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Genetics and Breeding

Characterization of a new winter malting barley cultivar Ahil

B. Dyulgerova*, Dr. Vulchev, T. Popova

Institute of Agriculture, 8400 Karnobat, Bulgaria

(Manuscript received 7 February 2017; accepted for publication 30 May 2017)

Abstract. Ahil is a new winter malting barley cultivar developed by the method of experimental mutagenesis at the Institute of Agriculture, Karnobat, Bulgaria. 
Biological and agronomic characteristics of the cultivar were also investigated for several years and at the Executive Agency of Varietal Testing, Field 
Inspection and Seed Control trails in the period 2012 – 2013. Averaged for 6 locations in Bulgaria grain yield of the new cultivar was significantly higher than the 
yield of standard cultivars with about 5%. At the Institute of Agriculture grain yield was 17% higher than the average standard for the period of 5 years. The 
cultivar has high winter hardness, lodging resistance, resistance to powdery mildew and medium resistance to brown rust. Ahil has good malting quality. 
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Introduction variety Clarine were treated with 300 Gy gamma-rays and the first 
mutant generation was grown in 1998. In M2 generation the best 
progenies were selected. The selected mutant lines were tested in Developing new barley cultivars with high and stable grain yield 
replicated yield trials, where the KT 3032 line was selected. The line and resistance to biotic and abiotic stress factors is the main goal of 
was evaluated in joint yield trail with best candidate varieties the breeding program of the Institute of Agriculture – Karnobat 
developed at the Institute. Here KT 3032 showed high yield potential (Valcheva and Vulchev, 2013; Valcheva et al., 2013; Gocheva and 
and good malting qualities and was submitted to the Executive Vulchev, 2014; Dimova, 2015). Induced mutation is used with great 
Agency of Varietal Testing, Field Inspection and Seed Control success by different breeding programs for developing new cultivars 
(EAVTFISC) for testing as candidate cultivar Ahil. Biological and (Oladosu et al., 2016). Physical mutagens, mostly ionizing 
agronomic characteristics of the cultivar were investigated at the radiations, have been used widely in mutation breeding and more 
EAVTFISC in the period 2012-2013 according to the Methodology than 70% of mutant varieties were developed using physical 
for setting and conducting of the trials for Competitive variety testing mutagenesis (Mba et al., 2012; Mba, 2013). Among cereals, the 
for VCU (value for cultivation and use) with malting and feed barley maximum mutant cultivars have been released in rice – 819, 
(2004). Susceptibility to Erysiphe graminis f. sp. hordei and Puccinia followed by barley – 304, and wheat – 255 (Joint FAO/IAEA Mutant 
hordei was evaluated under conditions of an artificial infection field Variety Database, 2017). The high-yielding and short stature mutant 
by using a 9-1 scale (where 9 meant fully resistant, and 1 meant fully cultivars of barley Diamant and Golden Promise have added billions 
susceptible). A 9-1 scale was used for scoring resistance to spike of dollars to the value of the brewing and malting industry in Europe 
neck breaking (9 = no spike neck breaking, 5 = less than 15% spike (Ahloowalia et al., 2004). The mutants have also been used as 
neck breaking, 1 = above 15% spike neck breaking).parents of many leading barley cultivars. As a result of the mutation 

The variety was tested for DUS (Distinctness, Uniformity and breeding program at the Institute of Agriculture – Karnobat two 
Stability) at location Radnevo town, Southeast Bulgaria, in 2013 and mutant cultivars of feed winter barley have been released (Vulchev 
2014 within the system of the national EAVTFISC. The cultivar Ahil and Dyulgerova, 2011; Dyulgerova and Vulchev, 2012). The cultivar 
(Hordeum sativum Jessen, ssp. distichum L. var. nutans) was Ahil is the first mutant cultivar of malting barley, developed at the 
registered in 2015 as winter malting barley cultivar for production in Institute by mutation breeding.
all the barley growing regions in Bulgaria. The aim of this study was to present morphological, biological 

Grain yields of cultivar Ahil and standards Obzor and Emon and agronomic characteristics of the new Bulgarian winter malting 
were evaluated during five years 2011-2015 in the experimental field barley cultivar Ahil.
of the Institute of Agriculture, Karnobat, Southeastern Bulgaria. The 

2experiment was carried out in four replications on 10 m  plots. The 
plot yield was converted to kg/ha. Standard agronomic and plant 

Material and methods
protection practices were used. The significance of differences 
among means was compared by using Least Significant Difference 

Сultivar Ahil was developed at the Institute of Agriculture, (LSD) test at the 0.05 level of probability.
Karnobat by the experimental mutagenensis. Seeds of French 
* e-mail: bdyulgerova@abv.bg
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GGE biplots graphical analysis was used to visually analyze the Obzor, Еmon and Kaskadyor 3 from the official testing. Ahil is a 
mean yield and stability performance over environments of the new barley cultivar with a medium maturity. The vegetation period was 
and standad cultivars (Yan and Kang, 2003). GGE biplot was around 219 to 222 days and does not differ significantly from those of 
constructed using Genstat 12.0 (Genstat, 2009). the standard cultivars. At maturity, the straw of Ahil is similar in length 

to Kaskadyor 3. Its lodging resistance is higher than standard 
cultivats Obzor, Emon and Kaskadyor 3. The percentage of 
surviving plants after artificial freezing at -12°C was higher than this Results and discussion
percentage for Obzor and Emon, but lower compared with 
Kaskadyor 3. The percentage of plants surviving winter was from Morphological characterization
74.6% to 100% for Ahil and from 69.8% to 100% for the average Table 1 presents the description of the cultivar according to the 
standard in different locations in official testing. Resistance to spike methodology of the CPVO (2012). Plants have an intermediate 
neck breaking of the new cultivar was excellent (score 9) in 2012 and growth habit. The lower leaves are without hairiness of leaf sheaths. 
from good (score 5) to excellent (score 9) in different test locations in The auricles have weak anthocyanin pigmentation. The flag leaves 
2013. Ahil had shown resistance to powdery mildew and medium of plants have horizontal attitude and wake glaucosity of the sheath. 
resistance to brown rust under conditions of an artificial infection The tips of awns have weak anthocyanin pigmentation. The ear of 
field.variety Ahil is semi-recurved, with parallel shape and medium 

During the first year the new cultivar was tested at 5 locations - density and long awns. The first segment of rachis is short and 
the trial in location Pordim was discarded (Table 3). The average weakly curved. Grain is with long rachilla hair, without hairiness of 
grain yield of the new cultivar exceeded the the mean standard ventral furrow and weakly colored aleurone layer.
besed on cultivars Obzor, Emon and Kaskadyor 3 by 10.4%. At 
different locations the grain yield of Ahil was from 1.6% to 24.9% Biological and agronomical characteristics
higher than the yield of the mean standard. During the second year Table 2 shows some of the biological and agronomical 
of official testing Ahil was tested at 6 locations. The highest yield was characteristics of the new cultivar in comparison to the standards 
obtained in location G. Toshevo – 8863 kg/ha. The average grain 

Table 1. Morphological characteristics of winter malting variety Ahil

N° Characteristics Expression Degree

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Kernel: colour of aleurone layer

Plant: growth habit

Lowest leaves: hairiness of leaf sheaths

Flag leaf: intensity of anthocyanin colouration of auricles

Flag leaf: attitude

Flag leaf: glaucosity of sheath

Time of ear emergence (first spikelet visible on 50% of ears)

Awns: intensity of anthocyanin colouration of tips

Ear: glaucosity

Ear: attitude

Plant: length (stem; ear and awns)

Ear: number of rows

Ear: shape

Ear: density

Ear: length (excluding awns)

Awn: length (compared to ear)

Rachis: length of first segment

Rachis: curvature of first segment

Ear: development of sterile spikelets

Sterile spikelet: attitude (in mid third of ear)

Median spikelet: length of glume and its awn relative to grain

Grain: rachilla hair type

Grain: husk

Grain: anthocyanin coloration of nerves of lemma

Grain: spiculation of inner lateral nerves of dorsal side of lemma

Grain: hairiness of ventral furrow

Grain: disposition of lodicules

Seasonal type

weakly coloured

intermediate

absent

weak

horizontal

weak

medium

weak

weak

semi-recurved

Medium to long

two

parallel

medium

medium

long

short

weak

non or rudimentary

parallel to weakly divergent

equal

long

present

absent or very weak

absent or very weak

absent

clasping

winter type

2

5

1

3

5

3

5

3

3

7

6

1

5

5

5

7

3

3

1

2

2

2

9

1

1

1

2

1
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Table 2. Biological and agronomical characteristics of new cultivar Ahil in comparison to the standards Obzor, Еmon and 
Kaskadyor 3 from the official testing

Trait

Vegetation period, number of days

Lodging, %

Resistance to spike neck breaking, scale 9-1

Survived plants after arrtifical freezing 12°C,%

Plants winter survival, % 

Erysiphe graminis f. sp. hordei, scale 9-1

Puccinia hordei, scale 9-1

Сultivar

Obzor

Еmon

Kaskadyor 3

Ahil

Obzor

Еmon

Kaskadyor 3

Ahil

Obzor

Еmon

Kaskadyor 3

Ahil

Obzor

Еmon

Kaskadyor 3

Ahil

Obzor

Еmon

Kaskadyor 3

Ahil

Obzor

Еmon

Kaskadyor 3

Ahil

Obzor

Еmon

Kaskadyor 3

Ahil

221

220

221

222

0

0

0

0

from 5 to 9

from 5 to 9

from 5 to 9

9

16

13

39

25

-

-

-

-

5

5

7

7

5

5

7

7

220

218

218

219

from 0.0 to 91.0

from 0.0 to 81.0

from 0.0 to 89.0

from 0.0 to 50.0

from 5 to 9

from 5 to 9

from 5 to 9

from 5 to 9

18

13

12

18

from 71.0 to 100

from 73.4 to 100

from 69.8 to 100

from 74.5 to 100

3

3

5

7

1

5

1

5

2012 2013

Table 3. Grain yield (kg/ha) from the official testing of cultivar Ahil (2012 – 2013)

*The trial in location Pordim was discarded in 2012 and in 2013 the trial was conducted in location Brushlen

Location Selanovsty G. Toshevo Burgas Radnevo Chepinsty MeanPordim*/ Brushlen 

Mean standard

Obzor

Еmon

Kaskadyor 3

Ahil

Mean standard

Obzor

Еmon

Kaskadyor 3

Ahil

5403

5017

5534

5658

5796

5691

5411

6429

5233

6526

100.0

92.8

102.4

104.7

107.3

100.0

95.1

113.0

92.0

114.7

5088

4942

4889

5434

5982

8802

8302

9100

9004

8863

100.0

97.1

96.1

106.8

117.6

100.0

94.3

103.4

102.3

100.7

7708

7670

7275

8180

7833

8604

8395

8615

8803

8048

100.0

99.5

94.4

106.1

101.6

100.0

97.6

100.1

102.3

93.5

6389

6410

6395

6363

6708

7643

7460

8020

7448

7023

100.0

100.3

100.1

99.6

105.0

100.0

97.6

104.9

97.5

91.9

5691

6383

5110

5580

7110

6893

6953

7148

6580

7245

100.0

112.2

89.8

98.1

124.9

100.0

100.9

103.7

95.5

105.1

-

-

-

-

-

6878

6955

6752

6930

6895

-

-

-

-

-

100.0

101.0

98.1

100.7

100.2

6056

6084

5841

6243

6686

7419

7246

7677

7333

7433

100.0

100.5

96.4

103.1

110.4

100.0

97.7

103.5

98.8

100.2

Variety кg/ha % кg/ha % кg/ha % кg/ha % кg/ha % кg/ha % кg/ha %

2013

2012
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yield of the tested cultivar does not differ signicanly on this from the 
mean standard. Averaged for the two years of official testing the new 
cultivar exceeded the mean standard by 5.3%.

Increasing grain yield without sacrificing yield stability is a major 
challenge for barley breeding, especially for regions characterized 
by large variation in weather and soil conditions (Ceccarelli and 
Grando, 1991; Simmonds, 1991). Successful cultivars should be 
adapted to a broad range of environmental conditions to produce 
consistent yields everywhere. The GGE biplot graphic analysis of 

exceeded the standards by 5% averaged for two years during the the new and standard cultivars tested at 12 environments 
official testing and by 17% for five years during the testing at the (combination of years and locations) revealed that the first two 
Institute of Agriculture - Karnobat. The new cultivar has higher principal components explained 84.14% of the total variance (Figura 
stability compared with standards. Ahil has a good level of winter 1). Mean yield and stability performance over environments of each 
hardiness and lodging resistance. The cultivar was resistant to genotype is explored by using the average environment (tester) 
powdery mildew and medium resistant to brown rust under coordinate (AEC) methods. This method shows that the new cultivar 
conditions of an artificial infection field. The grain of Ahil fulfilled most had higher stability as well as higher mean yield compared to 
of the quality parameters required for malting. standards.

The grain yield from the testing of Ahil at the Institute of 
Agriculture – Karnobat for the five years (2011-2015) is shown in 
Table 4. The average grain yield from testing of the cultivar was 6699 References
kg/ha, which was 17% higher than the average grain yield of the 
standard cultivars Obzor and Emon. Ahloowalia BS, Maluszynski M and Nichterlein K, 2004. Global 

In micromalting evaluation, Ahil met most of the quality impact of mutationderived varieties. Euphytica 135, 187-204.
parameters required for malting barley (Table 5). The cultivar had Ceccarelli S and Grando S, 1991. Selection environment and 
high hectoliter weight - 67.0-68.0 kg/hl and medium weight of 1000 environmental sensitivity in barley. Euphytica 57, 157-167.
grains - 42 – 44 g. The grain had high uniformity – 92% and protein CPVO-TP/019/3, 2012. Protocol for Distinctness, Uniformity and 
content - below 12%. Stability tests Hordeum vulgare L. sensu lato: Barley. 

http://www.cpvo.europa.eu/main/en/home/technical-examinations/ 
technical-protocols/tp-agricultural-species. 
Dimova D, 2015. Breeding and genetics studies on productivity of Conclusion
feed barley. Thesis for PhD, Institute of Agriculture, Karnobat, 
Bulgaria, (Bg).

The new cultivar Ahil has high yield potential. Its grain yield 
Dyulgerova B and Vulchev D, 2012. Characterisation of winter 

Table 4. Grain yield (kg/ha) from the testing of cultivar Ahil at the Institute of Agriculture, Karnobat (2011-2015)

Standard/

Variety

2011

кg/ha % кg/ha % кg/ha % кg/ha % кg/ha % кg/ha %

2012 2013 2014 2015 Total

Mean standard

Оbzor

Emon

Ahil

LSD 0.05%

5925

6475

5375

8275

520

100

109

91

140

5763

5713

5813

6200

497

100

99

101

108

6149

6915

5384

7076

100

112

88

115

603

100

117

83

116

5514

5754

5275

5800

551

100

104

96

105

5727

6207

5246

6699

469

100

108

92

117

5281

6180

4383

6145

Table 5. Grain and malt quality from the official testing of 
variety Ahil

Quality trait Variety Ahil Standard by EBC

Hectoliter weight (kg/hl)

Weight of 1000 grains (g)

Uniformity of grains (%)

Grain Protain content (%)

Extract content (%)

Extract differerence (%)

Soluble nitrogen (mg/100 g)

Color units EBC

Viscosity  (mPa,s)

Saccharification (min)

67.0-68.0

42 - 44

92.0

11.5

79.6

3.5

575

2.0

1.63

10-15

> 64.0

> 40.0

> 85.0

< 12.0

> 78.0

< 4.0

> 700

< 4.5

< 1.60

< 25

P
C

2 
- 

28
.6

8%

Scatter plot (Total - 84.14%)

PC1 - 55.46%

Genotype scores

Environment scores

Obzor
Kaskadyor 3

Ahil

Emon

10
8 11

1
6 
4 2

5

3

12

7

9

Figure 1. GGE biplot for cultivars mean yield performance
and stability across environments
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feed barley cultivar Bozhin. Plant Science, 2, 62-66 (Bg). Oladosu Y, Rafii MY, Abdullah N, Hussin G, Ramli A, Rahim HA, 
GenStat,  009. GenStat for Windows (12th Edition) Introduction. Miah G and Usman M, 2016. Principle and application of plant 
VSN International, Hemel Hempstead. mutagenesis in crop improvement: a review. Biotechnology & 
Gocheva M and Vulchev D, 2014. Characterisation of winter Biotechnological Equipment, 30, 1-16.
malting barley cultivar Kuber.Scientific works of the Institute of Simmonds NW, 1991. Selection for local adaptation in a plant 
Agriculture – Karnobat, Vol. 3, №1, 71-76 (Bg). breeding prgramme. Theor. Appl. Genet. 82, 363–367.
Joint FAO/IAEA Mutant Variety Database http://mvgs.iaea.org/ Valcheva D and Vulchev D, 2013. Deviniya – a new winter malting 
AboutMutantVarieties.aspx, accessed 1 February 2016. barley variety. Scientific works of the Institute of Agriculture 
Mba C, 2013. Induced mutations unleash the potentials of plant Karnobat, 2, 163-168 (Bg).
genetic resources for food and agriculture. Agronomy, 3, 200-231. Valcheva D, Vulchev D, Popova T, Dimova D, Ozturk I and Kaya 
Mba C, Afza R and Shu QY, 2012. Mutagenic radiations: X–rays, R, 2013 Productive abilities of Bulgarian and introduced varieties 
ionizing particles and ultraviolet. In: Shu QY, Forster BP, Nakagawa and lines barley in Southeast Bulgaria conditions. Scientific works of 
H, editors. Plant mutation breeding and biotechnology. Wallingford, the Institute of Agriculture – Karnobat, 2, 39-48 (Bg).
CABI, 83-90. Vulchev D and Dyulgerova B, 2011. IZ Bori – A new winter feed 
Methodology for setting and conducting of the trials for barley. Plant Science, 5, 427-430 (Bg).
Competitive variety testing for VCU with malting and feeding Yan W and Kang MS, 2003. GGE Biplot analysis: A graphical tool for 
barley, 2004. EAVTFISC, p. 16 (Bg). Breeders, Geneticists and Agronomists. Florida, USA: CRC, Press.
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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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