGE sum of squares for  barley grain yield, explaining a total of Bozhin (G4) which are among the most recently released 6-row feed 
83.47% variation as shown in Figure 4. The genotype-focused winter barley variety of the Institute of Agriculture, Karnobat was also 
comparison of genotypes revealed that mutant line G9 fell in the found to be stable for cultivation across seasons. Similarly, Mitrovic 
central circle indicating its high yield potential and relative stability et al. (2012), Hagos and Abay (2013) and Rad et al. (2013), 
compared to the rest of genotypes evaluated in this study. In suggested that both GGE and AMMI biplots were important for 
addition, G30 and G29 fell close to the ideal genotype, suggesting evaluating stable and adaptable genotypes.
that they were high yielding and stabile. 

The results from this study indicate that GE interaction is a 
significant source of variation for the barley grain yield. This Conclusion
observed pattern of GE interaction for grain yield of barley suggests 
that genotypes respond differently in different environments, hence 

The analysis of variance for the AMMI model of grain yield 
the need for biplot analysis which allows visual interpretation of GE 

showed that genotypes, environments, genotype x environment 
interaction and facil i tate genotype recommendations. 

interaction and AMMI components 1 and 2 were significant. It 
Subsequently, two types of biplots (AMMI1 and GGE) were used to 

showed that the GEI was an important source of variation for grain 
graphically display, interpret and explore important sources of 

yield of mutant lines and AMMI and GGE biplots were powerful 
variation, namely genotype main effect and GE interaction, to 

enough for visualizing the response patterns of genotypes. The 

Table 3. AMMI selections of genotypes per environment

№

1

2

3

4

E1

E2

E3

E4

6979

6402

6953

5974

 

-23.96

-23.12

-18.22

 65.3

G9

G9

G23

G5

G31

G31

G8

G16

G32

G27

G9

G24

G27

G32

G13

G22

Environment Mean (kg/ha) Score
1 2 3 4

First four AMMI selections

40

30

G9

E1E2
E3

G1

G2

G3
G4

G5

G6

G7

G8

G32

G10G11

G12

G13

G14

G15
G16

G17

G18

G19

G20
G21

G22

G23

G24

G25
G26

G27

G28
G29 G30

20
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Figure 3. AMMI1 biplot for grain yield (kg/ha) of 32 
genotypes of winter barley grown during 2011 – 2014
growing seasons
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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