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Genetic diversity in different accessions of oat (Avena sativa L.)

1 1 2T. Savova *, B. Dyulgerova , G. Panayotova

1Institut of Agriculture, 8400 Karnobat, Bulgaria 
2Institut of Agriculture and Seed Science “Obraztsov chiflik”, 7000 Rousse, Bulgaria

Abstract. The objective of this study was to study genetic diversity among winter oat accessions by using multivariate analyses: hierarchical cluster and 
principal component (PC) analyses. The study was conducted in the Institute of Agriculture, Karnobat, during the period 2005 – 2011. Oat germplasm 
consisting of 25 genotypes was evaluated for length of vegetation period, winter resistance, lodging resistance, plant height, length of panicle, number of 
spikelets and grain in 1 panicle, grain weight per panicle,1000-grain weight. The Dunav 1 variety was used for comparison as a standard for winter oats. 

 parents with characters In 
the direction of early ripening the accessions: РА 7606-51, РА 7307-70 and NC 79-43; low stem: РА 7409-151, РА 7915-1342, РА 8019-1; lodging resistance: 
РА 7507-14, РА 7219-19, РА 7617-3460 may be included as suitable sources. The best combination of agronomically valuable traits was established for 
accessions: РА 7617-3658, РА 8014-1356 and РА 7603-7. Panicle length, number of spikelets and grain in the panicle, weight of grain in one panicle and 
1000-grain weight were the important traits in differentiating the genotypes.

There 
was a significant genetic diversity among the studied accessions, which allows selection of appropriate  important for oat breeding. 

Keywords: oats, accessions, genetic diversity, breeding
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Introduction to determine plant height (cm), length of panicle (cm), number of 
spikelets and grain in 1 panicle, grain weight per panicle (g) and 
1000-grain weight (g). The Dunav 1 variety was used for comparison The expanding knowledge on the biological nature of traits and 
as a standard for winter oats. the increasing difficulty of the tasks which breeding faces, lead to 

Two multivariate analyses – principal component (PC) and constant change in the requirements for source material (Gubatova 
cluster analyses were utilized. Principal component analysis was et al., 1991; Panajotova and Мincheva, 2003). The success in oat 
obtained by SPSS 12.00 for Windows (SPSS Inc., 2007). The cluster breeding is connected with the skillful use of the global plant 
analysis was performed using the program Statistica (StatSoft Inc., resources, which are an inexhaustible source of genetic diversity 
2004) that adopts Euclidian distance as a measure of dissimilarity and subject to a number of studies (Kаlikauskas and Sprainaitiene, 
and the Ward's method as the clustering algorithm (Ward, 1961) 2002; Loscutov, 2004). Enriching the existing gene pool with newly 
using the newly created variables after standardizing. Mean values created varieties distributed worldwide is a constant process, which 
of variables were used in the cluster and principal component is connected with preliminary research on the assortment and 
analysis.selection of parental forms which possess valuable biological and 

economic characteristics (Panajotova et al., 2005; Savova et al., 
2005). 

There is a collection of over 500 accessions of winter oats at the Results and discussion 
Institute of Agriculture, Karnobat. As a result of the evaluation of this 
germplasm accessions were grouped in specialized collections that Climatic conditions in the period 2005 – 2011 were typical for 
are the basis for development of breeding directions in this crop the region of Southeast Bulgaria. For the main part of the period the 
(Savova, 2008; Popova and Savova, 2009).  autumn was dry and long, the winter – snowless, the spring – short, 

The aim of this study was to evaluate the genetic diversity in a and the summer – dry. 
collection of wintering oat and to determine suitable genotypes to The mean values displayed different levels of diversity in the 
include in the breeding work on oats. studied accessions (Table 1). As for the length of vegetation period, 

the variability of accessions ranged from 212 to 240 days, with 
dominance of the early ripening standard genotypes (79%). Due to 

Material and methods the existing negative correlation between the length of vegetation 
and productivity, a breeding value was placed on the accessions of 
the medium early ecotype, with panicle emergence 5 – 8 days earlier The study was carried out in the period 2005 – 2011 in the 
than the standard. About 67% of the studied accessions belong to experimental field of the Institute of Agriculture, Karnobat. Subject of 
this group, which is a good base for selection of suitable parental study were 25 accessions of winter oats, originating in 

2 forms with the given trait. Similar variability was also seen in relation Pennsylvania, USA. The field trial was shown on plots of 2 m  in three 
to the trait of plant height. The difference between the highest and replications. During vegetation were recorded the length of 
the lowest accessions was 57 cm, which allows parental selection of vegetation period (days), winter resistance (9 – 1 scale) and degree 
various trait parameters. Against the background of the available of lodging resistance (9 – 1 scale). Biometric analysis was performed 
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diversity, the accessions with height from 90 to 110 cm are of hardiness. A significant diversity was also found in relation to the 
particular value for the breeding program. Their total share was lodging resistance. The score varied from 4 to 8, with 7 for standard. 
about 54%, which gave the opportunity to choose source forms with At and above the standard level were 50% of the accessions, which 
height corresponding to the variety ideal. During the years of this provided suitable donors for this significant oat trait. The studied 
experiment the accessions displayed from good to very good winter accessions displayed significant diversity in relation to the panicle 
hardiness (7 – 9). The existence of accessions with high resistance morphology. The panicle elements varied within a wide range and 
to the extreme winter conditions in the region was a good genetic displayed the individual genotypes in their varietal specificity. The 
base to increase the level of breeding in the direction of winter panicle length varied from 16.5 to 33.5 cm, with 25.2 cm for standard, 

Таble 1. Mean values of studied traits in oat accessions 

Accessions
Vegetation 

period, days

Winter 
hardiness, 

9-1

Panicle 
length, cm

Number of 
spikelets per 

1 panicle

Number of 
grains per 
1 panicle

Grain weight 
per 1 

panicle, g 

1000 grain 
weight, g

Plant height,
cm

Lodging, 
9-1

PA 7617-3658

PA 8014-1356

PA 7606-51

PA 7507-8

PA 8014-608

PA 8014-1210

PA 7617-3460

PA 7307-70

PA 7518-1729

PA 7603-7

PA 7219-19

PA 7507-136

PA 8019-1

PA 7307-13

PA 7409-151

PA 7408-15

PA 7915-1342

PA 7616-916

PA 8014-840

PA 7507-14

PA 7307-87

PA 7507-34

СІ 4051

NC 79-43

Dunav-1

230

229

219

227

231

235

230

223

231

232

237

233

234

230

228

236

225

228

227

229

227

240

231

223

234

9.0

9.0

8.5

9.0

7.0

9.0

9.0

9.0

9.0

9.0

8.0

9.0

9.0

8.5

9.0

8.0

9.0

7.5

8.5

9.0

9.0

9.0

7.0

7.5

7.5

127

114

108

99

88

94

126

104

100

110

134

93

87

100

77

100

87

100

94

92

104

102

115

105

110

6.0

6.0

6.0

7.5

6.0

7.5

8.0

7.0

6.0

6.5

8.0

7.0

6.0

7.0

7.0

7.0

5.0

6.0

7.5

8.0

5.0

5.0

4.0

4.0

7.0

30.0

24.8

18.0

16.5

16.8

25.9

18.4

18.6

17.1

27.2

25.1

16.8

20.7

23.6

19.9

20.4

20.9

18.2

17.3

20.2

21.0

20.2

33.5

20.9

25.2

69.4

55.3

26.8

57.1

27.8

52.3

32.4

40.9

43.3

50.9

41.8

26.7

66.7

58.7

39.7

58

41.3

43.9

20.1

74.9

63.0

55.5

96.6

61.7

49.5

123.0

130.7

55.2

96.0

53.7

31.0

64.6

69.1

70.3

94.7

78.4

43.3

98.5

94.7

63.4

91.8

83.3

72.6

49.3

123.3

142.3

88.7

170.0

100.7

87.2

4.62

4.10

1.97

3.00

2.08

2.85

2.45

2.60

1.95

3.38

3.38

1.43

3.02

2.66

1.84

2.76

3.05

1.97

1.69

3.67

5.35

2.73

4.68

2.79

2.88

23.5

24.2

34.0

26.9

36.1

30.5

35.0

30.0

30.9

25.0

32.1

36.4

32.2

20.4

29.0

26.7

33.0

28.2

32.6

26.4

37.6

30.8

19.4

25.4

28.8

Тable 2. Eigenvalues and % of variance by principal 
component in oat accessions

Principal
component

PC1

PC2

PC3

PC4

PC5

PC6

PC7

PC8

PC9

Eigenvalues

3.497

1.582

1.163

.999

.676

.490

,307

.202

.084

38.856

17.573

12.922

11.102

7.510

5.442

3.408

2.249

.938

38.856

56.429

69.351

80.453

87.964

93.406

96.813

99.062

100.000

% of variance Cumulative, %

Тable 3. Results from principal component analysis of oat
accessions

Vegetation period

Winter hardiness

Plant height

Lodging

Panicle length

Number of spikelets per 1 panicle

Number of grains per 1 panicle

Grain weight per 1 panicle

1000 grain weight

PC1Traits PC2 PC3

0.365

0.176

-0.343

0.395

-0.754

0.817

0.897

0.871

-0.509

-0.677

0.313

0.417

0.594

-0.185

0.347

0.009

-0.037

0.586

0.419

0.839

-0.354

-0.010

0.125

0.087

-0.053

-0.240

0.272
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the number of spikelets and grains in panicle was 26.7 – 96.6 and 
31.0 – 170.0, respectively, with 49.5 and 87.2 for the standard Dunav 
1. The variability in grain weight of one panicle was related to the 
variability of the number of grain and spikelets in panicle (r=0, 791**). 
As for the studied accessions the panicle productivity ranged within 
1.43 – 5.35 g, with 2.88 g for standard. Some 42% of the accessions 
distinguished with better panicle productivity from the standard. In 
58% of them the grain had 1000 grain weight above the standard, 
and in 20% – over 3.5 g, which is a very good base to develop in 
direction of productivity.   

On the grounds of the studied traits a factor analysis was 
performed by the principal component method (Table 2). Three 
eigenvalues were found to be greater than 1, which determined the 
selection of 3 factors responsible for the observed variability. These 
three factors determined about 69% of the total variability. The first 
factor accounted for 38.86% of the variability, the second – 17.57% 
and the third – 12.92%. 

The first factor was mainly connected to the traits: length of 
panicle, number of spikelets and grains in 1 panicle and grain weight 
per panicle (Table 3). The second factor was formed by the traits: 
length of vegetation period, lodging resistance and 1000-grain 
weight. The third factor only correlated to the winter hardiness trait.

Figure 1 shows the accessions by their values of the first (РС ) 1

and the second factor (РС ). Accessions РА 7617-3460, РА 8014-2 most remote ones in the group are СІ 4051 and NC 79-43. They have 
1210, РА 7507-8 and РА 7307-70 have negative values by РС  and 1 positive values by РС .2
positive by РС . Their position by РС is determined by the shorter 2 1 The hierarchical cluster analysis made on the tested 
panicle, and by РС – by the higher 1000-grain weight. In the sector 2 accessions is presented in Figure 2. According to the dendogram, 
with РС positive values and РС  negative values beside the 1 2 the accessions are distributed in 5 main clusters. The first cluster 
standard Dunav 1 are also the accessions РА 7507-14, РА 8019-1, includes 4 accessions, with the first union being made by genotypes 
РА 7507-34 and РА 7307-87. Their position by РС is determined by 1 РА 73075 and РА 75075, which formed a comparatively low stem 
the high number of spikelets and grain in the panicle, and their РС (102 – 104 cm), short panicles and average productivity of the 2 

negative values are related to the longer vegetation period.  The panicle (2.60 – 2.73 g). The third genotype, which joins the group is 

Figure 1. Projection of oat accessions on PC  1

and PC2
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Figure 2. Cluster diagram of oat accessions
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РА 80145, and exhibits low stem, poor logging resistance, short and be successfully used as parent components to create source 
weakly grained panicle. The fourth accession in the cluster is РА material for the breeding of winter oat.  
76061, which forms short, weakly grained and low-weight panicles. 
The common trait for all accessions in the cluster is the high 1000-
grain weight. The second cluster joins 2 genotypes, which are References
characterized by shorter vegetation period than the standard, lower 
stem and shorter panicle. The third cluster is formed by 5 Gubatova G and Kozlenko LV, 1991. Oat accessions in 
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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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