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Evaluation of Bulgarian winter common wheat varieties of yield stability in South Bulgaria

1 1 2Z. Uhr *, G. Rachovska , G. Delchev

1Instute of Plant Genetic Resources, 4122 Sadovo, Bulgaria
2Department of Plant Production, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The study was conducted  during  the period 2009–2011 at three locations of South  Bulgaria with different agro-climatic conditions – Instute of Plant 
Genetic Resources Sadovo, the Experimental Stations in  Sredets and Ivaylo. Were tested 21 prospective winter common wheat varieties breeded in IPGR 

2Sadovo and DZI General Toshevo, using  block dising with four replication and 10 m  plot size. The aim of the study was to determine the productivity , yield 
stability  and genetic distance of the main Bulgarian varieties of common winter wheat in relation with their use while breeding and growing them in South 

2 2Bulgaria . The resulting values for the parameters σi and Si  identified the varieties Slaveya, Karina , Yunak and Boryana as the most stable ones, showing the 
least interaction with the environment . The indicator for the yield and stability Ysi defined as the most valuable the varieties Geya1, Yunak , Boryana, Boliarka , 
Kristi, Iveta , Albena and Diamant regarding their selection. At the same time the most stable regarding all tested parameters are both varieties Yunak and 
Boryana.

Keywords: winter common wheat, yield stability, cluster analysis
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Introduction
2 2σi  and Si  (Shukla, 1972), ecovalence Wi (Wricke, 1962) and the 

summary indicator Ysi (Kang, 1993) were calculated.  For the 
calculation of these parameters was used the program STABLE of Yield stability of common winter wheat is an important  
Luisiana State University Agriculture Center, USA (1993).parameter in practical and theoretical aspects. It is difined as 

Statistical evaluation and characterization of representative-adaptation of the genetic materials to the unpredictable and 
ness and significance of the influence of grain yield were made by unsustainable agro-meteorological conditions and is used for 
using analysis of variance ANOVA 123 (Lidanski, 1988). Cluster selection of stable genotypes which are not influenced by changes in 
analysis was applied to the average data from 3-year experimental the environment (Allard and Bradshaw, 1964). Due to climate 
period, using SPSS 9.0. The genetic distance was calculated by changes yield stability becomes prior to its value. Therefore stability 
determining the Euclidean distance between two objects in the stands at the attention of many scientists (Rachovska et al., 2002; 
multidimensional space (Ward, 1963).Dimova et al., 2006; Tsenov et al., 2006; Price et al., 2006; Kostov et 

al., 2010; Rachovska et al., 2011). It was proven that agro-
meteorological conditions in South Bulgaria are less favorable than  
those in North Bulgaria and wheat varieties realize less productive Results and discussion
potential (Kostov et al., 2010).

Simultaneously testing and evaluation of yield and its stability in Data on the average yield from the three-year  study and  
perspective new varieties from the two breeding centers were not statistical processing are presented in Table 1. Geya1 variety ranks 
been carried out in conditions in South Bulgaria, which gave us the first by yield with 22.3% above the standard. It was bred in IPGR. The 
reason to conduct this experiment. difference with the standard for this variety is very significant (p = 

The aim of the study was to determine productivity, stability of 0.1%). Higher yields than Enola variety were reported also about 
yield and genetic distance of the main Bulgarian varieties of common Diamant, Yunak, Bolyarka, Iveta, Kristi, Albena, Boryana, Momchil 
winter wheat in connection with their use in breeding and growing and Sadovo 1varieties, considering the differences significant 
them in South Bulgaria. compared to the standard. This group includes varieties from IPGR-

Sadovo (Diamant Yunak, Boryana, Momchil and Sadovo1) as well 
as ones selected in DZI General Toshevo (Iveta, Bolyarka, Albena 
and Kristi).The analysis of the obtained data shows that varieties Material and methods
realize much of the potential for yield in South Bulgaria regardless 
the breeding center. Average grain yield under 5 t/ha was received The study was conducted  during  the period 2009 – 2011 at 
only from Slaveja and Pryaspa varieties.three locations of South  Bulgaria with different agro-climatic 

The conducted two-factor variance analysis, showing the conditions – Instute of Plant Genetic Resources (IPGR) Sadovo, the 
influence of the localities, genotypes and their interaction on yield, Experimental Stations in Sredets and Ivaylo. Were tested 21 
indicates that it is significant in all the factors i.e. there are significant prospective winter common wheat varieties breeded in IPGR and 
differences between the locations as well as between the genotypes Dobrudzha Agricultural Institute (DAI) General Toshevo, using block 

2 (Table 2). That  gives us the reason to analyze the stability of the dising with four replication and 10 m  plot size. To establish the 
tested varieties in South Bulgaria. stability of yield and breeding value of the varieties, stability variance 
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2 2 parameter  Ysi, which is a sign that it may not be  stable enough for According to the variance of stability (σi  u Si ) the most stable 
the conditions of the test locations in South Bulgaria. The most are Slaveya, Karina, Yunak and Boryana varietie which show less 
stable in all tested parameters are both Yunak and Boryana interaction with the environment. However, they are not the most 
varieties.high-yielded varieties (Table 3).

According to the dendrogram which shows the disposition of Very important information for the breeding value  of the 
varieties in clusters, depending on the relative distance between genotypes can be given by the parameter of Ysi Kang (1993) which 
them, they are  divided into two major groups of genotypes (Figure is used for simultaneous assessment by yield and stability, because 
1). The first group includes 12 wheat varieties and this fact shows it is based on the significance of the differences and the variance of 
that the yield and stability are not particularly different. In this cluster the environmental interaction (Table 4). As the most valuable for 
group to level 5 are formed 3 smaller sub-groups that incorporate the breeding in South  Bulgaria,  both with high and stable yield by 
most high-yielding and stable Kristi, Diamant, Albena, Iveta, Junak, parameter Ysi, is variety Geya 1 (19+), followed by Yunak (16+),  
Sadovo1, Momchil, Lazarka and Borjana varieties. Boliarka variety Boliarka (15+) and Boryana (15+). Similar results for the yield 
joins them at a higher level (about 9.5). Despite its lower productivity stability of wheat varieties, bred in Sadovo, were  received in our 
but due to the stability of yields Karina and Sadovo772 varieties are previous studies (Rachovska et al., 2011). With positive values are 
also included in the first cluster group. The second cluster group also Christi (13+), Iveta (12+), Albena (10+) Diamond (10+) Sadovo 
comprises 8 varieties (including standard Enola) which interacts 1 (6+) and Momchil (5+) varieties. It occurs that the new standard 
intensively with the conditions of the locations and shows relatively Enola variety does not show stability both for the variance and for the 

 

Table 1. Grain yield of common winter wheat varieties (t/ha)

Varieties Average Relative share, % Significant
2009 2010 2011

Boljarka

Slaveja

Aglika

Zlatiza

Lazarka

Iveta

Prjaspa

Kristi

Albena

Enola-st

Karina

Geya1

Pobeda

Petja

Ginness

Junak

Diamant

Sadovo 1

Sadovo 772

Momchil

Borjana

Mean 

Gd5% = 0.54083          GD1% = 0.73037         GD0.1% = 0.96033

6.357

4.828

5.346

5.133

5.519

6.209

4.301

5.995

5.923

4.562

5.493

5.932

4.819

5.400

5.111

6.04.5

5.90.8

5.92.3

5.46.9

5.85.5

5.68.0

5.51

5.547

4.607

5.229

5.230

5.119

5.068

4.681

5.405

5.643

5.062

4.397

5.762

5.208

4.693

4.901

4.730

5.347

4.943

4.496

5.114

4.985

5.056

5.605

5.255

5.473

5.354

5.870

6.246

5.165

6.185

5.801

5.361

5.569

6.639

4.998

5.021

5.861

6.089

6.099

5.854

6.080

5.706

6.158

5.733

5.8420

4.8975

5.3475

5.2341

5.5033

5.8410

4.7183

5.8358

5.7892

4.9941

5.1583

6.1100

5.0091

5.0383

5.2950

5.6216

5.7891

5.5725

5.3475

5.5583

5.6083

5.434

116.84

98.04

107.09

104.89

110.16

116.94

94.41

117.35

115.90

100

103.16

122.34

100.27

100.86

105.92

112.54

115.81

111.57

107.07

111.28

112.27+

++

++

++

++

+++

+

++

+

+

+

Years

Таble 2. Analisys of variance by yield (2009 – 2011)

Source of variation

Factor А-station

Factor В-varieties

А х В-interaction

Pooled error 

Total

2

20

40

693

755

9129422

    33946.76

    17459.82

      6064.92

1505.283 3.00872

1.585727

1.411752

76.59

  2.84

  2.94

5.597231

2.878822

18258843.2

    678935.181

    698392.905

  4202989.48

23839160.8

Fg SQ F Fcr. 2ή (%)2S
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Table 3. Stability parameters by  Shukla (1972)

N Varieties Yield-t/ha 2σi 2Si Wi

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Boljarka

Slaveja

Aglika

Zlatiza

Lazarka

Iveta

Prjaspa

Kristi

Albena

Enola-st

Karina

Geya1

Pobeda

Petja

Ginness

Junak

Diamant

Sadovo 1

Sadovo 772

Momchil

Borjana

5.8420

4.8975

5.3475

5.2341

5.5033

5.8410

4.7183

5.8358

5.7892

4.9941

5.1583

6.1100

5.0091

5.0383

5.2950

5.6216

5.7891

5.5725

5.3475

5.5583

5.6083

19218.22++

  1730.16 ns

18628.13++

21956.62++

31796.86++

29641.69++

  8042.57++

10850.06++

36265.59++

13360.22++

      86.24 ns

  5963.43+

  8163.88 ++

13637.25++

67591.78++

    787.88 ns

49421.59++

32375.12++

35514.77++

23018.57++

  3853.68 ns

29892.8++

  2436.03 ns

   -145.70 ns

  2823.342 ns

   -365.95 ns

22750.57++

  3043.03 ns

   -505.89 ns

  4861.55 ns

13335.++

      15.3961ns

    293.66 ns

16327.42++

  2480.67++

  9633.06+

  6027+

44963.88++

11308.65++

16203.81++

    996.65 ns

  2266.91 ns

  36743.64

  5098.584

  35675.86

  41698.85

  59504.99

  55605.16

  16521.05

  21601.26

  67591.27

  26143.46

  2123.876

  12758.78

  16740.55

  26644.74

124276.8

    7012.567

  91397.35

  60551.36

  66232.65

  43620.46

    8941.149

Table 4. Stability parameters by  Kang and Magari (1993)

Varieties Yield, t/ha Yield, ranking

Mean = 5.4594          LSD(p<0.05 )= 0.26037

Correction rank Coefficient of rank Stability variance Stability coefficient Index Ysi

Boljarka

Slaveja

Aglika

Zlatiza

Lazarka

Iveta

Prjaspa

Kristi

Albena

Enola-st

Karina

Geya1

Pobeda

Petja

Ginness

Junak

Diamant

Sadovo 1

Sadovo 772

Momchil

Borjana

5.8420

4.8975

5.3475

5.2341

5.5033

5.8410

4.7183

5.8358

5.7892

4.9941

5.1583

6.1100

5.0091

5.0383

5.2950

5.6216

5.7891

5.5725

5.3475

5.5583

5.6083

20

2

9

7

11

19

1

18

16

3

6

21

4

5

8

15

16

13

9

12

14

3

-3

-1

-1

1

2

-3

2

2

-2

-2

3

-2

-2

-1

1

2

1

-1

1

1

23

-1

8

6

12

20

-2

21

18

1

4

23

2

3

7

16

18

14

8

13

15

19218.22

  1730.159

18628.13

21956.62

31796.86

29641.69

  8042.573

10850.06

36265.59

13360.22

      86.24163

  5963.426

  8163.879

13637.25

67591.78

  2787.887

49421.59

32375.12

35514.77

23018.57

  3853.682

-8

0

-8

-8

-8

-8

-8

-8

-8

-8

0

-4

-8

-8

-8

0

-8

-8

-8

-8

0

15+

-1

0

-2

4

12+

-10

13+

10+

-7

4

19+

-6

-5

-1

16+

10+

6+

0

5+

15+
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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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