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Comparative analysis of inheritable and modified variations induced by
gamma irradiation in the first and second generation of cotton

varieties Ganja-160, Ganja-182 and Ganja-183

Abstract. The main goal of the conducted research was to obtain cotton genotypes resistant to extreme 
environmental factors and various diseases, since high doses of γ-irradiation is a mutagenic factor. At the 
initial stage, before sowing, 1100 samples of plants whose seeds were treated with γ-rays in different doses 
were cultivated (in four parallel versions), the characteristics of the growing plants were studied, and the 
plants with changed signs were identified. At the end of the growing season, the raw cotton of 850 plants 
was collected by individual sampling and the transformed and untransformed plants in M1 were separated, 
their seeds were collected individually, stored and used for sowing as a family in the next planting (in M2). 
Changes in vegetation duration, main stem height, number of sympodial branches and number of bolls per 
bush of both M1 and M2 lineages were evaluated as the main criteria for determining the effectiveness of 
the mutation. In addition, the main economic characteristics and quality indicators such as the productivity 
of a bush, fiber yield, and fiber length, mass of raw cotton per boll were determined. It became clear 
that radiation can create certain changes in the first generation of all three varieties, some of which can 
be preserved in the second generation. In order to clarify whether the changes observed in the I and II 
generations are genetic (mutagenic) or just modification changes, the listed parameters are also planned to 
be studied in the next generations of plants.
Key words: Pre-sowing gamma irradiation of seeds, M1 and M2 generations of cotton varieties, economic 
characteristics and quality indicators. 

Introduction

Today, there is a great demand for new cotton 
varieties that are productive, fast-growing, resistant 
to diseases and pests, and have high fiber quality. 
From this point of view, the creation of new cotton 
varieties that can provide an intensive increase in 
cotton productivity and their application in farms is 
not only an urgent practical issue, but also a matter of 
scientific importance.

As it is known, one of the most effective methods 
for obtaining economically valuable starting material 
in cotton farming is experimental mutagenesis. 
Experimental mutagenesis is a methodical approach 
to create cotton varieties with desirable traits and is 
the best tool to intensify breeding efforts.

It is known that mutation, as well as modification 
variability, is a characteristic feature of all living 
things. Mutation can occur in any organism (including 
plants) even in natural conditions. Mutational 
variability can also be caused by external influence, 
more precisely, by changing the influence of external 
conditions on the organism. For this reason, types of 
mutagenesis are distinguished, such as natural (or 
spontaneous) and artificial (or induced).

Today, for obtaining plant genotypes resistant to 
pests and various extreme factors of the environment, 
as well as with better quality indicators, selection 
methods based on artificial, i.e., induced mutations 
are more preferred [1-4].

This method, called mutation selection, is 
significantly different in terms of time and cost from 
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mutations obtained through genetic engineering 
and allows to create targeted genetic changes. For 
example, since γ-irradiation accelerates the natural 
genetic mutation process, the time required for this 
process is significantly shorter [5]. Besides the vital 
role in plant breeding programs, a new role of induced 
mutations in releasing of gene silencing in transgenic 
plants has been reported [6].

Mutagenesis is known to be a powerful tool for 
creating new germplasm resources and elucidating 
the function of plant genes [7, 8]. Artificial mutagenic 
methods, such as T-DNA insertion mutations and 
various physical mutagens, have been widely used to 
create mutations in many types of plants [4]. 

Until recent years, breeders have preferred 
to obtain resistant plant forms (hybrids, lines and 
varieties) based on the use of chemical mutagens. 
Although these methods give good results, the 
substances used in some cases have toxic properties, 
require a lot of labor, and the process is expensive.

It is known that today radiation technologies are 
widely used in all fields of the national economy, 
including agriculture. This is due to such advantages 
as ease of use of radiation technologies, low cost, 
environmental friendliness, stimulating effect 
in small doses, high degree of neutralization of 
planting material, the absence of lethal outcome, 
minimization of damage to seeds during processing, 
absence of induced radiation, and reduced energy 
consumption, etc. For example, exposure of seed to 
ionizing radiations and the irradiation treatment of 
male pollen with low doses of gamma rays before 
cross-pollination resulted in the development of new 
genetic changes/variability in different crop species 
[3, 9, 10]. 

It is believed that one of the main and most 
common methods for producing mutant varieties is 
radiation-induced mutagenesis [3, 11, 12]. 

Gamma rays have both higher linear energy 
transfer and can transmit more energy to greater 
depths. For generating mutants, this type of irradiation 
also has several advantages, such as high mutation 
efficiency and a wide range of mutations [13]. 

Radiation mutagenesis is also widely used in 
cotton breeding. For example, cottonseeds irradiated 
by γ-rays have been used to obtain heat-resistant and 
early- maturing mutants [14]. Tong [15] tested cotton 
mutants for glyphosate resistance through 60Co-γ-ray 
mutation. In addition, Mu et al. [16] identified cotton 
mutants with chicken-foot leaves or gossypol-free 
glands, using 60Co-γ-ray radiation. Chen and Liu [17] 
found that laser processing of cotton can promote 

growth, increase yield, and improve cotton fiber 
quality.

Because γ-irradiation is a mutagenic factor in 
high doses, we started research together with well-
known cotton growers of our country to buy cotton 
genotypes that are resistant to adverse conditions and 
various diseases.

The aim of our research was to obtain mutant 
cotton lines resistant to various diseases and 
extreme environmental factors, based on radiation 
mutagenesis, and use them as a new starting material 
for selection.

Materials and methods

Ganja-160, Ganja-182 and Ganja-183 cotton 
varieties, regionalized by the Republican Agrarian 
Services Agency, were used as research objects.

Before sowing, cottonseeds were irradiated 
with Co-60 isotope in doses of 5, 10, 50, 100, 200, 
300, 400 Gy (dose rate was 0.342 Rad/sec) in the 
RUXUND-20000 (Russia) device at the “Isotope 
Sources of Radiation” Scientific-experimental 
complex. Non-irradiated seeds of these varieties 
were used as control options. 

Irradiated cotton seeds were sown together with 
non-irradiated ones (control) in Ganja Regional 
Agrarian Science and Innovation Center’s Samukh 
experimental base in open field conditions in 90 x 10 
cm scheme in 4 replication options (Figure 1).

Considering that experimental mutagenesis did 
not allow dilution, a limited number of seeds (2 units) 
were sown in each nest. It is known that dilution in 
the field violates the percentage of mutation yield and 
can also destroy plants that have changed in a positive 
direction, which is important for breeding process. In 
total, 100 seeds were used for each variant.

During the study, the effect of gamma radiation 
at different doses on the growth and development 
of cotton plants was studied by measuring 25 plants 
in each variant during the phases of mass budding, 
flowering, and maturation. At the end of the 
vegetation, the viability of plants was also studied.

Systematic phenological observations were made 
on plants during the entire vegetation period. At the 
end of the vegetation, altered plants were recorded 
in each variant, which differed from the original 
varieties in terms of phenotypic characteristics. Also, 
sterile, fertile, etc. forms of the plants have been 
identified. The collection of raw cotton began with 
the collection of samples. For this purpose, raw cotton 
of 20 bolls was collected from I and II places of II-V 
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bar branches of all plants on each repetition. After the 
raw cotton of the samples was collected, the modified 
and unchanged plants were collected as an individual 
sample. To determine the frequency of mutations, the 

number of mutations occurring in 100 families in M2 
of a 100-count sample in M1 was studied. Biometric 
analysis of all indicators, obtained in the study, was 
calculated according to Dospekhov [18]. 

Figure 1 – Visibility of the experimental area

Results and discussion 

At the initial stage (in M1) before sowing, 
plant seeds treated with different doses of γ-rays 
were cultivated in field conditions; phenological 
observations and biometric measurements were 
carried out during the vegetation period. The bio 
morphological characteristics of the plants were 
studied, and the plants with changed characteristics 
were identified. Changes in vegetation duration, main 
stem height, sympodial branches and the number of 
bolls per bush are known to be the main criteria that 
determine the effectiveness of the mutation. Based on 
what has been said, these parameters, as well as the 
main economic characteristics and quality indicators, 
such as the productivity of a bush, cotton fiber yield, 
fiber length, and the mass of raw cotton per boll, have 
been determined. 

In total, raw cotton of 1100 plants was collected 
by individual selection, and seeds of transformed 
and untransformed plants in M1 were collected 
separately, stored under special conditions and sown 
as a family in the next planting (in M2). In order 
to clarify whether the changes observed in M1 are 
genetic – mutagenic or simply modification changes, 
it is planned to study the plants not only in M2, but 
also in the subsequent generations.

We started the research by determining the bio 
morphological indicators, such as the vegetation 
period, the length of the plants, the number of bolls 
and sympodial branches on the bush of the first 
generation of all three cotton varieties.

The results obtained regarding the duration 
of vegetation, the length of the plants, the number 
of bolls and sympodial branches in one bush are 
reflected in Table 1.

From the results, the first thing that attracts 
attention is that for all three plants, at doses higher 
than 200 Gy, the duration of vegetation was about 
5-6 days longer compared to the control. It can be 
considered that radioactive radiation in these doses 
had an inhibitory effect on the development of plants 
and slowed down their development.

Of particular interest are the results on plant 
height. Medium doses of radiation caused the height 
of plants to increase. On the contrary, high doses of 
radiation caused them to become shorter.

The number of sympodial branches and the 
number of bolls per bush also showed a significant 
dependence on the radiation dose. Apart from 
minor deviations, it can be considered that the 
treatment of seeds at high radiation doses (200 Gy 
and greater) led to an increase in both sympodial 
branches and the number of bolls per bush. To 
be more precise, the number of bolls per bush 
at the radiation doses of 300 and 400 Gy was on 
average 5 more for Ganja-160, 4 for Ganja-182, 
and 3 more for Ganja-183 varieties compared to 
the control.

It was established that plants at higher doses 
also grew sparsely and developed a large number 
of side branches from the main stem. At high 
doses, plants were also characterized by a lack of 
chlorophyll.
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Table 1 – Dose-dependent change in the bio morphological characteristics of the M1 generation plants whose seeds were subjected to 
pre-sowing γ-irradiation.

Name of the variety Radiation doses, Gy Vegetation period, 
day Plant height, cm Number of 

sympodial branches
The number of bolls 

in one bush

G
A

N
JA

-1
60

0(C) 122 114.6 13.4 21.1

5 121 120.3 12.9 21.3

10 121 117.6 12.8 20.2

50 120 123.1 12.6 20.5

100 123 120.8 12.4 19.7

200 125 120.2 14.3 23.8

300 128 117.1 15.4 23.7

400 127 114.4 15.5 26.1

G
A

N
JA

 –
 1

82

0(C) 119 114.6 14.1 19.4

5 120 104.8 14.4 18.1

10 119 109.1 13.7 18.5

50 118 115.1 14.8 21.8

100 120 118.2 14.6 20.4

200 121 109.1 14.7 25.1

300 124 103.1 15.6 24.2

400 125 103.1 15.5 23.1

G
A

N
JA

 –
 1

83

0(C) 120 112.1 12.8 19.5

5 119 107.4 11.5 20.1

10 120 110.1 12.1 19.6

50 118 123.4 10.7 19.7

100 122 106.6 11.7 20.2

200 121 104.6 13.3 23.4

300 124 100.2 13.4 23.9

400 126 101.1 13.3 22.8

In general, it was not possible to find any regularity 
in the change of the height of the main stem and the 
number of sympodial branches, depending on the 
radiation dose. Simply, the phenological observations 
we conducted on cotton varieties showed that despite 
the normal development of all three varieties at low 
doses, at doses above 200 Gy the growth of plants 
slowed down, and they could not give normal output.

Our studies have shown that among the plants 
changed in M1 at high doses of radiation, there are fast 

– growing plants, plants with elongated oval, multi-
lobed cones, as well as plants with fruiting organs of 
3, 4 and even 5 bolls arranged in a cluster. In the first 
generation of plants at high doses of radiation, plants 
with a changed shape were also found, in which the 
development of the main stem stopped, the lateral 
branches lengthened, the stem was weak and densely 
pubescent, the leaves were deeply lobed and heart-
shaped, the bush was spreading, the distance between 
the joints was reduced (Figure 2).
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Figure 2 – The shape of the fruiting organ of plants

Gamma radiation also affected the shape of 
plant bushes. In fact, at high doses both compact 
and scattered plants were formed, as well as plants 
with a strong and branched trunk. At the same time, 
there were plants with fascinated branches and low-
growing plants. At high doses there was a definite 
change in the shape and number of bolls. Thus, we 
were able to register plants with grape-shaped, large 
and small bolls. The effect of gamma radiation on 
the number and shape of bolls in fruiting organs at 
high doses has been recorded. Bolls with a hairy, 
elongated ovoid body and sharp spouts were found 
at various radiation doses, mainly at doses above 200 
Gy.

At the end of the vegetation, in the M1 generation, 
the changed plants, which differ from the initial 
varieties in terms of their phenotypic characteristics, 
were recorded and the sterile, fertile, etc. forms of the 
plants were determined. Twelve visible phenotypic 
mutants were observed.

The results of these changes recorded in the M1 
generation of cotton varieties treated with γ-rays, as 
well as the number of late-maturing, early maturing, 
sterile and semi-sterile plants, are presented in Table 
2.

It is clear from the presented results that 
γ-irradiation can produce different types of variability 
at different doses.

The effect of γ-radiation on the shape of the bush 
in plants is more noticeable. Scattered bushy plants 
are observed in all three cotton varieties at doses of 
200 Gy and higher. A radiation dose of 300 Gy in this 
case produces plants that are more scattered. Plants 
with strong, branching stems are also preferred at 
these doses.

It is interesting that if at low doses of γ-irradiation 
(up to 100 Gy) compact plants were obtained, at high 
doses (200 Gy and above) both sparsely bushy and 
highly branched plants were observed.

Plants with branch fasciation were also mostly 
found at relatively high doses. Such doses, in addition 
to producing large boll plants, formed clustered boll 
plants. It has become clear that sterile and semi-
sterile plants are also more common in variants 
corresponding to high values   of γ-irradiation dose 
(doses of 200 Gy and higher). High doses of radiation 
could also affect the maturity of plants. Therefore, in 
these doses, the plants matured later. 

We believe that the presence of sterile, semi-
sterile and chlorophyll-less plants among the changed 
plants in M1 can be considered a sign of change. 
Plants with compact form, zero, first and pyramidal 
branching, as well as fast-growing, high-yielding 
forms are of special interest for practical selection.

The variability in M1 is assumed to be mainly 
modification variability. Thus, it is possible to 
detect rare dominant mutations in M1. Recessive 
mutations can be observed in M2 after self-
pollination. In M1, the seeds of both transformed 
and untransformed plants, as we already mentioned, 
were collected separately by individual selection 
and used for the next planting (for M2). At the end 
of vegetation, transformed and untransformed plants 
were also determined for M2 generation plants. In 
other words, the relevant mutants were screened in 
M2 generation.

The results (in absolute number and percentage) 
for the total number of families studied and the 
number of families changed in both M1 and M2 are 
presented together in Table 3 for comparison.
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Table 2 – Results on the number and type of variation recorded in the M1 generation of γ-irradiated cotton varieties
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G
A

N
JA

 –
 1

60

0(C)
5 1 1
10 2 1 1 1
50 3
100 3 1 1 3
200 2 2 5 7 1 5
300 4 5 4 2 3 4 3 3 1
400 3 1 4 5 5 4 3

G
A

N
JA

 –
 1

82

0(C)
5 1
10 1 2
50 2 1 3
100 4 2 1 3
200 1 3 7 5 3 5 4 1
300 4 6 3 3 5 2
400 1 1 3 3 2 3 3 1

G
A

N
JA

 –
 1

83

0(C)
5 2 1
10 1 1 2
50 2 1 1 3 5
100 3 3 2 4 4 3 1 1
200 1 2 5 2 2 6 5 4 2
300 3 4 3 3 4 1
400 1 1 1 2 2 2 3 2

From the data on the changes caused by gamma 
irradiation in two consecutive generations of cotton 
plants, it is clear that the number of changed plants in 
the M1 generation of plants prevails at high radiation 
doses. For example, the number of modified plants 
at irradiation doses of 300 and 400 Gy is 28-42%, 
22-33% and 35-70% of the total number of plants for 
the varieties Ganja-160, Ganja-182 and Ganja-183, 
respectively.

Some of the changes that occurred in the first 
generation of plants were also present in their second 
generation. It is clear from the results that 16 out of 22 

plants changed in M1 in Ganja-160 varieties of cotton, 
according to the radiation dose of 200 Gy kept their 
changed form in M2. 23 out of 28 plants that changed 
in M1 in the variant corresponding to 300 Gy radiation 
dose of this variety and 18 out of 25 plants in the 
variant corresponding to 400 Gy radiation dose kept 
their changed form in the next generation.

For Ganja – 182 cotton variety, those figures 
are 28(21), 23(19) and 17(13) at 200, 300, and 400 
Gy radiation doses, respectively, and for Ganja-183 
cotton variety, those numbers are again, respectively, 
29(21), 21(15) and 14(10).
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Table 3 – Data on the number of changes caused by gamma radiation in M1 and M2 generation plants of cotton varieties

Gamma-radiation 
dose, Gy

Number of studied 
families, pieces

Number of families 
changed in M1

Number of families 
changed in M2

Absolute number %, (x ± Sx) Absolute number %, (x ± Sx)
GANJA-160

0 (C) 316 - - - -

5 296 2 0.67 + 0.47 1 0.34 ± 0.3

10 292 5 1.71 + 0.76 3 0.68 ± 0.5

50 292 6 2.05 + 0.83 4 0.68 ± 0.5

100 268 8 2.98 + 1.04 5 1.12 ± 0.6

200 220 22 10.0 + 2.02 16 3.18 ± 1.2

300 100 28 28.0 + 4.49 23 15.0 ± 3.6

400 60 25 41.7 + 6.36 18 13.3 ± 4.4
GANJA-182

0 (C) 356 - - - -

5 352 1 0.40 + 0.34 1 0.28 ± 0.3

10 336 3 0.89 + 0.51 2 0.42 ± 0.3

50 292 6 2.05 + 0.83 5 0.68 ± 0.5

100 288 10 3.47 + 1.08 7 1.04 ± 0.6

200 272 28 10.3 + 1.84 21 4.41 ± 1.2

300 104 23 22.1 + 4.07 19 8.65 ± 2.8

400 52 17 32.7 + 6.50 13 11.5 ± 4.4
GANJA-183

0 (C) 336 - - - -

5 308 3 0.97 + 0.56 2 0.32 ± 0.3

10 316 4 1.26 + 0.63 2 0.63 ± 0.4

50 276 12 4.35 + 1.23 7 1.09 ± 0.6

100 240 21 8.75 + 1.82 15 3.33 ± 1.2

200 224 29 12.9 + 2.24 21 6.70 ± 1.7

300 60 21 35.0 + 6.16 15 13.3 ± 4.4

400 20 14 70.0 + 10.25 10 20.0 ± 8.9

The plants that kept their changed shapes in M2 
were also observed for Ganja-182 and Ganja-183 
varieties at the radiation dose of 100 Gy. At this 
radiation dose, the number of plants that retained the 
altered form in the next generation was 10(7) and 
21(15), respectively.

The results show that, in some variants, it was 
possible to detect the same type of altered plants, 
recorded in the first generation, in the second 
generation of plants. A certain part of them was 
initially assumed to be hereditary. These variations 
are recorded as mutational variations. The modified 
cultivar seeds will be used for planting in M3, and 

the nature of the variations will be determined. For 
this reason, those plants were collected separately, 
according to variants; their number was determined; 
and it was planned to study them in the third generation 
to determine whether the variation is hereditary.

The presence of variations in new traits was also 
found in the second-generation plants. The seeds of 
the plants with variations in the new traits were also 
collected separately, and it was planned to use them 
for planting in M3 and to determine the nature of the 
variations.

Taking into account that the productivity of one 
bush, the mass of raw cotton in one boll, fiber yield, 
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fiber length and strength are important quantitative 
and qualitative indicators of cotton, we clarified 
the effect of γ-irradiation on the quantitative and 
qualitative indicators of both generations of the 
studied cotton varieties. At the same time, it was also 
considered that the mentioned indicators may change 
depending on agro technical measures, abiotic and 
mutagenic factors. For this purpose, raw cotton of 20 
bolls from the I and II places of the second to fifth 

sympodial branches at the end of vegetation for both 
generations of plants was collected by individual 
sampling, and parameters, such as yield of one bush, 
mass of raw cotton in one cone, fiber yield, fiber 
length, were determined.

Table 4 presents the results of the quantitative 
and qualitative changes observed in the M1 and M2 
generations of cotton varieties whose seeds were 
treated with γ-rays.

Table 4 – Quantitative and qualitative changes observed in M1 and M2 generations of cotton varieties whose seeds were treated with 
γ-rays

The name 
of the 
variety

Radiation 
dose, Gy

Productivity of one 
bush, g

The mass of raw cotton 
in one boll, g Fiber yield, % Fiber length,

mm
M1 M2 M1 M2 M1  M2 M1  M2

G
A

N
JA

 –
 1

60

0(C) 132.9 126.6 6.3 6.0 34.2 35.0 34.6 33.5
5 129.9 121.4 6.1 5.7 36.7 36.4 34.9 34.2
10 127.3 129.3 6.3 6.4 36.4 36.6 33.8 34.0
50 131.2 125.1 6.4 6.1 36.2 36.6 34.5 32.4

100 128.1 112.3 6.5 5.7 35.9 34.6 33.6 31.4
200 145.2 133.3 6.1 5.6 36.5 37.8 33.3 31.6
300 161.2 146.9 6.8 6.2 35.5 38.3 33.6 31.4
400 177.5 140.9 6.8 5.4 36.5 38.5 32.3 31.5

G
A

N
JA

 –
 1

82

0(C) 126.1 116.4 6.5 6.0 34.5 35.4 34.1 33.7
5 119.5 126.7 6.6 6.1 34.8 35.8 34.1 34.4

10 114.7 112.9 6.2 6.1 34.6 34.9 33.5 33.7
50 128.6 135.2 5.9 6.2 37.2 37.1 33.7 34.2

100 126.5 126.5 6.2 6,2 35.4 37.6 33.2 32.5
200 163.2 130.5 6.5 5.2 34.0 40.2 33.9 32.0
300 159.7 140.4 6.6 5.8 34.9 39.2 33.4 31.2
400 143.2 138.6 6.2 6,0 34.0 39.0 34.1 31.3

G
A

N
JA

 –
 1

83

0(C) 126.8 115.1 6.5 5.9 36.6 36.8 34.2 34.5
5 126.6 116.6 6.3 5.8 37.9 37.7 33.2 32.1

10 131.3 111.7 6.7 5.7 37.2 38.9 32.6 30.2
50 130.0 108.4 6.6 5.5 35.7 37.0 33.4 28.4

100 123.2 123.2 6.1 6.1 34.9 37.2 32.4 30.4
200 154.4 135.7 6.6 5.8 34.6 32.6 31.7 31.6
300 153.0 133.8 6.4 5.6 33.7 34.5 33.0 28.7
400 143.6 125.4 6.3 5.5 33.5 33.1 31.9 31.5

It is clear from the results that the treatment of 
seeds with γ-rays before sowing can cause certain 
quantitative and qualitative changes in the M1 
generation of cotton, and some of these changes 
can be preserved in the next generation. A change 
(increase) in the productivity of a bush is mainly 

observed at high doses. For example, if the average 
yield of one bush was 132.9 g in the control variant 
of the M1 generation of the Ganja-160 cotton 
variety, the yield increased at doses of 200, 300 
and 400 Gy, and became 145.2, 161.2 and 177.5 g, 
respectively.
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It is interesting that the increase in the productivity 
of a bush at high radiation doses was preserved in the 
II generation of this variety. Simply, the difference 
was that in this case the magnitude of the increase 
was relatively small.

Another interesting fact is that similar dependence 
on radiation dose was observed for Ganja-182 and 
Ganja-183 varieties. In the first generation of the 
Ganja-182 variety, the mass of cotton per bush was 
163.2, 159.7, and 143.2 g at doses of 200, 300, and 
400 Gy, respectively (the yield of the control sample 
was 126.1 g), and the productivity of the Ganja-183 
variety at those doses was 154.4, 153.0, and 143.6 
g, respectively (the yield of the control sample was 
126.8 g). The high yield of cotton in doses of 200, 
300 and 400 Gy was maintained in the II generation 
of these varieties with a slight difference.

In their studies, Muthusamy and Narayanasamy 
[2] also exposed two varieties of cotton to different 
doses of γ-rays (at doses of 100, 200, 300, 400 and 
500 Gy). Moreover, the selected traits of each mutant 
also showed higher yield traits in each generation 
than the parental varieties.

A large number of phenotypic variations was 
observed in the studies of Zhao et al. [19]. The authors 
examined three successive generations of cotton and 
identified variations, including changes in cotton 
fiber color, plant dwarfing, significant improvements 
in yields, and increased susceptibility to Verticillium 
wilt. These results indicate that radiation mutagenesis 
is an effective and feasible method for generating 
plant mutant libraries.

The high productivity of mutant cotton, obtained 
as a result of radiation mutagenesis, was also 
confirmed in the studies of Aslam et al. [3].

Now let’s clarify the results we got about the 
mass of raw cotton of a boll. It is known that the most 
valuable part of the cotton plant is raw cotton. That 
is, when we say raw cotton, we understand the cotton 
seed and the complex of fibers covering it.

The general picture in our results regarding 
the mass of raw cotton per boll is that for all three 
cotton varieties, there were no significant changes 
in the dependence of this parameter on the radiation 
dose, except for small deviations. Only in one case, 
a significant increase in the mass of raw cotton 
of a boll was observed for Ganja-160 variety at 
300 and 400 Gy irradiation doses. In these doses, 
the mentioned parameter was 0.5 g more than the 
control.

In the second generation of cotton varieties, there 
was no change in the mass of raw cotton per boll, 
depending on the radiation dose. In other words, the 

mass change that occurred in the I generation was not 
maintained in the II generation.

Like the mass of raw cotton per boll, fiber yield 
(the part of the raw cotton that has been separated 
from the seed) is also an important economic 
indicator of cotton.

From the results presented in the table, it is clear 
that the dependence of fiber yield on the radiation 
dose in the M1 generation is different in different 
cotton varieties. In fact, fiber yield for Ganja-160 
variety was about 1.5-2.5% more than the control 
at all irradiation doses. In the II generation of this 
variety, the fiber yield increased more, and the 
increase was 2.8, 3.3 and 3.5%, respectively, at 200, 
300 and 400 Gy irradiation doses compared to the 
control.

Our results show that there is no significant 
dependence of the fiber yield of the experimental I 
generation varieties of the Ganja-182 variety on the 
irradiation dose. In only one variant (dose 50 Gy), 
the fiber yield was 2.7% higher than in the control. 
This result can be considered an experimental error. 
However, in the II generation of this variety, an 
increase in approximately the same amount of fiber 
yield at the same dose gives reason to believe that 
in this case there may be a stimulating effect. It is 
interesting that at doses of 200 Gy and higher, there 
was no obvious dependence of the fiber yield on 
the radiation dose for the I generation of Ganja-182 
variety, but a significant increase in the fiber yield 
of the II generation of this variety was observed at 
appropriate doses. More precisely, fiber yield was 
4.8, 3.8, and 3.6% higher at 200, 300, and 400 Gy 
doses than the control, respectively.

The dependence of fiber yield on irradiation dose 
was completely different for Ganja-183 variety. In 
fact, in this case, the increase in radiation dose in 
the first generation of the plant caused a small-scale 
increase in fiber yield, and then, on the contrary, a 
decrease. The tendency of fiber output to change in 
this form was also maintained in the II generation of 
this variety.

It should be noted that the length of the fiber is 
one of the most important economically valuable 
technological characteristics of the cotton plant, 
and the quality of the fiber is mainly determined by 
this characteristic. In the textile industry, as a raw 
material for various types of fabric products, fiber is 
evaluated according to this indicator.

Like cotton fiber yield, fiber length can also vary 
under the influence of various agro ecological factors. 
Changes in water and nutrient regimes, disruption of 
the agro technological process, and various mutagenic 
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factors can affect fiber length. The length of the fiber 
can vary depending on both the variety and the layers 
of the bolls on the plant.

Table 4, which we present, also shows the results 
on the dependence of the fiber length on the radiation 
dose for both generations of all three cotton varieties.

It can be seen from the table that in the first 
generation of the Ganja-160 variety, there was no 
change in the dependence of the length of the fiber on 
the radiation dose in the dose range of 0-50 Gy while 
a slight decrease trend was observed in the dose range 
of 100-400 Gy. A similar change occurred in the II 
generation of this variety. Simply put, the decrease 
in fiber length was relatively large in this generation. 
Thus, if in the M1 generation the decrease in fiber 
length was 1.0, 1.3 and 2.3 mm at doses of 200, 300 
and 400 Gy, respectively, then in the M2 generation 
this decrease was 1.9, 2.0 and 2.1 mm.

Except for small deviations in the length of the 
fiber of the M1 generation of the Ganja-182 and 
Ganja-183 varieties, which are within the error of 
the experiment, almost no change has occurred. 
However, in the second generation of these cotton 
varieties, fiber length was shortened at doses of 300 
and 400 Gy.

Changes in parameters, such as fiber yield and 
fiber length in mutant forms of cotton obtained based 
on the use of radiation technologies, have been 
confirmed in other works [3, 20-23].

Current work is continuation of research results 
of which were previously broadcasted in the journal 
[24].

Conclusion

Visible phenotypic variations in the amount of 
850 plants were selected from 1100 M1 populations 
at the end of the growing season, using individual 
selection. Individual selection is of particular 
importance for the source material, on the basis of 
which the selection of economically valuable mutant 
forms will be carried out in subsequent generations.

Seeds of stably inherited mutants were saved 
for sowing the next generation of M3 cotton. It is 
also planned to study the M4 and M5 generations 
of these plants in order to obtain resistant forms to 
various diseases and environmental stress factors. In 
other words, we continue our strategy of detecting 
phenotypic changes. We hope that radiation 
mutagenesis, which is an effective and feasible 

method for creating libraries of plant mutants, will 
make it possible to obtain cotton mutants with stable 
heritable traits.

The selection of more valuable forms will be 
carried out by studying the observation of a single 
mutant trait or a complex of positive traits in a hybrid 
generation. Selected mutant hybrids will be studied 
for their breeding and agricultural value. According 
to the characteristics of mutation selection, stable 
mutants with one or more selection characteristics 
preserved in subsequent generations will be crossed 
with the original varieties (or with each other). That 
is, hybridization will be carried out according to the 
accepted method.

It is clear that the creation of mutant forms of 
cotton is of great practical importance since this 
allows for genetic improvement of cotton and the 
creation of new varieties. It should be noted that 
although traditional breeding methods have made 
a great contribution to the cultivation of cotton 
varieties, they have led to significant loss of genetic 
potential and increased susceptibility to pests [25]. 
Therefore, expansion of the genetic background 
through mutations can diversify functional genes, 
create new traits, and generate more germplasm 
resources [26]. In addition, a library of mutants is 
of great importance for studying gene function since 
acquired traits, such as fiber length, stem height, 
harvest quantity, leaf morphology, fiber color and 
other mutants, can greatly contribute to genetic 
breeding and basic research in cotton [19].

Summarizing the data we obtained from two 
generations of cotton, we can conclude that, in 
general, radiation produced many types of mutants, 
some of which had positive traits. We suggest that 
these forms can be used as germplasm to improve the 
properties of cotton.
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