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Evaluation of high yielding mutants of Hordeum vulgare cultivar Izgrev

B. Dyulgerova*, N. Dyulgerov

Institute of Agriculture, 8400 Karnobat, Bulgaria

(Manuscript received 7 February 2017; accepted for publication publication 31 May 2017)

Abstract. Seeds of Hordeum vulgare L. cultivar Izgrev were treated with different concentrations of sodium azide to induce genetic variability for the selection 
of genotypes with improved traits. After passing through different stages of selection, 18 promising mutants were selected for further studies. Eighteen mutants 
and their parent and national standard cultivar Veslets were evaluated in Complete Block Design with four replications. The research was conducted in 2013 – 
2014 and 2014 – 2015 growing seasons in the experimental field of the Institute of Agriculture Karnobat, Southeastern Bulgaria. The characters studied 
included days to heading, plant height, lodging, peduncle length, spike length, awn length, spikelet number per spike, grain number per spike, grain weight per 
spike, 1000 grains weight and grain yield. Wide variation among mutant lines was observed for different traits. Mutant lines M4/16 and M 3/14 produced 
significantly greater grain yield than the parent and standard cultivar. Positive changes in lodging tolerance, grain number per spike, grain weight per spike, 
1000 grains weight were also observed. This study showed positive effects in the use of mutation in inducing improvement for grain yield and some yield related 
traits.
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Introduction mM and 3 mM sodium azide for 2 hours, prepared in buffer solution 
(pH=3) at room temperature and washed for 6 hours after treatment.

The M1 plants grown in field were harvested in bulk. In M2 To improve yield and other traits in barley, many breeding 
generation one spike per selected plant was harvested and seed of techniques are being successfully used. Mutation breeding is one of 
each M2 spike was sown in the field as spike to row progeny for M3 the important techniques to induce variation. Induced mutation had 
generation. The parent variety was planted in every 10 rows as a significantly contributed in developing superior crop varieties of seed 
check. The mutants were developed through selection for higher and vegetatively propagated crops. The mutant cultivars in different 
yield than the parental material by applying selection pressure from crops had great economic impact on agriculture and food production 
M2-M6. Finally, the selected lines were tested in yield trial in the in many countries, including Bulgaria (Ahloowalia et al., 2004; Jain, 
present investigation. The 18 mutants and their parent variety and 2010; Tomlekova, 2010). More than 3000 varieties of different crops 
standard variety were evaluated in yield trial in Complete Block have been officially released by mutation breeding technique (Joint 
Design with four replications. FAO/IAEA Mutant Variety Database). Mutant populations have now 

The characters studied included days to heading, plant height been created for many cereal crops, including rice (Singh et al., 
(cm), lodging (scale 9-1, where 9 = no lodging and 1 = 100% 1998; Suzuki et al., 2008), Triticum durum (Sakin and Yildirim, 2004) 
lodging), peduncle length (cm), spike length (cm), awn length (cm), and bread wheat (Slade et al., 2005). 
spikelet number per spike, grain number per spike, grain weight per The mutants developed in barley had great potential for direct 
spike (g), 1000 grains weight (g), grain yield (kg/ha).  The data were release and to include them in cross breeding programs 
recorded on plant basis by randomly selecting 10 plants from each (Maluszynski and Szarejko, 2005). Many barley cultivars with 
plot. Days for heading, lodging, 1000 kernel weight and grain yield tolerance to different biotic and abiotic stresses and improved traits 
were estimated on plot basis.have been developed in the world through induced mutagenesis 

The significance of differences among means was compared (Ahloowalia et al., 2004).
by using Least Significant Difference (LSD) test at the 0.05 level of The aim of the present study was to evaluate mutant lines from 
probability and the correlations were analysed by Pearson's Hordeum vulgare cultivar Izgrev for grain yield and yield associated 
correlation coefficient. The cluster analysis was performed using the traits. 
program Statistica that adopts Euclidian distance as a measure of 
dissimilarity and Ward's method as the clustering algorithm (Ward, 
1963). Before computing the data were standardized. Material and methods

The research work was conducted during 2013 – 2014, 2014 – 
Results and discussion2015 and 2015 – 2016 growing seasons at the Institute of Agriculture 

Karnobat, Southeastern Bulgaria. The 18 mutants, their parent 
Mutant lines showed variation in plant height – from 84.13 to variety Izgrev and national check variety Veslets were used as plant 

101.88 cm (Table 1). Three mutant lines (M 2/18 M 3/20 M 4/23) had material. Pre-soaked in water for 16 hours seeds were treated with 2 
significantly higher plants compared to parental cultivar. Mutant M 
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1/3 and M 2/14 had about 7 cm lower plant height than Izgrev. Three number of grains per spike was recorded in M 4/23 (70.18), followed 
of the mutant lines (M 1/3, M 2/9 and M 4/10) showed better lodging by M 3/14 (67.48), M 2/18 (66.89) and M 2/8 (66.81). The grain 
resistance than the standard and parent cultivar. Line M 3/7 headed weight per a spike of M 4/23 and M 3/14 was significantly higher than 
earlier than other entries, including check varieties. Most of the Izgrev, but didn't differ significantly from standard Veslets. Higher 
studied lines headed later than the parent. Lines M 2/14, M 3/6, M grain yield (6840 and 6730 kg/ha) produced by mutant M 3/14 and M 
4/16 and M 4/23 were very late (heading 6 days after standard). 4/23, respectively, could be attributed to their higher number of 
Spike length ranged from 7.46 to 9.96 cm. Mutant lines M 2/9, M 2/18 grains per spike and higher 1000 grains weight.
and M 3/14 had higher spike length compared to Izgrev and Veslets. The correlation coefficients among the various traits were 
M 2/9 possessed more spikelets per spike (78,70). The highest presented in Table 2. Plant height had positive correlation with 

Table 1. Mean performance (2013 – 2014 and 2014 – 2015 growing seasons) of mutant lines from cv. Izgrev

* significantly different from parent cultivar at the 5% level; PH - plant height (cm), L - lodging (scale 9-1),DH - days to 
heading, SL - spike length (cm), AL - awn length (cm), PL - peduncle length (cm), SNS - spikelet number per spike, GNS - 
grain number per spike, GWS - grain weight per spike (g), TGW - 1000 grains weight (g), GY - grain yield (kg/ha)

Mutant lines PH L DH SL AL PL SNS GNS GWS TGW GY

Veslets

Izgrev

M 1/3

M 1/9

M 2/7

M 2/8

M 2/9

M 2/14

M 2/18

M 3/6

M 3/7

M 3/8

M 3/14

M 3/20

M 4/10

M 4/16

M 4/18

M 4/23

M 5/4

M 5/8

LSD 0,05

96.00

91.25

84.00*

85.88

85.88

99.38*

88.50

84.13*

98.88*

95.38

89.82

86.19

86.38

101.88*

87.75

84.75

88.00

100.25*

91.60

89.13

  6.90

7.38

7.50

8.38*

8.13

7.63

6.50*

8.50*

7.88

7.00

7.88

7.25

7.13

8.13

7.13

8.38*

7.88

8.00

6.88

8.13

7.13

0.84

189.75

190.50

190.88

191.13

191.50

192.38

194.63*

196.50*

190.38

195.63*

186.75*

189.13

193.38

190.63

191.25

196.63*

191.00

197.25*

193.88*

194.88*

    3.24

8.16

8.51

9.37

9.42

9.07

8.57

9.74*

8.62

9.96*

8.07

8.21

7.46

9.74*

8.48

9.39

8.53

9.03

9.38

8.82

8.26

1.12

13.20

11.97

12.02

12.89*

13.15*

11.43

10.98*

11.85

11.30

11.23

12.19

11.87

10.54*

11.02*

12.29

11.18

11.92

10.91*

12.25

11.52

  0.91

25.89

25.15

24.94

26.05

24.03

24.47

24.48

21.42

28.99*

23.88

27.51

24.85

26.87

27.42

24.11

26.10

24.58

27.03

25.23

24.06

  2.52

71.67

72.52

73.51

72.97

68.99

76.02

78.70*

69.98

75.57

67.42

67.69

63.50*

76.57

74.69

74.85

76.25

72.02

78.70

71.99

68.02

  6.27

60.18

60.53

62.51

64.99

60.47

66.81*

65.02

61.65

66.89*

58.75

59.83

52.28*

67.48*

66.43

66.37

66.01

61.58

70.18*

61.58

57.73

  6.18

3.01

2.72

3.06

3.21

2.92

2.92

3.03

2.91

3.05

2.58

2.80

2.62

3.30*

2.67

3.03

2.88

3.02

3.29*

2.57

2.58

0.50

46.18

45.66

44.42

46.71

46.69

44.31

43.01*

41.34*

46.38

43.58*

42.83*

46.56

49.37*

39.74*

41.73*

46.71

46.48

49.05*

40.06*

43.95*

1.71

5830

5840

6140

6160

5510

6010

5780

5680

6350

5010

6350

5900

6840*

6170

6180

5970

6050

6730*

5870

6320

  560

Table 2. Correlation coefficients between grain yield and yield releted traits

*significant at the 5% level; ** significant at the 1% level, PH - plant height (cm), L - lodging (scale 9-1), DH - days to 
heading, SL - spike length (cm), AL - awn length (cm), PL - peduncle length (cm), SNS - spikelet number per spike, GNS - 
grain number per spike, GWS - grain weight per spike (g), TGW - 1000 grains weight (g), GY - grain yield (kg/ha)

Traits

PH

L

DH

SL

AL

PL

SNS

GNS

GWS

TGW

-0.667** -0.021

0.160

-0.054

0.401

0.157

-0.291

0.136

-0.387

-0.188

 0.471*

-0.331

-0.361

 0.267

-0.236

 0.286

 0.135

 0.335

 0.736**

-0.444*

 0.352

 0.345

 0.037

 0.317

 0.734**

-0.414

 0.439*

 0.928**

-0.088

 0.209

 0.071

 0.752**

-0.055

 0.267

 0.645**

 0.673**

-0.100

-0.156

 0.037

 0.228

-0.069

 0.309

 0.157

 0.132

 0.581**

 0.107

-0.202

-0.107

 0.429*

-0.333

 0.601**

 0.451*

 0.509*

 0.536*

 0.349

L DH SL AL PL SNS GNS GWS TGW GY
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peduncle length and it was negatively associated with resistance to durum Desf. cv. Samra) using gamma irradiation. Pakistan Journal 
lodging. Days to heading didn't show any significant correlations with of Botany, 46, 317-324.
other studied traits. Spike length had a positive correlation with Asseng S, Turnera NC, Rayb JD and Keatingc BA, 2002. A 
spikelet number per spike, grain number per spike, grain weight per simulation analysis that predicts the influence of physiological traits 
spike and  grain yield. Spikelet number per spike had a positive on the potential yield of wheat. European Journal of Agronomy, 17, 
correlation with spike length, grain number per spike, grain weight 123-41.
per spike and grain yield and a negative correlation with awn length. Deniz B, 2007. Selection for yield and earliness in mutated 
Grain number per spike was positively associated with spike length, genotypes of spring barley (Hordeum vulgare) in cool and short - 
peduncle length, spikelet number per spike, grain weight per spike season environments. New Zealand Journal of Crop and 
and grain yield. Grain weight per spike had a positive correlation with Horticultural Science, 35, 441-447.
spike length, spikelet and grain number per spike, and 1000 grains Fotokian MH, Agahi K, Ahmadi J and Vaezi B, 2014. Selection of 
weight. Grain yield had the positive and significant correlation with barley advanced lines at rainfed conditions using regression and 
spike length, peduncle length, spikelet and grain number per spike, cluster analyses. International Journal of Biosciences, 4, 80-88. 
grain weight per spike. Similar results are also reported by Joint FAO/IAEA Mutant Variety Database http://mvgs.iaea.org/ 
Mohammadi et al. (2006), Singh et al. (2014), Ahmadi et al. (2016), AboutMutantVarieties.aspx, accessed 1 February 2016. 
Vitrakoti et al. (2016). Unlike the findings of Moreno et al. (2003) and Jouyban A, Give HS and Noryan M, 2015. Relationship between 
Jouyban et al. (2015), in our study, the correlation coefficient agronomic and morphological traits in barley varieties under drought 
between grain yield and 1000 grains weight was not significant. The stress condition. International Research Journal of Applied and 
non-significant correlation between that traits is also reported by Basic Sciences, 9, 1507-1511.
Fotokian et al. (2014) and Öztürk et al. (2014). The differential Laghari KA, Sial MA, Arain MA, Khanzada SD and Channa SA, 
relations of yield components with grain yield may be attributed to 2012. Evaluation of stable wheat mutant lines for yield and yield 
environmental and genotypic effects (Asseng et al., 2002). associated traits. Pakistan Journal of Agriculture, Agricultural 

The results of the present study illustrated that mutagenesis is Engineering and Veterinary Sciences,28, 124-130.
an efficient tool for increasing genetic variability in barley. Mutant Mohammadi M, Ceccarelli S and Naghavi MR, 2006. Variability 
lines showed wide variation in various studied traits. Some of the And Genetic Parameters for Related Traits to Drought Tolerance in 
mutant lines have shown superiority over parent and standard Doubled Haploid Population of Barley (Hordeum vulgare). 
variety for grain yield and different yield associated traits. These International Journal of Agriculture and Biology, 8, 694-697.
results are in agreement with the findings of several authors who Moreno A, Moreno MM, Ribas F and Cabello MJ, 2003. Influence 
reported the selection of positive mutations such as reduced plant of nitrogen fertilizer on grain yield of barley (Hordeum vulgare L.) 
height, higher grain weight per spike and 1000 grain weight, more under irrigated conditions. Spanish Journal of Agricultural Research 
grains in a spike, higher grain yield, etc. (Ramesh et al., 2003; Deniz, 1, 91-100.
2007; Singh and Balyan, 2009; Laghari, 2012; Albokari, 2014; Obare Obare J, Kinyua MG and Kiplagat OK, 2014. Effects of Induced 
et al., 2014). Mutagenesis on Agronomic Traits in Barley (Hordeum vulgare L). 

American Journal of Experimental Agriculture, 4, 1536-1543.
Öztürk Y, Avci R, Kahraman T, Tülek A, Kaya R and Tuna B, 2014. 
Investigation of yield and some agronomical traits of the barley Conclusion
(Hordeum vulgare L) genotypes in Trakya region. Scientific works of 
Institute of Agriculture, Karnobat, 3, 133-137.The study demonstrated positive effects in the use of mutation 
Ramesh B, Kumar B and Singh D, 2003. Pathways of height in inducing an improvement for grain yield and some yield related 
reduction in induced mutants of barley. Indian Journal of Genetics, traits in barley. Positive changes in plant height (M 1/3 and M 2/14), 
63, 343-344.lodging tolerance (M 1/3, M 2/9 and M 4/10), grain number per spike 
Singh JL, Prasad C, Madakemohekar AH and Bornare SS, 2014. (M 4/23, M 3/14, M 2/18 and M 2/8), grain weight per spike (M 4/23 
Genetic variability and character association in diverse genotypes of and M 3/14), 1000 grains weight (M 4/23 and M 3/14) were observed. 
barley (Hordeum vulgare L.). The Bioscan (Supplement on Genetics Mutant lines, M4/16, and M 3/14 produced a significantly greater 
and Plant Breeding), 9, 759-761.grain yield than the parent and standard cultivar. 
Singh NK and Balyan HS, 2009. Induced mutation in bread wheat 
(Triticum aestivum L.) cv. “Kharchia 65” for reduced plant height and 
improves grain quality traits. Advances in Biological Research, 3, References
215-221.
Tomlekova N, 2010. Mutation Breeding in Bulgaria. Plant Mutation Ahloowalia BS, Maluszynski M and Nichterlein K, 2004. Global 
Reports, 2, 4-27.impact of mutation derived varieties. Euphytica 135, 187-204.
Vitrakoti D, Aryal S, Rasaily S, Ojha BR, Kharel R and Sapkota Ahmadi J, Vaezi B and Pour-Aboughadareh A, 2016. Analysis of 
M, 2016. Study on genotypic response and correlation analysis of variability, heritability, and interrelationships among grain yield and 
the yield and yield attributing traits of different barley (Hordeum related characters in barley advanced lines. Genetika, 48, 73-85.
vulgare) genotypes. “International Journal of Applied Sciences and Albokari M, 2014. Induction of mutants in durum wheat (Triticum 
Biotechnology, 4, 529-536.
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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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