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Abstract. The present investigation was carried out to study the effect of the chemical mutagen sodium azide on 
winter barley cultivars Monika and Imeon for its efficient utilization in a mutation breeding program of winter barley. 
A preliminary study of the effect of concentrations of 1 mM, 2 mM, 3 mM, and 4 mM sodium azide on laboratory 
germination and shoot and root length was conducted. A significant decrease in laboratory germination, shoot, and root 
length was found in all applied mutagen concentrations. Based on the mean reduction in shoots and roots length 1 mM 
sodium azide was selected for induction of mutant populations. Analysis of variance showed that mutagenic treatment 
significantly affected all studied traits except the number of spikes per plant in the M1 generation. Genotype-treatment 
interaction had a significant influence on plant height, spike length, number of spikelets and grains per spike, grain 
weight per spike and per plant, and 1000-grain weight indicated that there was a genotype-specific response to the 
applied mutagen. Cultivar Imeon reacted with a higher reduction of yield-related traits compared to cultivar Monika in 
the M1 generation. The more sensitive to SA cultivar Imeon gave a higher frequency of chlorophyll mutations in M2 
generation.
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Introduction

Induced mutagenesis has generated enormous genetic 
variation which is a source of phenotypic diversity for crop 
breeding (Jankowicz-Cieslak et al., 2017). With the help of 
mutation breeding, cultivars of different crops have been 
developed with the majority of them being cereal crops 
cultivars (FAO/IAEA MVD, 2022). Rice is the crop with the 
highest number of mutant cultivars followed by barley with 
20% of all cereal mutant cultivars grown globally (Mba, 2013). 
A total of 306 barley mutant varieties have been reported from 
more than 30 countries (FAO/IAEA MVD, 2022).

Nevertheless, more than 70% of mutant cultivars 
have been developed using physical mutagenesis, 
chemical mutagens also have been widely used in crop 
improvement. Sodium azide is a very efficient mutagen in 
barley as well as in some other crop species (Khan et al., 
2009; Gruszka et al., 2012). The mutagenicity of sodium 
azide is mediated through the production of an organic 
metabolite of azide and is highly dependent on acidic 
pH (Khan et al., 2009). It is well documented that this 

mutagen causes a high frequency of point mutations and 
a very low frequency of chromosome breakages (Gruszka 
et al., 2012).

The success of any mutation breeding program largely 
depends on applying a suitable dose or concentration of 
the particular mutagen. The concentration of a mutagen 
that causes the high mutation frequency with a low 
mutational load and low plant injury is regarded as the 
optimal concentration. Concentrations of mutagen that 
lead to 30%-50% lethality or reduction of 30-50% in 
growth in M1 generation have often been chosen for 
mutation treatment because they are induced in the 
highest mutation rates (Bado et al., 2015). The effect of 
a chemical mutagen depends on many parameters, but 
some of the most important except concentration, are 
the duration of treatments, temperature, and pH during 
treatments. It is well known that the different genotypes 
differ in their sensitivity to mutagenic treatment and 
mutability. Therefore, quantitative determination of M1 
injury and sensitivity testing should be routine procedures 
in mutation breeding programmes. The easiest and most 
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routinely applied methods to assess M1 injury are the 
determination of germination frequency, and shoot and/
or root growth rates of seedlings (Spencer-Lopes et al., 
2018).

The present investigation was carried out to study the 
effect of the chemical mutagen sodium azide on winter 
barley cultivars Monika and Imeon for its efficient utilization 
in a mutation breeding programme of winter barley.

Material and methods

The investigation was carried out at the Institute of 
Agriculture - Karnobat (42°39’ N, 26°59’ E) in two seasons 
2019-2020 and 2020-2021. The site is characterized by a 
transitional-continental climate and leached chernozem-
smolniza soil (pH = 6.2).

Seeds from two cultivars of winter barley Monika and 
Imeon were used for treatment with chemical mutagen 
sodium azide. Cultivar Monika is German six-rowed feed 
barley with very good winter hardiness and grain yield at 
the level of the national standard cultivar Veslets. Cultivar 
Imeon is two-rowed barley developed in the Institute of 
Agriculture - Karnobat. It has high grain yield, good malting 
quality, high winter hardiness, and lodging resistance.

For sodium azide (SA) treatment seeds were presoaked 
in distilled water for 12 h and then subjected to treatment with 
sodium azide for 2 hours, prepared in a buffer solution with 
pH=3. The treatment was carried out at room temperature 
of 24°C. The treated seeds were washed in running water 
for 2 h and then dried on blotting paper.

For the study of germination, shoot and root length 
concentrations of 1 mM, 2 mM, 3 mM, and 4 mM SA 
were used. Mutant populations for field evaluation were 
produced by application of 1 mM SA.

Treated with SA and control seeds were placed in Petri 
dishes containing wet filter paper and placed in a growth 
chamber at 25°C for the germination test. The experiment 
was performed in three replicates of 100 seeds per variant. 
The germination was evaluated on 3rd, 7th, and 10th day.

For measuring the shoot and root length, seeds 

were preliminary put between wet filter paper, and after 
germination 30 seeds with radicle elongated about 2 
mm were transferred in a roll of filter paper in three 
replications, the rolls were put in containers with distilled 
water. Length of shoots and roots was measured on 20 
plants per replication after 12 days.

Treated seeds along with controls were sown in plots of 
10 m2 in the field in a randomized block design with three 
replications. Field emergence was assessed by counting 
the total number of emerged seedlings in an area of 0.25 
m2 in each replication.

Traits plant height (cm), spikes per plant, spike length 
(cm), spikelets per spike, grains per spike, grain weight 
per spike (g), grain weight per plant (g), and 1000-grain 
weight (g) were measured on 50 random plants from each 
replication.

The main spikes of M1 plants were harvested separately 
and seeds from each M1 spike were sown in a row in M2 
as spike progeny. Chlorophyll mutants were scored in M2 
generation in the field conditions. They were identified and 
classified according to Gustafsson (1940). The frequency 
of chlorophyll mutations was calculated as a percent of 
the number of spike progenies with chlorophyll mutations 
from the total number of studied spike progenies.

All obtained data from the M1 generation were 
subjected to analysis of variance (ANOVA). In addition, 
least significant difference (LSD) values were performed at 
the 5% probability level (P < 0.05). All statistical analyses 
were performed using the SPSS software package, 
version 20.0 (IBM Corp., 2011).

Results and discussion

Significant differences between the two studied 
cultivars in germination after 7 and 10 days, shoot and root 
length in M1 generation were found (Table 1). Mutagenic 
treatment had a significant effect on germination, shoot, 
and root length. Interaction between genotype and 
treatment was also significant for those traits indicated 
specific reaction of genotypes to mutagenic treatment.

Table 1. Mean squares of laboratory germination, shoot and root length in M1 generation after SA and MH treatment of barley 
cultivars Monika and Imeon

 Traits Genotype Treatment Genotype x treatment 
interaction

Germination 3rd day 1.20 13232.38* 40.78*
Germination 7th day 58.80* 11687.30* 12.13*
Germination after 10th day 3.33* 9185.75* 32.25*
Shoot length 9.03* 122.66* 3.46*
Root length 19.10* 137.60* 7.20*

    *significant at P≤0.05
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SA treatment decreased the germination percentage of 
the studied barley cultivars (Table 2). A very high reduction 
in germination was observed in the higher concentrations 
of SA. In both cultivars, germination was 0 on the 3rd day 
in variants treated with 2mM, 3mM, and 4 mM SA and 
on the 7th day after application of 4 mM SA. Germination 
percentage on the 10th day was only 10.67% in Monika and 
8.33% in Imeon after 4 mM SA. This result showed that 
SA not only inhibited but also significantly delayed seed 
germination. The effect of SA on germination probably is 
due to azide anions that are strong inhibitors of cytochrome 

oxidase, which in turn inhibits oxidative phosphorylation. 
In addition, SA is an inhibitor of the proton pump (Kleinhofs 
et al., 1978) and alters the mitochondrial membrane 
potential (Zhang et al., 2000). These effects together 
may hamper ATP biosynthesis resulting in decreased 
availability of ATP which may slow the germination rate 
and reduce the germination percentage (Siddiqui et al., 
2007). A similar effect of SA on seed germination of wheat 
(Srivastava et al., 2011), rice (Omoregie et al., 2014) and 
barley (Hasegawa and Inoue, 1984) have been reported 
in earlier studies.

The shoot length of two cultivars of winter barley 
included in the study showed a steady decrease with 
increasing SA concentration (Table 3). A similar decrease 
in shoot length of barley with increased concentration of 
the mutagen has been reported by Hasegawa and Inoue 
(1980) while Ilbas et al. (2005) also found a reduction in 
shoot length but in lower percentage than observed in the 
present study. Conversely, Konzak et al. (1975) did not 
find any effect of SA treatment at concentrations ranging 
from 2.0 to 2.5 mM for 2 h on barley seedling length.

The reduction of shoot length by different mutagens 
was ascribed to different factors. The mutagen may induce 
auxin destruction and altered enzyme activity (Sharma et 

Table 2. Germination percentage in M1 generation of barley cultivars Monika and Imeon after SA treatment

Germination, %

Cultivar Treatment 3rd day % of control 7th day % of  
control

10th day % of  
control

Monika Control 88.67 100.00 91.00 100.00 91.67 100.00

SA 1 mM 80.67* 90.97 75.33* 82.78 77.00* 84.00

SA 2 mM 0.00* 0.00 17.33* 19.05 26.67* 29.09

SA3 mM 0.00* 0.00 0.67* 0.73 18.00* 19.64

SA 4 mM 0.00* 0.00 0.00* 0.00 10.67* 11.64

LSD 0.05 4.49 5.96 3.96

Imeon Control 97.00 100.00 98.00 100.00 98.00 100.00

SA 1 mM 74.33* 76.63 77.00* 78.57 78.33* 79.93

SA 2 mM 0.00* 0.00 21.33* 21.77 23.33* 23.81

SA3 mM 0.00* 0.00 1.67* 1.70 12.33* 12.59

SA4 mM 0.00* 0.00 0.00* 0.00 8.33* 8.50

LSD 0.05 3.88 5.01 3.81
*significant difference from control at P<0.05

al., 2020), variation in auxin level and inhibition of mitotic 
proliferation (Arumugam et al., 1997), chromosomal 
damages, or inhibition of cell division (Kumar and Tripathi, 
2008; Nilahayati and Hanafiah, 2021).

The root length was significantly reduced in all 
mutagenic treated variants compared to the control. The 
reduction varied from 89.90% (SA 3 mM) to 58.92% (SA 1 
mM) of control in Monika and from 85.84% (SA 2 mM) to 
66.24% (SA 1 mM) of control in Imeon.

In both cultivars, about 50% mean reduction in seedling 
and root length was observed after treatment with 1 mM 
SA, so this concentration was used for induction of mutant 
populations for further field evaluation.
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Evaluation of field germination and yield-related traits in 
M1 showed that genotype had a significant effect on the 
variation of spike length, number of spikelets and grains per 
spike, grain weight per spike and per plant, and 1000-grain 
weight (Table 4). Mutagenic treatment significantly affected 
all studied traits except the number of spikes per plant. 

Genotype-treatment interaction had a significant influence 
on plant height, spike length, number of spikelets and 
grains per spike, grain weight per spike and per plant and 
1000-grain weight. The significant genotype-treatment 
interaction showed that there was a differential response of 
genotypes to the applied mutagens.

Table 3. Shoot and root length of barley cultivars Monika and Imeon after SA treatment

Cultivar Treatment Shoot length, 
cm

% of  
control

Root length, 
cm

% of  
control

% mean 
reduction

Monika Control 15.19 100.00 11.09 100.0 100.00
SA 1 mM 7.43* 48.91 4.56* 41.08 55.01
SA 2 mM 5.60* 36.87 3.64* 32.78 65.18
SA 3 mM 3.41* 22.43 1.12* 10.10 83.74
SA 4 mM 3.06* 20.14 1.25* 11.27 84.29
LSD 0,05 0.70 1.25

Imeon Control 15.23 100.00 15.80 100.00 100.00
SA 1 mM 8.14* 53.43 5.33* 33.76 56.41
SA 2 mM 6.29* 41.32 2.30* 14.58 72.05
SA 3 mM 5.52* 36.22 3.19* 20.21 71.79
SA 4 mM 5.00* 32.81 3.00* 19.01 74.09
LSD 0,05 0.78 1.63

*significant difference from control at P≤0.05

Table 4. Mean squares of field emergence and yield-related traits in M1 generation of barley cultivars Monika and Imeon after 
SA treatment

Traits Genotype Treatment Genotype x treatment 
interaction

Field emergence 4.57 10489.97* 4.57
Plant height 386.79* 22.61* 25.60*
Spikes per plant 0.25* 0.02 0.06
Spike length 4.59* 2.40* 1.01*
Spikelets per spike 2146.77* 55.79* 3.97*
Grains per spike 1034.75* 96.03* 11.28*
Grain weight per spike 1.61* 0.45* 0.10*
Grain weight per plant 20.26* 9.25* 6.15*
1000-grain weight 0.56* 10.45* 16.80*

 *significant at P<0.05

Mean values of field emergence and studied yield-
related traits in M1 are presented in Table 5. In both cultivars, 
a significant drop in field emergence was observed in the 
M1 generation after the applied mutagen. Field emergence 
was decreased by 49% in Monika and by 55% in Imeon. 
Low emergence in the field may be the result of unfavorable 
conditions after sowing combined with the inhibitory effect 
of SA. SA treatment caused a significant reduction in all 
studied traits except in the number of spikes per plant in both 
cultivars. Cultivar Imeon showed higher sensitivity to the 
applied mutagen and it reacted with higher reduction in field 

emergence and all studied qualitative traits compared to the 
cultivar Monika. In cultivar Imeon the highest reduction in 
yield-related traits was observed for grain weight per plant 
(58.72%), followed by grain weight per spike (40.14%), and 
the number of grains per spike (26.72%). While in Monika 
the highest percentage of decrease compared to the control 
was found for grain weight per spike (10.32%), followed 
by the number of grains per spike (8.25%). Reduction in 
yield-related traits in M1 after SA treatment in barley was 
reported by Hasegawa and Inoue (1980) and Cheng and 
Gao (1988).
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The usefulness of mutagens for crop improvement 
depends on their ability to induce high mutation 
frequency. Chlorophyll mutations have proved to be 
some of the most dependable indices for evaluating 
the efficiency of different mutagens in inducing genetic 
variability. The frequency of chlorophyll mutants 
observed in M2 generation is presented in Figure 1. 

Table 5. Mean values of field emergence and yield-related traits in M1 generation of barley cultivars Monika and Imeon treated 

with SA 

Treatment Monika Imeon

Mean % of control Mean % of control

Field emergence, number of plants/m2

Control 429.33 100.00 420.67 100.00

SA 1 mM 217.33* 50.62 189.33* 45.01

Plant height, cm

Control 82.63 100.00 74.20 100.00

SA 1 mM 79.00* 95.60 68.53* 92.36

Spikes per plant

Control 4.70 100.00 4.27 100.00

SA 1 mM 4.63 98.58 4.49 105.16

Spike length, cm

Control 6.87 100.00 8.48 100.00

SA 1 mM 6.55* 95.44 7.21* 83.03

Spikelets per spike

Control 56.80 100.00 31.20 100.00

SA 1 mM 53.64* 94.43 25.74* 82.49

Grains per spike

Control 45.07 100.00 28.43 100.00

SA 1 mM 41.35* 91.75 20.84* 73.28

Grain weight per spike, g

Control 1.97 100.00 1.42 100.00

SA 1 mM 1.77* 89.68 0.85* 59.86

Grain weight per plant, g

Control 6.59 100.00 5.43 100.00

SA 1 mM 5.27* 95.09 2.24* 41.28

1000-grain weight, g

Control 44.03 100.00 46.83 100.00

SA 1 mM 43.05* 97.77 42.60* 90.96
*significant difference from control at P≤0.05

The total percentage of chlorophyll mutations after 
treatment with 1 mM SA was 11.24% in Monika and 
26.23% in Imeon. In Monika, 6 types of chlorophyll 
mutations (albina, viridis, xantha, two-coloured, striata 
and zonata) were observed, while in Imeon 5 types 
of chlorophyll mutations (albina, viridis, xantha, two-
coloured and tigrina) were found.
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The quantitative determination of M1 injury and 
sensitivity testing should be routine procedures in 
mutation breeding programs. The easiest and most 
routinely applied methods to assess M1 injury are the 
determination of germination frequency and shoot and/
or root growth rates at a particular plant development 
stage (usually in seedlings) in laboratory or greenhouse 
conditions (Spencer-Lopes et al., 2018). In the present 
study, the two studied cultivars did not differ significantly 
in terms of reduction of germination and shoot and root 
length after treatment with 1 mM SA. Nevertheless, 
when yield-related traits were studied in M1 considerable 
difference in sensitivity of cultivars was found. Moreover, 
the cultivar with higher mutagen sensitivity Imeon had over 
two times higher frequency of chlorophyll mutants in M2. 
Those results showed that additional studies are needed 
to determine if the reduction in germination, shoot, and 
root length is appropriate for mutagenic sensitivity testing 
in barley in the case of SA treatment.

Conclusion

Analysis of variance showed that mutagenic treatment 
significantly affected all studied traits except the number 
of spikes per plant in M1 generation. Genotype-treatment 
interaction had a significant influence on plant height, spike 
length, number of spikelets and grains per spike, grain 

Figure 1. Chlorophyll mutations in M2 generation of barley cultivars Monika and Imeon treated with SA

weight per spike and per plant, and 1000-grain weight 
indicating that there was a genotype-specific response 
to the applied mutagen. Cultivar Imeon reacted with a 
higher reduction of yield-related traits compared to the 
cultivar Monika in M1 generation. The more sensitive to 
SA cultivar Imeon gave a higher frequency of chlorophyll 
mutations in M2 generation.
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