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Abstract 

Gamma irradiation technology is considered to be very promising for trait-based plant modification. 

The effect of γ-irradiation on the germination, growth, and productivity of daughter generations of 

barley M1 and M2 is highly relevant. The aims of the study was the creation of a source material for 

barley breeding in the form of mutant lines with selectively valuable traits, by treating seeds with 

ionizing radiation using an electron accelerator of the Park of Nuclear Technologies JSC (Kurchatov, 

Republic of Kazakhstan); as well as to improve and expand the classical methods of breeding based 

on induced mutagenesis in creating an original gene pool of the source and breeding material of 

barley for the accelerated and effective introduction of stress tolerant(to salinization and drought) 

varieties into production in the conditions of Aral Sea impacted landscapes. Seeds of the two varieties 

of barley were treated with five doses of radiation (from 50 Gy to 250 Gy). The germination and 

various morphological characteristics of their seedlings at different growing phases were compared 

with the non-irradiated (control) treatment. The results of this preliminary study showed that both 

treated varieties were sensitive to the γ-irradiation and showed suppressed morphological properties, 

where the highest dose of 250 Gy showed most inhibiting effect resulting in death of barely seedling. 

The results obtained will be applied for the further expanded research with other specified doses of γ-

ray treatment of seeds in order to create a basis in strengthening and deploying full-scale breeding 

work for diversified crop production in the region and improving existing varieties for further 

breeding. 
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Introduction 

 

Producing sufficient and quality food for a growing population is one of the major challenges facing 

the food and agriculture sector. This is especially challenging given the context of an ever-changing, 

changing climate. Given the many challenges facing agricultural food systems, new technologies and 

techniques need to be developed and adapted to grow high-yielding crop varieties that can withstand 

multiple environmental stresses during the growing season (Gerard et al., 2020).  

The Kyzylorda region of the central Kazakhstan is located in extremely unfavourable 

conditions for the implementation of crop production, where intensive desertification, salinization 

and soil deflation are observed (Hu et al., 2020; Verón et al., 2006; Reynolds et al., 2007). Long-term 

cultivation of rice in Kyzylorda region led to a general rise in the level of groundwater, which 

resulted in salinization of arable soils by 60% over past 10 years (Baimbetovand Sagimbayev, 2005). 

Lack of moisture, high temperatures, drought, dry wind, and return of cold temperatures, salinization, 

and a decrease in the level of fertility of the arable soil layer are the main limiting factors of the 
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studied Aral Sea region. Because the most effective and economical way to reduce their negative 

impacts on cultural vegetation is genetic breeding approach, researches on the creation of new 

resistant varieties of barley adapted to local environmental conditions specified with high salinization 

and droughts are very relevant. 

Radiation breeding allows obtaining mutant lines that outstand in resistance to abiotic stress 

factors, as well as significantly reducing the time for breeding new varieties by direct propagation of 

mutant lines with a complex of positive traits. In the last decade, the mutational methods of creating 

varieties developed by the International Atomic Energy Agency of Austria was widely accepted in the 

Asian and Latin American regions and has achieved very good results. Examples include the high-

protein bare-grain mutant barley variety Molina-5, cultivated in the highlands of the Andes. The 

world achievements of induced mutagenesis in the context of cultivated crops clearly indicate the role 

of the genotype in the mutation process: crops are classified into high- and low-stable. Rye, oats, and 

durum wheat are regarded as low stable; while barley, rice and soft wheat are highly stable 

(Dobrovolsky and Kubarev, 2009; Marcu et al 2013; Majeed and Muhammad 2010; Liu et al., 2019; 

Shiyu et al., 2020; Wang et al., 2019; Thomas, 2020). As world experience shows, the possibilities of 

experimental mutagenesis in its simple, classical, execution have already been largely exhausted, 

therefore, the search for new mutagenic factors and methods of their action for the identification of 

utilitarian genotypes is constantly being researched. In this regard, at present, an urgent need has 

arisen to obtain the original gene pool of the initial and breeding material of the most important 

agricultural crops using new mutational methods, for the rapid and effective creation of new 

varieties.In addition, in recent years, many countries are interested in the peaceful use of atomic 

energy; in particular, the processing of agricultural products with ionizing radiation is the most 

modern method that meets the needs of today's agricultural market. Thus, the use of atomic energy in 

agriculture solves the problems of breeding and pest control, preservation the crop yield and increases 

its storage time, improve the quality of seed and increase productivity (IAEA 2019; Jo and Kim 

2019). Generally it is considered that irradiation of seeds of grain cereals with low doses of gamma-

rays leads to increased protein content and higher carbohydrate and vitamin levels (Jan et al., 2012). 

However, there are almost no studies on seed pre-treatment with higher doses of gamma radiation on 

germination and early growth characteristics of barley. Taking into consideration the potential of 

gamma irradiation technology on the trait based modification of plants the influence of γ-irradiations 

on germination, growth and yield in M1 and M2 filial generations (Rawat et al., 2019) of barley is 

highly relevant. 

At present, in the breeding work of the Aral Sea scientists, the only classical method for 

creating such varieties is intra-species hybridization based on the “pedigree”. Therefore, the main 

prerequisite for these studies was the expansion of breeding methods in the creation of a 

fundamentally new starting material based on induced mutagenesis, which makes it possible to obtain 
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mutant lines characterized by resistance to abiotic stress factors, such as salt-tolerant. In addition γ-

radiation of seeds supposedly will significantly shorten the time spent for breeding process by direct 

propagation of mutant lines with a complex of positive traits.  

The goals of this study were: 

-  To study the effectiveness of ionizing radiation on approved and promising varieties of barley, 

- To study the methodology of mutagenic effects on plant growth,  

- To obtain promising mutants of barley as a starting material for breeding varieties for the 

conditions of the Aral Sea region in Kazakhstan. 

Implementation of this project is expected to create a solid scientific basis in strengthening and 

deploying full-scale breeding work for diversified crops in this region and improving existing 

varieties of local breeding. We expect that the results of this study will find wide application in 

theoretical and practical breeding of barley, which will reveal the genetic nature of complex polygenic 

traits and enhance the efficiency of genetics and breeding projects in Kazakhstan, in general. 

 

Materials and methods 

 

The objects of research were two barley varieties (Syr Aruy and Inkar) that are constant in terms of 

commercially valuable traits and biological properties. The seeds of the barley varieties were treated 

with ionizing radiation using the ILU-10 electron accelerators at the Park of Nuclear Technologies 

JSC (Kurchatov) in the following parameters of the radiation processing technological process: 

- electron energy - 5 MeV; 

- average current of the electron beam - 0.04; 0.08; 0.12; 0.16; 0.20 mA; 

- speed of the beam section of the conveyor - 9 m/min; 

- the range of absorbed doses was 50 ± 10% Gy (Gray); 100 ± 10% Gy; 200 ± 10% Gy and 250 ± 

10% Gy. 

The treatment of seeds with ionizing radiation was carried out using the ILU-10 electron 

accelerator of the Park of Nuclear Technologies Joint Stock Company (Kurchatov, East Kazakhstan 

region). 

In the laboratory conditions, the optimal radiation doses were selected by careful analysis of 

growth parameters at the initial stage of barley growth and development by determining the following 

characteristics: germination energy, laboratory germination of seeds, measuring the length of roots 

and shoots of 10 and 15-days-old seedlings and other auxiliary indicators (Udovenko 1968; 

Methodological guidelines 1989). Unirradiated seeds served as control. 

Field experiments were carried out in April (2019) according to the generally accepted scheme: 

treated and control seeds were sown manually on plots with an area: in the first year of the experiment 

(2019)- at least 1.0 m2 along the track of the marker, in subsequent year (2020) with an increase in the 

area of plots depending on the number of seeds obtained. The phenological observations of the growth 
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and development of plants, the beginning and end of the onset of phases (not shown in this paper), 

counts, and selection of plants for biometric analysis were carried out according to the methods 

described by Udovenko (1968), Dospekhov (1973) and Methodological guidelines (1981). 

Determination of the frequency of visible dominant mutations on plants was carried out by 

means of an individual assessment of plants to identify the effect of mutagens (leaf color, plant height, 

ear shape, the presence of anthocyan coloration of awns, leaf ears, wax bloom, graininess and other 

morphological traits) by visually viewing the plants from each treatment in comparison with the 

control. Harvesting was carried out manually with a preliminary selection of 10 plants for structural 

analysis, and the remaining plants were harvested by family groups, with the main spike (ears) 

separately from the lateral. 

The initial stage of the research included studying the effect of various doses of ionizing 

radiation on the growth and development of barley plants in the early stages (germination energy, 

laboratory germination, height, length, mass of shoots and roots of 10 and 15 days old seedlings) in 

order to determine the test indicator of the most effective mutagenic exposure to radiation treatment. 

The second stage of the research included studies on the effect of ionizing radiation on the 

commercial and biological characteristics of barley, such as field germination, plant condition 

(preservation for harvest), the length of growing period, the onset of the heading phase, elements of 

productivity, grain weight per unit area and the spectrum of modified forms in M1. Figure 1. shows 

one representative experimental plots as a sample. 

 

Figure 1. Differentinitial stages of barley varieties on 02.04.2019. Treatment no 3(radiation 150±10% Gy): 1-

Inkar; 2-Syr Aruy; 3-controlInkar; 4-controlSyrAruy 

Typically mutation frequencies in the M1 generation are estimated from those of the M2 or M3 

generations, assuming a Mendelian segregation of mutant alleles (Naito et al., 2005). 

Themorphological parameters of the two studied varieties of barley were statistically processed 
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according to Kostyloeva and Kostylev (2017). The data obtained was processed in Excel and 

Statistica 19 software, and the mean differences were calculated by Duncan's multiple range test. 

 

Results and Discussions 

 
The effect of radiation treatment of seeds of the Syr Aruy variety on germination energy and seed 

germination was insignificant (except for the first seed treatment) and their indicators in all doses 

were at the same level. Interestingly, at a minimum radiation dose of 50 Gy, a significant decrease in 

germination was observed (85.4%), while in other treatments with increased doses. This indicator was 

at the control level in the range of 94.4-96.9% (Table 1).A different picture was observed for the Inkar 

barley variety, in which the laboratory germination decreased with increasing doses of ionizing 

radiation to 75.2% (Table 2). The differences in comparison with the control were statistically 

significant. The study of the effect of ionizing radiation on the length of 10 and 15-daysold seedlings 

showed that as the absorbed doses increase, a slight decrease in the length of 10-days-old seedlings to 

12.6 and 12.9 cm, respectively, was observed for the varieties of Syr Aruy and Inkar, compared to 

14.4 and 13.8 cm in the control treatments. A similar picture was observed for the weight of 15-days-

old seedlings and roots, where at the highest irradiation dose of 250Gy the seedling lengths were 14.9 

and 14.5 versus 18.3 and 17.2 in the control treatment (Tables 1 and 2). 

We found that at a dose of 200 ± 10% Gy there was a better morphological characteristics of 

seedlings of both varieties, in comparison with other treatments (though not statistically significant), 

but still less efficient than in the control (Table 1 and Table 2). This phenomenon cannot be explained 

at these preliminary stages of the experiments. However, it deserves more detailed molecular and 

genetic studies in a perspective. Many studies reported that low radiation doses of pre-sowing seed 

treatment accelerate the passage of the first phases of growth and reduce the growing season. Each 

phase of plant growth is characterized by a unique physiology where any change in growth pattern 

ultimately affects maturity and yield (Jan et al 2012). Low doses of irradiation is considered to 

stimulate specific plant morphological parameters and increase plant yield (Yu et al.2007; Melki and 

Dahmani 2009) through so called hormesis phenomenon (Korystov and Narimanov 1997), by 

changing the hormonal signalling network in plant cells or by increasing the antioxidative capacity of 

cells (Kim et al., 1998; Wi et al., 2005).  
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Table 1. Analysis of the seed germination and seedlings characteristics of the Syr Aruy barley variety at different doses of seed radiation treatment 

No of 

treatment 

Range of absorbed 

doses, Gy 

Number of germinated 

seeds, pcs (after 4 days) 

Laboratory  

germination, % 

Length of 10-days-old 

sprouts, cm 

Characteristics of 15-days-old seedlings 

Seedling  

length, cm 

Seedling  

weight, g 

Root length, 

cm 
Root weight, g 

1 50±10 % 42.7a* 85.4a±0.98 14.4a±0.21 17.1a±0.56 0.165a±0.004 5.12a±0.08 0.087a±0.021 

2 100±10 % 47.3b 95.6b±0.56 14.2a±0.46 17.4a±0.53 0.171b±0.009 7.07b±0.15 0.123b±0.015 

3 150±10 % 46.7b 94.4b±0.89 13.0b±0.32 16.3b±0.91 0.152c±0.012 7.92b±0.21 0.112b±0.011 

4 200±10 % 46.3b 96.9b±0.57 14.5a±0.51 17.8a±0.89 0.167a±0.003 7.96b±0.27 0.128b±0.018 

5 250±10 % 45.8c 94.6b±0.92 12.6b±0.95 14.9c±1.86 0.157c±0.016 6.31c±0.31 0.117b±0.021 

6 Control (not 

irradiated) 

48.3d 96.6b±0.98 14.4a±0.85 18.3d±0.97 0.173b±0.006 8.55d±0.05 0.139c±0.004 

*Different letters indicate statistically significant differences at p<0.05; according to Duncan's multiple range test 

 

Table 2. Analysis of the seed germination and seedlings characteristics of the Inkar barley variety at different doses of seed radiation treatment 

No of 

treatment 

Range of absorbed 

doses, Gy 

Number of germinated 

seeds, pcs (after 4 days) 

Laboratory  

germination, % 

Length of 10-days-old 

sprouts, cm 

Characteristics of 15-day-old seedlings 

Seedling  

length, cm 

Seedling  weight, 

g 

Root length, 

cm 
Root weight, g 

1 50±10 % 42.2a* 84.4a±0.87 13.5a±0.51 16.5a±0.15 0.152a±0.009 6.15a±0.12 0.119a±0.012 

2 100±10 % 40.3b 80.6b±0.34 13.3a±0.44 15.2b±0.24 0.148a±0.012 6.22a±0.18 0.129b±0.002 

3 150±10 % 40.8b 81.6b±0.29 13.0a±0.52 14.8b±0.32 0.144ab±0.015 6.57a±0.04 0.127b±0.004 

4 200±10 % 39.8b 89.6c±0.48 14.0b±0.61 16.0a±0.27 0.145ab±0.012 7.52b±0.16 0.135b±0.009 

5 250±10 % 37.6c 75.2d±0.31 12.9c±0.91 14.5b±0.31 0.140b±0.019 5.15c±0.09 0.108c±0.018 

6 
Control (not 

irradiated) 
48.7d 97.4e±0.23 13.8a±0.34 17.2c±0.29 0.157a±0.003 9.27d±0.04 0.151d±0.009 

* Different letters indicate statistically significant differences at p<0.005; according to Duncan's multiple range test 
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This phenomenon is triggered by a general adaptive response of the organism to stress (Mattson and 

Calabrese, 2010) Duration and a dose of radiation affect the directions and changes in plant 

morphological generative parameters either by enhancement or inhibition of them (Kim et al., 1998; 

Wi et al., 2005). 

Many studies have been carried out to evidence the effects of different doses of γ-irradiation on 

growth and yield attributes (Jan et al., 2012; Rawat et al., 2019; Kazakova et al., 2020; Volkova et al., 

2020). In our study the inhibition of growth induced by high-dose irradiation is probably attributed to 

the cell cycle arrest during somatic cell division and/or varying damage to the entire genome (Preuss 

and Britt, 2003; Jan et al., 2012). In the study of Jan et al. (2012) the relationship between growth of 

irradiated plants and the dose of γ-irradiation has been manifested by investigating the morphological 

changes and seedling growth of irradiated plants, where low doses inhibited auxin synthesis while 

larger doses can destroyed auxin activity directly.  

Thus, the analysis of the growth processes of barley plants showed that the selected radiation 

doses did not have a lethal effect on the barley seeds. However, during the early stages of barley 

growth, the radiation dose 250 ± 10% Gy resulted in a significant inhibition of the development of the 

sprout and roots, and subsequently to death of the seedling (Table 3). The death of seedlings at this 

dose of irradiation was the highest and amounted to 65-70% (Table 3). The data obtained indicate that 

the maximum permissible dose of irradiation of barley was the dose with an average electron beam 

current of 0.2 mA and250 Gy.  

 

Table 3. Effect of different doses of γ-radiation on physiological characteristics of M1 varieties of barley  

 

Тhe studied varieties showed differences in laboratory seed germination depending on the dose 

of the mutagen, which indicates that the effect of ionizing radiation depends on the genetic nature of 

the varieties. The laboratory studies revealed a significant decrease in root length and mass values 

with increasing radiation doses in comparison with the control, which indicates significant differences 

No 
Range of absorbed 

doses, Gy 

Plant 

preservation, % 

Preservation of 

plants for 

harvesting, % 

“Sowing-heading” 

period, days 

Vegetation period, 

days 

Syr Aruy variety 

 Original variety-control 69.3 81.7 36 75 

1. 1 50±10% 50.0 80.0 40 79 

2. 2 100±10% 44.4 81.7 40 79 

3. 3 150±10% 41.6 80.8 40 79 

4. 4 200±10% 42.8 80.0 44 82 

5. 5 250±10% 30.5 79.5 49 84 

6.  LSD05 0.14 0.52 0.17 1.14 

Inkar variety  

 Original variety-control 67.6 88.7 40 79 

7. 1 50±10% 44.8 86.9 44 82 

8. 2 100±10% 32.2 84.5 42 82 

9. 3 150±10% 31.4 83.1 44 82 

10. 4 200±10% 33.8 82.7 47 84 

11. 5 250±10% 25.2 79.6 49 86 

12.  LSD05 0.25 0.76 0.15 1.01 

https://onlinelibrary.wiley.com/doi/full/10.1111/jac.12381#jac12381-bib-0020
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between the experimental treatments. Therefore, these signs can serve as one of the informative (test) 

indicators when assessing effective doses of ionizing radiation. 

In the M1plants of Syr Aruy variety, the variation in field germination in the treatments of 

mutagenic exposure ranged from 38.0% (250 ± 10%) to 50.0% (50 ± 10%); while for the control 

plants it was 69.3%. In the M1 plants of Inkar variety, the field germination rate varied from 33.6% 

(150 ± 10%) to 44.8% (50 ± 10%). 

As can be seen from Figure 2, the value of field germination in both varieties varied 

proportionally to the radiation doses, namely, a decrease in germination values was observed with an 

increase in the treatment dose. A preliminary conclusion can be made that a more significant effect on 

this trait was exerted not by the genotype, but by the dose of the mutagen in accordance with earlier 

cited researches in this paper. 

 

 

Figure 2. Changes in the field germination (%) of barley varieties at different doses of radiation (Gy) 

It was observed that various doses of ionizing radiation had a stimulating effect on the 

productive tillering and the weight of 1000 grains, but somewhat reduced the grain number in the ear 

(Table 4). Productive tillering in both varieties increased with an increase in the radiation dose to 

3.3and 3.8 pieces per plant at 250 Gy for Syr Aruy variety and Inkar variety, respectively. Although 

ionizing radiation had a stimulating effect on the increase of productive tillering, it also caused 

unfulfilled spikes in the lateral shoots and their under ripening (Table 5). In general, a decrease in the 

productivity of barley varieties under the influence of various doses of ionizing radiation was caused, 

first of all, by low field germination, due to inhibition of growth processes already in the phase of 

germination of the grain or their non-viability. 
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Table 4. Effect of different doses of γ-radiation on productivity of M1 plants of barley 

 

 
Throughout the growing season, the selection of modified plants by characteristics differing 

from the original control variety was carried out by visual comparative method. In the current year 

(2020), in the M1 modified forms were detected for the density and shape of the spike, awns, plant 

height, spike branching and others (Figure 3; Table 5). 

 

Figure 3. Ear modification - branching: barley variety Inkar, treatment No. 5 - 250 ± 10% Gy 

The first two years of the study showed that most of the studied morphological parameters of 

barley were suppressed by irradiation of seeds, regardless of the dose, compared with the control (un-

irradiated seeds). Generally, the higher the dose, the more negative changes were found. The detected 

modified forms were marked with flags and removed separately (Figure 4a, 4b, 4c, 4d). Further, under 

laboratory conditions, the selection of ears with visible morphological changes was repeated (Figure 

5). Each selected ear will be sown next year in a 1st year breeding nursery using a square-nesting 

method (hole/ear), 36 lines in total. The rest of the plants in the context of each treatment were 

manually threshed, cleaned and prepared for sowing in a hybrid nursery. The area of the plots M2 

according to the treatments and depending on the number of seeds will be from 10 to 22 m2. 

 

 

No Range of absorbed 

doses, Gy 

Productive tillering, 

pcs/plant 

Number of 

grains per 

ear, pcs 

Weight of 1000 

grains, g 

Grain weight 

per ear, g/m2 

Deviation from 

control, g/m2 

Syr Aruy variety 

 Original vaiety-

control 

1.7±0.04 24.7±0.92 45.0 504.9 0.0 

13. 1 50±10% 2.1±0.03 21.1±0.53 45.8 379.9 -125.0 

14. 2 100±10% 2.4±0.02 20.0±0.23 45.4 357.5 -147.4 

15. 3 150±10% 2.8±0.03 19.8±0.08 46.0 337.3 -167.6 

16. 4 200±10% 2.8±0.05 19.2±0.25 45.2 336.8 -168.1 

17. 5 250±10% 3.3±0.06 16.5±0.87 46.0 318.1 -186.8 

Inkar variety 

 Original variety-

control 

1.8±0.03 25.2±0.86 45.4 514.9 0.0 

18. 1 50±10% 2.3±0.03 20.1±0.68 46.7 291.6 -223.3 

19. 2 100±10% 3.5±0.04 16.0±0.74 47.9 268.7 -246.2 

20. 3 150±10% 3.5±0.05 21.0±0.38 45.2 257.1 -257.8 

21. 4 200±10% 3.8±0.04 21.2±0.57 45.9 254.2 -260.7 

22. 5 250±10% 3.4±0.05 16.7±0.14 47.1 231.8 -283.1 
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Table 5. Modified forms in M1 in barley varieties treated by ionizing radiation 

 

 

 

a. Flagging of morpho-altered forms for the Inkar variety 

 

b.Flagging of morpho-altered forms for the SyrAruy 

variety 

 

c. Counting of productive ears 
 

d. Manual cleaning of treatment plots 

 

Figure 4. Stages of the field works on two barley varieties 
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 Syr Aruy 

1 50±10% 250 2 - 1 - - - - 1 2 

2 100±10% 222 7 - - - 4 - 1 2 3 

3 150±10% 208 5 1 - 2 1 - - 1 4 

4 200±10% 214 6 2 - 1 2 - 1 - 4 

5 250±10% 190 24 5 3 4 8 1 - 2 6 

 Inkar 

1 50±10% 224 3 - - 2 - - 1 - 2 

2 100±10% 161 4 - - - 3 - 1 - 2 

3 150±10% 157 6 2 - 2 - - - 2 3 

4 200±10% 169 8 3 - 2 2 - - 1 4 

5 250±10% 168 23 12 - 3 2 1 1 4 6 
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Figure 5. Selection of modified forms in laboratory conditions 

During the experiment the preservation of plants for harvest in M1plants did not significantly 

differ from the indicators of the control treatment and the doses of radiation applied didn’t have an 

inhibitory effect on plant preservation (Table 3).But during the plant growth, mutagens had a 

stimulating effect on the duration of individual growth phases, in particular on the “sowing to 

heading” period (Table 3).Thus, the duration of the sowing-heading period varied from 40 to 49 days 

for the Syr Aruy variety and from 42 to 49 days for Inkar. The latest onset of the heading phase was 

noted in the treatment with a high radiation dose of 250 ± 10%, in which the deviation from the 

control variant was 13 and 9 days for Syr Aruy and Inkar, respectively. Accordingly, this was 

reflected in the final indicator of ontogeny - the length of growing season. In the early season variety 

Syr Aruy with a growing season of no more than 75 days, the length of growing season prolonged in 

proportion to the increase in the radiation dose from 4 to 9 days. A similar situation was observed for 

the mid-season Inkar variety. It was revealed that the Inkar variety, in comparison with the Syr Aruy, 

significantly reduces productivity under the influence of mutagens, which indicates a significant share 

of the contribution of the genotype itself, i.e. dependence of the effect of a mutagen on the genetic 

nature of the genotype. 

There are different results and conclusion on the effect of seed radiation on germination rate 

and pattern reported by various similar studies worldwide. For example, Kazakova et al. (2020) and 

Volkova et al. (2020) found no significant differences between 0 and 20Gy treatments in pre-

treatment of barley seeds, while the length and weights of 100 Gy-treated roots and shoots were 

significantly lower than in the control. In our study all doses, including the least dose of radiation (50 

Gy) showed statistically significant difference compared with the control. Similarly, to our results 

Kumari and Singh (1996) observed inhibited germination of the seeds treated with higher doses. 

Zimmermann et al. (1996) and Thapa (2004) found that low doses of radiation of seeds stimulate 

faster germination and growth of roots and leaves. Kuzin et al. (1975) found that at low doses of 

irradiation (40Gy) this is might be due to activation of RNA synthesis. The inhibition of germination 

at high doses of the barley seed radiation is most probably associated with histological and cytological 
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changes; disruption and disorganisation of the tunica or seed layer that is directly proportional to the 

intensity of exposure to ɤ-rays as well as impaired mitosis or virtual elimination of cell division in the 

meristematic zones during germination (Lokesha et al., 1992). In our study high doses of γ-radiation 

obviously imposed an inhibitory distress effect (Volkova et al., 2020) on germination, growth and 

development of barley. 

 

Conclusions 
 

Generally, the morphological and growth properties of studied barley varieties were inhibited by 

irradiation with ɤ-ray seed pre-treatment where the higher dose resulted in greater inhibition of each 

phases of barley growth and development. The highest dose of 250 Gy showed most negative effects 

leading to the death of barley seedlings. The phenological phases were prolonged for the both early 

and mid-season studied varieties.The results of this preliminary experiment on the use of induced 

mutagenesis as a source for the creation of new initial forms will be applied to an expanded research 

with application of other ranges of ɤ-ray seed pre-treatment to find outan optimal range of irradiation 

and most suitable mutant lines. Taking into consideration that low-dose gamma irradiation has high 

potential positive effect on barley morphological, germination and yield characteristics and also 

tolerance to stresses, the further deeper studies of changes and behavior in molecular and genetic 

levels are perspectives. The aim of further research is to uncover the possibilities of synthetic 

breeding, to obtain mutant lines resistant to salt and drought stress, as well as to significantly reduce 

the time required for selection of new varieties by direct propagation of mutant lines with a complex 

of positive traits. 
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Извод 

Сматра се да је технологија гама зрачења врло обећавајућа за модификацију неких особина 

биљака. Ефекат гама-зрачења на клијавост, раст и продуктивност мутираног потомства јечма  

је изузетно значајан. Циљеви студије били су стварање новог изворног материјала за 

оплемењивање јечма у облику мутираних линија са пожељним особинама, третирањем семена 

јонизујућим зрачењем помоћу електронског акцелератора (Парк нуклеарних технологија JSC, 

Курчатов, Република Казахстан); као и да побољшање и проширење класичних метода 

оплемењивања заснованих на индукованој мутагенези, у стварању оригиналног генофонда 

материјала јечма за убрзано и ефикасно увођење сорти толерантних на стрес (заслањеност и 

сушу) у производним условима предела Аралског мора. Семе две сорте јечма третирано је са 

пет доза зрачења (од 50 до 250 Gy). Клијавост и поједине морфолошке карактеристике младих 

биљака у различитим фазама раста упоређене су са незраченим (контролним) третманом. 

Резултати овог прелиминарног истраживања показали су да су биљке чије је семе третирано 

гама-зрачењем реаговале на све дозе зрачења и да су испољиле потиснута морфолошка 

својства. Добијени резултати могу се применити као основа за даља истраживања и са другим 

дозама гама-зрачења семена биљака, како би се створила основа за јачање и примену 

целокупног оплемењивачког рада, за диверзификовану биљне производње у региону и 

побољшање карактеристика постојећег сортимента. 

 

Кључне речи: гама-зрачење, селекција, јечам, мутантне линије. 
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