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Genetics and Breeding

Identification of promising genotypes for hybridization in spring barley
B. Dyulgerova*, D. Dimova, N. Dyulgerov
Institute of Agriculture, 8400 Karnobat, Bulgaria
Abstract. The objective of this study was to identify genetically divergent spring barley parents with desirable spike traits for hybridisation particularly for
Bulgarian feed barley breeding program. The study was conducted in the Institute of Agriculture, Karnobat, during the period 2011 – 2012. Barley germplasm
comprising of 27 genotypes was evaluated for seven quantitative traits through cluster and principal component analyses. Significant differences were
observed among the genotypes regarding all the traits studied. Genotype had most influence on spike length. Year and genotype X year interaction had most
strong impact on the grain weight per a spike. Principal component analysis indicated 74.5% of the total variation. Varieties AC Hawkeys, AC Roser and Creme
having positive values for principal component 1 and 2 were of considerable breeding interest because of their good combination for the studied traits. Cluster
analysis revealed that 29 accessions of spring barley were clustered into four main groups. The following crosses were recommended based on the genetic
divergence and mean performance of studied traits: genotypes from group I (CDC Sister, Manny, Trochu, Stander, Excel, MNbrite, Creme, Vivar) with
genotypes from group II (Malebo, AC Renger, Kakapo, AC Roser).

Keywords: spring barley, genetic divergence, parent selection

Introduction
Barley is one of the most important cereals in Bulgaria. Despite
the interest of farmers there is no spring feed barley varieties in the
Official variety list of the Republic of Bulgaria (Executive Agency for
Variety Testing, Field Inspection and Seed Control, 2013). Grain
yield is the most important economic trait in spring feed barley
breeding. Improvement of barley yield depends on the use of large
germplasm and best cultivars as a parent.
Genetic distance measures based on phenotypic characters
are one of the main multivariate techniques used to provide criteria
for choosing parents. Genetic distance between genotypes is a way
to predict the genetic variability among hybrid combinations (Bertan
et al., 2007). However, in addition to genetic distance studies, it is
also necessary that the genotypes selected for crosses possess
high individual performance for yield. When these requirements are
fulfilled, there is a high probability of selecting transgressive
genotypes due to the occurrence of heterosis and the action of
complementary dominant genes.
The grain yield is highly sensitive to environment than the
component characters. Therefore, Singh et al. (1997) emphasized
the need to base the selection for yield on yield components which
have a very strong association. Grain yield in barley can be
determined by three major components: the number of tillers per
plant or per unit area, the number of grains per spike, and single
grain weight (i.e.1000-grain weight). Tillering and so the number of
spikes per plant varies greatly with the environmental conditions, far
more so than some of the spike characteristics (Tapsell and Thomas,
1983). For this reason selection for yield especially in early
generations often is done on the basis of the spike traits as number
and weight of grains per spike.
This experiment was aimed at identifying genetically divergent

spring barley parents with desirable spike traits for hybridisation
particularly for Bulgarian feed barley breeding program.

Material and methods
This research was conducted in the 2011 and 2012 growing
seasons in the experimental field of the Institute of Agriculture,
Karnobat, Southeastern Bulgaria. The soil of experimental field was
slightly acid (pH 6.2) leached chernozemsmolniza. Long term
average precipitation for this region was 203.1 mm per growing
season. The amount of precipitation in the first year growing period
was lower (141.1 mm) than that in the second year (193.4 mm). The
experiments were organized in a Randomized Complete Block
Design with 3 replications. Each plot consisted of five 110 cm rows,
30 cm apart. Sowing was performed by hand in March. Standard
agronomic and plant protection practices were used.
The materials used in present study included 27 varieties of sixrowed spring barley – CDC Sister, AC Vision, AC Rosser, AC Renger,
AC Legend, AC Malpe, AC Hawkeyе, Diamond, Creme, Niska, Vivar,
Trochu, Mahigan, Manny, Tango, CN 17822 bred in deferent
locations in Canada, Mnbrite, Excel, Atlas, Hitchcock, Tango,
Tamaplais, Creel, Hеrаld, Stander from USA, Winston from
England, Malebo from Australia and Kakapo from New Zealand and
two genotypes – 4900,2 (resistance to BYDV) and Interspecific – H.
murinum/H. vulgare//H. Bulbosum (resistance to Pyrenophora
graminae, leaf and stem rust, powdery mildew, BYDV, root rot).
The traits spike length (cm), awn length (cm), spikelet number
per a spike, grain number per a spike, grain weight per a spike (g)
and 1000 grains weight (g) were measured in the laboratory on ten
plants sampled from the middle of the plot of each genotype in each
replication.

* e-mail: bdyulgerova@abv.bg
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The data were subjected to Analysis of Variance (ANOVA). Two
multivariate analyses – principal component and cluster analyses
were utilized. Principal component analysis and ANOVA were
obtained by SPSS 16.00 for Windows (SPSS Inc., 2007). The cluster
analysis was performed using the program Statistica 7.0 (StatSoft
Inc., 2004) that adopts Euclidean distance as a measure of
dissimilarity and the Ward's method as the clustering algorithm
(Ward, 1963) using the newly created variables after standardizing.
Mean values of variables, calculated based on measurements on
plants from replication and years for each genotype, were used in
the cluster and principal component analysis.

Results and discussion
Analysis of variance showed highly significant (P < 0.01)
differences for all the characters studied, suggesting the existence
of high genetic variability among the genotypes (Table 1). The
genotype effect was the dominant source of variation, followed by

Table 1. Partitioning of sum of squares (η2) for spike traits
in 29 spring barley genotypes

Traits

Genotype

Year Genotype x Year

Spike length
Awn length
Spikelet number per a spike
Grain number per a spike
Grain weight per a spike
1000 grains weight

89.07***
79.88***
81.57***
75.73***
62.30***
82.11***

0.53**
0.63***
0.44*
4.15***
8.00***
2.96***

10.40***
19.49***
17.99***
20.11***
29.70***
14.93***

the GEI and effect of year for all investigated traits. Genotype had
most influence on spike length. Year and genotype X year interaction
had most strong impact on the grain weight per a spike.
The mean values of the traits studied are shown in Table 2.
Spike length ranged from 4.79 for Interspecific to 9.47cm for variety
CDC Sister. Maximum spikelet number per a spike of 78.73 was
exhibited by variety AC Hawkeys whereas minimum spikelets per a

Table 2. Mean performance of 29 spring barley genotypes for spike traits

Genotype
CDC Sister
AC Vision
AC Roser
AC Renger
AC Legend
AC Malpe
AC Hawkeys
Diamond
Creme
Niska
Trohu
Manny
Vivar
Tango
Interspecific
4900,2
CN 17822
Tamaplais
Herold
Mahigan
MNbrite
Hitchcock
Atlas
Creel
Stander
Exel
Malebo
Kakapo
Winston
LSD 0.05%
384

Spike length,
cm

Awn length,
cm

Spikelet number
per a spike

Grain number
per a spike

Grain weight
per a spike, g

1000 grains
weight, g

9.47
7.28
7.77
7.08
7.82
7.67
9.18
7.50
8.31
7.57
8.64
8.98
7.95
6.52
4.79
7.16
6.97
7.90
7.99
7.57
7.86
5.32
8.85
6.51
7.65
8.21
6.42
7.56
7.85
0.80

10.42
11.76
12.29
13.21
12.51
10.92
15.73
11.48
11.73
13.75
10.77
11.81
10.89
11.56
11.50
12.33
10.76
12.88
9.91
9.86
11.00
10.12
12.78
9.76
11.79
11.25
12.58
11.71
14.43
0.87

76.00
57.31
67.11
62.48
64.42
63.96
78.73
62.66
70.74
65.95
73.25
77.43
71.82
60.81
68.50
53.82
66.52
69.38
71.75
68.07
71.40
59.66
73.44
59.22
70.68
70.47
57.34
67.49
73.50
6.23

64.52
45.59
50.12
45.67
51.39
50.75
64.46
47.08
51.39
52.25
58.52
61.13
54.23
43.12
58.58
35.75
51.65
49.04
56.15
52.99
62.05
46.77
51.83
50.37
61.05
61.76
40.80
48.74
59.03
7.78

2.28
1.90
2.38
2.19
2.20
1.90
2.72
2.34
2.35
1.95
2.59
2.44
2.39
1.88
1.85
1.17
2.35
1.92
2.31
2.04
2.60
1.52
2.07
2.11
2.48
2.46
2.31
2.31
1.99
0.53

36.44
41.24
46.78
49.41
42.91
38.17
49.25
43.08
43.10
38.85
45.26
39.39
44.08
43.44
30.43
35.49
44.74
48.05
42.73
37.29
42.09
34.79
40.22
40.00
41.52
40.12
53.28
48.70
36.63
0.71

Table 3. Pearson's correlation coefficient for spike traits of 29 spring barley genotypes

Spike length

Traits
Awn length
Spikelet number per a spike
Grain number per a spike
Grain weight per a spike
1000 grains weight

0.23
0.69**
0.51**
0.17
0.54**

Awn length

Spikelet number
per a spike

Grain number
per a spike

Grain weight
per a spike

0.88**
-0.06
0.64**

-0.24
0.63**

0.50**

0.17
0.02
0.31
0.05

** Correlation is significant at the 0.01 level

Eigenvalues
% of variance
Cumulative %

2.00

AC Renger

AC Hawkeys

Kakapo
AC Roser
Tamaplais
AC Legend
Tango
Diamond Niska Creme
Trochu
4900.2
AC Vision
Atlas Vivar
CN 17822
Stander
Winston
Creel AC Malpe
Mnbrite
Manny
Herold
Exel
Mahigan
Hitchcock
CDC Sister

1.00
.00
-1.00

Interspecific

-2.00
-3.00

-2.00

-1.00

.00
PC 1

1.00

2.00

3.00

Figure 1. Scatter diagram for PC1 and PC2 in 29
spring barley genotypes

PC1

PC2

3.001
50.009
50.009

1.472
24.534
74.544

Table 5. Cluster mean of studied traits of 29 spring barley
genotypes

Factor loadings
Spike length
Awn length
Spikelet number per a spike
Grain number per a spike
Grain weight per a spike
1000 grains weight

Malebo

barley.
The first two principal components accounted for 75% of the
overall variation among genotypes (Table 4). The first principal
component (PC1) was positively correlated with spikelet number per
a spike (0.928), grain number per a spike (0.850), grain weight per a
spike (0.831) and spike length (0.801). Maximum genetic variance to
PC2 was contributed by 1000 grains weight (0.955) and awn length
(0.571).
Such results indicated that traits spikelet number per a spike,
grain number per a spike, grain weight per a spike and spike length
contributed maximum towards diversity of genotypes. Ram and
Singh (1989) found spike length, grain per spike and grain weight
were the main characters contributing yield in barley. It may be
concluded that the greater divergence in the genotypes due to these
characters would offer a good scope for the improvement of barley

Table 4. Principal component analysis of 29 spring barley
genotypes

Characters

3.00

PC 2

spike of 53.82 was recorded for the genotype 4900.2. Grain number
per a spike ranged from 35.75 to 64.52. Grain weight per a spike
varied from 1.17 g for genotype 4900.2 to 2.72 g for variety AC
Hawkeys. Data for 1000-grain weight ranged between 30.43 g and
53.28 g, maximum 1000-grain weight was recorded for variety
Malebo whereas minimum was recorded for genotype Interspecific.
Pearson's correlation coefficient was computed between spike
traits among 29 genotypes of spring barley (Table 3). Positive
correlation was found between most of traits. Spike length was
highly significant and positively correlated with spikelet number per a
spike (r=0.69), grain number per a spike(r=0.51) and grain weight
per a spike (r=0.54). Spikelet number per a spike showed significant
positive relationship with grain number per a spike (r=0,88). Grain
number per a spike exhibited significant positive correlation with
grain weight per a spike (r=0,63) and spikelet number per a spike
(r=0,64). Association between 1000 grains weight and grain weight
per a spike was of positive nature and significant (r=0,50).
Correlation between traits is so important because it helps the
breeder to select important characters from the studied traits. Most
of the traits such as yield and yield component traits are influenced
by interaction of genotype and environment, and, therefore,
selection based on correlation coefficient makes it easy for plant
breeders (Ahmadikhah et al., 2008). The relationship between spike
length and grain number per spike is indicative of simultaneous
genetic improvement in these two traits. Several researchers like
Khaliq et al. (2004), Budakli Carpici and Celik (2012) have also
reported similar positive association between spike length and grain
number per spike. There are studies (Sukram et al., 2010; Budakli
Carpici and Celik, 2012; Dyulgerova, 2012) reported that grains
number per spike exerted direct positive effect on grain yield in

Traits
0.801
0.230
0.928
0.850
0.831
0.181

0.094
0.571
-0.228
-0.433
0.250
0.914

Cluster I Cluster II Cluster III Cluster IV

Spike length, cm
Awn length,cm
Spikelet number per a spike
Grain number per a spike
Grain weight per a spike, g
1000 grains weight, g

8.41
11.88
73.27
58.84
2.39
41.73

7.38
11.27
64.67
48.06
2.25
47.87

7.19
11.27
62.55
49.18
1.96
39.83

5.75
11.31
60.66
47.04
1.52
33.57
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Winston
Atlas
Vivar
Herold
Creme
Mnbrite
Stander
Exel
Trochu
AC Hawkeys
Manny
CDC Sister
Malebo
Tamaplais
AC Renger
Kakapo
AC Roser
CN 17822
Diamond
AC Legend
Mahigan
AC Malpe
Niska
Creel
Tango
AC Vision
4900.2
Interspecific
Hichcock

Linkage distance
Figure 2. Cluster diagram of 29 spring barley genotypes on the basis of spike traits

through rational selection.
Figure 1 displays a biplot in the dimension of the first and second
PCs. The accessions with positive values for PC1 and PC2 were of
considerable breeding interest because of their good combination
for the studied yield related traits – AC Hawkeyе, AC Rosser,
Tamaplais and Creme. Hybridization between the genotypes with
high positive values for PC1 as AC Hawkeyе, Manny, CDC Sister
and varieties with high positive values for PC2 as Malebo, AC
Renger is expected to give promising and desirable segregants in
subsequent generations.
Accessions were grouped into four clusters at a distance of 5
units. The cluster means of the investigated traits are presented in
Table 5. Comparison of means of various traits in different clusters
revealed that cluster I recorded the highest value for spike length,
awn length, spikelet number per a spike, grain number per a spike,
grain number per a spike, grain weight per a spike and grain weight
per a spike. The cluster II with 8 varieties had the highest value for
1000 grains weight. Based on mean performance of studied traits
and the genetic divergence (Figure 2) the following crosses were
recommended: genotypes from group I (CDC Sister, Manny, Trochu,
Stander, Excel, MNbrite, Creme, Vivar) with genotypes from group II
(Malebo, AC Renger, Kakapo, AC Roser).

Conclusion
Significant differences were observed among the genotypes
regarding all the traits studied. Genotype had most influence on
spike length. Year and genotype X year interaction had most strong
impact on the grain weight per a spike. Principal component analysis
indicated 74.5% of the total variation. Varieties AC Hawkeys, AC
Roser and Creme having positive values for principal component 1
and 2 were of considerable breeding interest because of their good
combination for the studied traits. Cluster analysis revealed that 29
accessions of spring barley were clustered into four main groups.
The following crosses were recommended based on the genetic
divergence and mean performance of studied traits: genotypes from
group I (CDC Sister, Manny, Trochu, Stander, Excel, MNbrite,
Creme, Vivar) with genotypes from group II (Malebo, AC Renger,
Kakapo, AC Roser).
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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 Health,
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. C3variants 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 performance in dairy cows,IXth 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”.

Volume 6, Number 4
December 2014

www.agriscitech.eu

