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Abstract: The article presents the results of the γ-ray and fast neutrons impact on various rice species, in 

order to obtain mutant forms resistant to salinity (NaCl) and drought factors (sorbite). They are going to 

be used as initial forms in synthetic selection when creating varieties, adapted to the stressful conditions 

of, both, soil and climate in the Kazakhstan Aral Sea. The average lethal doses (LD50) of γ-rays and fast 

neutrons, as well as, the average NaCl and sorbite lethal concentrations were established. A distinct de-

pendence on the effect of ionizing radiation and stress factors on the number of induced resistant mu-

tant forms has been related to the initial rice variety. The largest number of mutant forms was obtained 

from the local variety Syr Suluy, followed by Leader and Aikerim varieties. Out of all varieties, only 1% 

of the initially irradiated by γ-rays seeds survived, while after fast neutron irradiation – 4,3%. M1 mu-

tant plants significantly differ from the initial forms in terms of morphological features – plant height, 

panicle length, and grain size. They are tolerant to lodging, and have short and highly sterile panicles, 

indicating that they are mutants. 
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1. Introduction  

 The Kyzylorda region is the main rice-growing region of the Republic of Kazakhstan. Located on 

the territory of the Kazakhstan Aral Sea region Kyzylorda is not spared by intensive desertification, sali-

nization and soil deflation [1–3]. Such harsh conditions are conducive to the creation of salt-and drought-

resistant rice varieties that are characterized by high productivity, initial growth intensity, diseases and 

pest resistance, as well as, and high grain quality [4–8]. 

 At the same time, there is a tendency to reduce the varietal diversity of rice, which significantly 

increases its genetic vulnerability. This occurrence is based on a genetic uniformity increase in rice spe-

cies. Therefore, the source material is of decisive importance and requires constant renewal, also, the in-

troduction of new economically valuable genes and their complexes into it. In order to achieve the set 

goals, one of the effective breeding methods is induced mutagenesis, which is considered all over the 

world as a source of creating fundamentally new forms  [9, 10]. That would facilitate the expansion of the 

synthetic breeding possibilities through the use of mutant forms in the hybridization process that have 

unique breeding and valuable traits. According to the Food and Agriculture Organization of the United 

Nations/International Atomic Energy Agency – Mutant Variety Database (FAO/ IAEA-MVD) data reports 

in 2022 on the developed and officially released mutants 40% of the cereal mutant species are composed 

of rice mutants [11]. In this regard, when breeding new rice varieties adapted to the stressful soil and cli-
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matic conditions of the Kazakhstan Aral Sea region, a significant role is played by radiation breeding. 

This technique makes possible the obtaining of mutant lines resistant to abiotic stress factors, as well, as 

lines with individual or a complex of positive traits [12–15]. 

 In recent years, scientists from various countries have begun to use intensively induced muta-

genesis [16, 17], including the use of gamma rays [18, 19] heavy ions [20, 21] and the use of salinity and 

drought factors [22], in order to create new forms of mutant lines resistant to stress factors. While gamma 

rays are the most used physical mutagen [17], neutron irradiation of the rice showed good results in the 

creation of mutants with various characteristics [23–26]. 

 Therefore, since 2021, we have begun research on the effect of γ-rays and fast neutrons on rice 

plants combined with salinity (NaCl) and drought (sorbite) on seeds of different varieties [27–31]. 

2. Materials and Methods 

 For the study three varieties of rice (the genus Oriza L) were selected: Aikerim, Leader and Syr 

Suluy. They are approved for use and are widespread in the Kyzylorda region of the Republic of Kazakh-

stan. Seeds of these varieties were subjected to different irradiation: γ-rays and fast neutrons. One of the 

goals was to determine the median lethal dose (LD50) for these varieties because in the literature there is 

no unambiguous data for them. 

 For conducting experiment the following certified guidelines and methodologies were applied: 

1. Guidelines for the study of the world collection of rice and the classifier of the genus Oriza L [32]. 

2. Methodology of the field experiment [33]. 

3. Methodology for conducting a variety testing for agricultural plants [34]. 

 Study was carried out in two stages: first stage was the selection of rice varieties and their seeds 

treatment with various doses of γ-rays and fast neutrons, as well as solutions of sodium chloride (0.5-1%) 

and sorbite (3.75-7.5%), in order to determine the optimal doses (LD50) of mutagens and the optimal salin-

ity and drought concentrations. The second stage was the selection of promising mutant lines resistant to 

salinity and drought, as well as their further study in laboratory and field conditions for the heritability of 

acquired traits and their breeding value. 

 To determine the median lethal dose, the seeds of the Syr Suluy variety were irradiated with 5 

doses of γ-rays (50, 100, 150, 200 and 250 Gy), and then the seeds of 3 varieties were irradiated with a me-

dian lethal dose (LD50). The γ-ray irradiation was conducted at ILU-10 - Electron Linear Accelerator in 

JSC "Park of Nuclear Technologies" (Kurchatov, Republic of Kazakhstan) with the following parameters: 

radiation energy, E, is 4 MeV; the avearage current value, Iav, is 6,84 мА. Range of absorbed doses 

was 200 Gy. 

 To determine the median lethal dose, the seeds of the Syr Suluy variety were irradiated with 5 

doses of fast neutrons (5, 25, 50, 75 and 100 Gy), then the seeds of 3 varieties were irradiated with a medi-

an lethal dose (LD50) using the EG-5 electrostatic generator from the Frank Laboratory of Neutron Phys-

ics, part of the Joint Institute for Nuclear Research (Dubna, RF) with the following parameters: neutron 

energy, E, was 4.1 MeV; deuteron beam current (reaction D(d,n)3He) – 1.7-2.0 μA with energy – 2.5 MeV; 

neutron flux intensity was 3×107 particles/cm2. 

 The radio sensitivity of seeds was determined based on growth indicators at the initial stage of 

ontogeny – the energy of germination and laboratory germination of seeds, the height and weight of 15-

day-old seedlings. 

 To establish the sensitivity to salinity and drought factors, unirradiated seeds of the Syr Suluy va-

riety were left to germinate in a thermostat. For NaCl aqueous solution concentrations were: 0; 0.5; 1.0; 

1.5; 2.0 and 2.5%, as well as 0.5; 10; 15 and 20% of sorbite. 
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 The variety sensitivity to salinity and drought and their median lethal concentration (LD50) were 

defined through the energy of growth and seed germination, as well as, the height and weight of the 15-

day-old seedlings. 

 Seeds of three varieties, irradiated with median lethal doses (LD50) of γ-rays and fast neutrons, 

were treated with average lethal concentrations of NaCl and sorbite. Also, the irradiated seeds were 

treated with half the LD50 concentration of each of the stress factors together.  

 To see the effect of the abiotic stress and irradiation control plants were treated as plants from 

processed seeds. 

3. Results 

 As a result of the research, it was discovered that the median lethal dose (LD50) of γ-rays for rice 

is 100 Gy, and for fast neutrons – 50 Gy. The median lethal concentration of NaCl is 1.0% aqueous solu-

tion, and for sorbite – 7.5% [22]. 

 In terms of seed germination, the largest numbers of germinating grains in all varieties were ob-

tained from NaCl variants when, irradiated with γ-rays (21.0-62.6%) and with fast neutrons (47.0-72.0%). 

The smallest number of germinating grains appeared with the sorbite treatment (Figure 1). 

 

Figure 1. Laboratory germination and survival of seeds treated with γ-rays, fast neutrons and salinity 

(NaCl) and drought factors (sorbite), 2022. 

However, 10 days after the seedlings' emergence, despite, the of seedling’s watering termination 

with NaCl and sorbite solutions, most seedlings began to die, especially gamma-ray irradiated species. As 

a result, 20 days after the seed’s germination in various experiment versions, only 1 to 30 plants remained 

alive. They were transplanted to paddy-fields in special containers, 35× 15 × 15 cm in size and filled with 

soil taken from the original paddy fields rice. 

At the same time, the largest number of surviving plants (3-30 pcs.) was observed in the Syr Suluy 

variety, followed by the Leader variety (1 -14 pcs.) and the smallest number turned out to be for the Ai-

kerim variety (1 - 6 pcs.). According to the number of surviving plants before to transplantation most dis-

tinguishable results were as follows: the Aikerim variety with NaCl (3 and 6 pcs.), the Leader variety with 

sorbite (6-12 pcs.) and NaCl + sorbite (8 and 14 pcs.), the Syr Suluy variety has variants with NaCl (9 - 30 

pcs.) and NaCl + sorbite (12 and 30 pcs.) 

Plants that survived gamma rays and fast neutrons treatment, as well as, salinization (NaCl) and 

drought (sorbite) factors and placed in the special paddy-field containers during their tillering phase, 

were further transplanted directly into the soil. During the growing season, phenological observations of 

plant growth and development were carried out, besides, two-time fertilization with nitrogen. Before 

harvest, the remaining plants were counted. All surviving plants were removed from the root for bio-

metric analysis and photographs. 

The results of the phenological observations revealed that almost all altered forms had interphase 

periods of prolongation and retardation in the growth and development of the plants, except for the indi-

vidual mutant plants of the cultivar Aikerim (Table 1). The observed very high level of panicle emptiness 

and low plant growth confirm the manifestation of mutational processes under the influence of ionizing 

radiation. 
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Table 1. Duration of interphase periods and vegetation period of M1 plants obtained after treatment of 

rice seeds with gamma rays, fast neutrons and salinization factors (NaCl) and drought (sorbite), 2022. 

Name of 

the variety 

Type of  

irradiation 

Salinization 

and drought 

factor 

Duration of the interphase period, days Growing 

season, 

days flooding of 

seedlings 

shoots - 

tillering 

tillering - 

earing 

 earing – 

full ripeness 

1 2 3 4 5 6 7 8 

Aikerim 

Leader 

γ – rays NaCl 13-14 33-35 31-32 43-45 119-125 

sorbite 13 33 32 43 121 

NaCl+ 

sorbite 

13 33 32 44 122 

Fast 

neutrons 

NaCl 12-13 32-34 33-35 43-46 120-128 

sorbite 13 32 35-36 44 124-125 

NaCl+ 

sorbite 

12-13 31-32 36-37 43-45 122-127 

Control - 12 32 30 42 116 

 

Syr Suluy 

γ – rays NaCl No shoots 

sorbite 12-13 33-35 31-33 44-46 120-127 

NaCl+ 

sorbite 

12-13 32-35 31-33 44-45 119-126 

Fast 

neutrons 

NaCl 12 34 33 45 124 

sorbite 12-13 32-33 31-33 44-16 119-125 

NaCl+ 

sorbite 

12-13 33-34 31-33 44-46 120-126 

Control - 12 32 31 43 118 

 γ – rays NaCl 11 32 30 41-42 114-115 

сорбит 11 33 30-31 42-43 116-118 

NaCl+ 

сорбит 

12 33 31-32 42-45 117-122 

Fast 

neutrons 

NaCl 10-12 31-33 31-34 41-44 113-123 

сорбит 10-11 32-33 32-34 42-45 116-123 
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NaCl+ 

сорбит 

11-12 31-33 31-35 43-46 116-126 

Control - 10 30 28 37 105 

 

Thus, when compared to control species under the same conditions (influence of ionizing radiation 

and salinization and drought) the extension of interphase periods resulted in the elongation of the vegeta-

tion period for the Aikerim variety by 3-12 days, for the Leader variety by 1-9 days and the Syr Suluy va-

riety by 9-21 days. It should be noted that all transplanted M1 plants, which were described and subjected 

to biometric analysis, were completely preserved at harvest. 

The biometric analysis results of mutant lines resistant to salinization and drought indicated that, de-

pending on the variety, irradiation type and stress factor, obtained mutants sharply differ, both from the 

original forms and among themselves in quantitative indicators of various traits (Table 2). 

 

Table 2. – Biometric characteristics of mutant M1 lines obtained after irradiation with ionizing radiation 

and treatment with salinization and drought factors, 2022. 

Name of 

the mutant 
Plant 

height, cm 

Bushiness, pcs. The main panicle Grain 

weight 

per 

plant, g 

General Productive Length, 

cm. 

Number of 

grains, pcs. 

Empti-

ness,% 

Grain 

weight, 

g 
full puny 

1 2 3 4 5 6 7 8 9 10 

Aikerim variety 

Control 121 4,4 4,4 19,6 107 42 28,2 3,17 11,79 

М1А-1-1-3 113-126 4-6 1 21,0-

24,0 

28-76 87-

118 

53,4-80,8 1,00-

2,58 

1,80-

4,75 

М1А-1-2-1 98,0 16 6 22,0 142 7 4,7 4,69 21,69 

М1А-1-3-1 112,0 11 3 25,0 66 102 60,7 2,31 4,33 

М1А-2-1-7 113-127 3-13 1-4 21,0-

25,5 

38-

156 

23-

130 

12,8-74,3 1,23-

5,11 

1,71-

18,26 

М1А-2-2-2 112-115 13-16 1-3 20,0-

26,0 

85-

116 

24-

126 

17,1-59,7 3,00-

3,85 

4,68-

16,31 

М1А-2-3-2 109-110 14-17 1-5 20,5-

23,0 

73-90 72-

129 

44,4-63,9 2,15-

3,21 

2,38-

14,20 

Leader variety 

Control 94 7,0 7,0 16,6 156 42 21,2 4,14 28,88 
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М1L-1-1-0 Absent 

М1:L-1-2-6 69-83 5-13 1-2 11,0-

14,5 

5-84 24-84 22,2-92,1 0,11-

1,96 

0,11-

4,59 

М1L-1-3-8 62-78 3-13 0-1 11,0-

13,5 

0-48 43-90 61,3-100,0 0,00-

1,19 

0,00-

2,57 

М1L-2-1-1 91,0 47 25 16,0 104 65 38,5 3,20 20,32 

М1L-2-2-13 55-78,5 2-14 0-3 10,5-

15,0 

0-81 22-

105 

24,4-100,0 0,00-

2,26 

0,00-

3,88 

М1L-2-3-16 53-79 1-19 0-4 11,0-

16,0 

0-98 31-91 24,6-100,0 0,00-

2,45 

0,00-

5,70 

Syr Suluy variety 

Control 88 5,2 5,2 18,0 86 35 28,9 2,84 13,25 

М1С-1-1-9 47-71 2-8 0-4 7,0-13,0 0-31 2-56 6,9-100,0 0,00-

1,08 

0,00-

3,29 

М1С-1-2-3 56-62 12-13 0-2 12,5-15 0-18 30-75 62,5-100,0 0,00-

0,55 

0,00-

0,75 

М1С-1-3-12 49-73 4-10 0-4 6,5-13,5 0-33 3-62 10,0-75,0 0,00-

0,99 

0,00-

2,77 

М1С-2-1-30 48-67 3-12 0-4 8,0-14,0 0-40 4-51 16,6-100,0 0,00-

1,29 

0,00-

3,39 

М1С-2-2-14 47-72 3-22 0-4 9,0-14,0 0-67 2-96 2,9-100,0 0,00-

2,29 

0,00-

5,82 

М1С-2-3-30 51-72 1-14 0-3 8,0-19,0 0-32 2-57 7,4-100,0 0,00-

2,07 

0,00-

5,00 

 

Where M1 is a mutant of the first generation;. 

A – Aikerim variety, C – Syr Suluy variety, L – Leader variety;. 

The first digit: 1 – γ- rays; 2 – fast neutrons. 

The second digit: 1 – NaCl; 2 – sorbite; 3 – NaCl + sorbite. . 

The third digit is the number of mutant plants. 

A significant number of resistant to stress factors mutants were obtained from Syr Suluy variety (98 

pcs.), then come the Leader (44 pcs.) and Aikerim (16 pcs.) varieties. The number of mutants originating 

from the γ- rays: the Aikerim variety – 10 pcs., the Leader variety – 14 pcs., the Syr Suluy variety – 24 
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pcs., total – 43 pcs. The number of mutants after the fast neutrons impact amount to 11; 30; 74 pcs, respec-

tively., in total – 115 pcs.  

Of these, those resistant to NaCl are: from the Aikerim variety – 10 pcs., Leader variety – 1 pcs. and 

Syr Suluy – 30 pcs. Resistant to sorbite: Aikerim variety – 3 pcs., in the Leader variety – 19 pcs. and the 

variety Syr Suluy – 17 pcs. Resistant to NaCl + sorbite: in the variety Aikerim – 3 pcs., in the variety Lead-

er – 24 pcs., in the variety Syr Suluy – 42 pcs. There is a significant difference between the mutants and 

the initial species in quantitative terms. Thus, the height of altered plants of the Aikerim variety actually 

changed in both directions, an increase of up to 127 cm and a decrease of up to 98 cm. Whereas the Lead-

er and Syr Suluy varieties, mutants were 11-41 cm lower than the originals (Fig. 2). 

 

 
  

Aikerim variety Leader variety Syr Suluy variety 

 

Figure 2. Photo of the control plants (on the left) and M1 plants distinguished by resistance to salinity and 

drought. 

 

Large fluctuation amplitude of indicators is observed in general and productive tillering for the mu-

tant species. The total productivity of mutants, therefore, ranged from 1 to 47 pcs., and 4.4-7.0 pcs. for the 

initial plants. At the same time, the mutants had very low rates of productive tillering (0-4 pcs.), com-

pared to the original species (4.4-7.0 pcs.). 

The main panicles of the altered Aikerim plants appeared to be 0.4-6.4 cm longer than the original 

form (19.6 cm). The shapes of the Leader and Syr Suluy varieties were 0.6-6.1 cm and 3.0-11.5 cm, respec-

tively, shorter than the initials. 

In 2022, a very high percentage of grain desolation was also observed in the initial forms (21.2-

28.9%). This was largely due to frequent interruptions in the supply of irrigation water during the flower-

ing of rice plants, especially mutant plants, which contributed to an acute grain fertility decrease. 

A similar pattern is observed for the weight of grain mass from all panicles and a single plant. 

According to the research results of the radiation mutagenesis method using selected factors such as 

salinity and drought, the obtained mutant forms are resistant to the stressful conditions of the Kazakh-

stan region of the Aral Sea. They are going to be used as initial material in synthetic breeding, as well as, 

in the cultivation of new varieties by direct propagation of altered species. Those species are with a com-

plex of economically valuable traits, including stress-resistant, characteristics. 
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4. Discussion 

It has been established during the irradiation of rice varieties like Aikerim, Leader and Syr Suluy 

that the average lethal dose of y-rays is 100 Gr, and for fast neutrons is 50 Gr. The average lethal concen-

tration for these varieties was NaCl – 1,0 %; sorbite – 7,5 %. 

The highest values of germination rates in all varieties were obtained on the variants: NaCl + gamma 

rays (21.0-62.6%) and NaCl + fast neutrons (47.0-72.0%). However, further, most of the seedlings died on 

the 20th day and in various variants there were only 1 to 30 plants that were transplanted into especially 

flooded rice checks. These plants were completely preserved until the end of harvesting. 

In the isolated plants, an extension of the interphase and vegetation periods from 3 to 21 days was 

observed, depending on the variety, type of irradiation and the factor of salinity and drought. 

The largest number of mutant lines resistant to stress factors were obtained in the Syr Suluy variety 

(98 pcs.), in the Leader varieties (44 pcs.) and Aikerim (16 pcs.). The number of mutants received from 

exposure of gamma rays was 10 pcs in the Aikerim variety, 14 pcs in the Leader variety and 24 pcs in the 

Syr Suluy variety. (a total of 43 pcs.), and from the effects of fast neutrons, respectively, amounted to - 11; 

30; 74 pcs., (a total of 115 pcs.). 

All the isolated M1 plants differ significantly from the original forms in morphological features – 

plant height, length and laceration of panicles. Most plants are characterized by stunting and dwarfism 

(40-80 cm), as well as shortness and high empty-grain (up to 100%) of panicles, which indicates that they 

are mutant forms that are resistant to salinity, drought or both stress factors. 

 

Funding: This research is funded by the Ministry of Agriculture of the Republic of Kazakhstan 

(No. BR10765056). 
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