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Abstract: The work is devoted to the study of mutations and modifications caused by radioactive
radiation in the M generation of Ganja-160, Ganja-182, and Ganja-183 cotton varieties treated with
gamma rays in doses of 5, 10, 50, 100, 200, 300, and 400 Gy before sowing.

Results on the effect of gamma radiation treatment on seed germination and plant viability, as well
as on the biomorphological characteristics of plants (vegetation duration, height, number of sympodial
branches, number of cones per bush) have been obtained. At the end of the vegetation, altered plants were
recorded in the M generation, which differed from the original varieties in terms of phenotypic
characteristics in each variant, and sterile, semi-sterile, fertile, and chlorophyll-free forms generated in the
plants were identified. It turned out that gamma radiation at high doses can also affect the number (3, 4, or
even 5 cones in a fruit organ) and the shape (main body hairy, oblong, ovate, sharp-nosed cones) of cones
in the fruit organs.

In the end, the raw cotton of the modified (different from the original varieties in some respects)
and unchanged plant samples were collected as individual samples. The aim was to sow these seeds as a
family in M and select a breeding material to obtain mutant forms that are resistant to adverse conditions
and various diseases based on radiation technology.
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1. Introduction

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

As it is known, breeding methods based on artificial, ie induced mutations are preferred to
obtain plant genotypes that are resistant to pests and various extreme environmental factors, as
well as have better quality indicators [1; 2]. This method, called mutation breeding, is somewhat
random, unlike mutations, which are obtained by genetic engineering and allow for purposeful
genetic modification [3].

Up to date, various methods have been used for plant breeding by mutation. Until recent
years, breeders have preferred to obtain sustainable forms of plants (hybrids, lines, and varieties)
based on the use of chemical mutagens. For example, it has been possible to obtain a pest-
resistant and fast-growing cotton variety based on chemical mutagenesis [4]. Although these
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methods give good results, they are not only unpleasant in some cases, such as the toxic
properties of the used substances, but also labor-intensive and expensive (high cost) processes.

Today, the use of radiation technologies in all sectors of the economy, including
agriculture, has become widespread. The main reason for the widespread use of radiation
technology in recent years is its simplicity, low cost, being environmentally friendly technology,
and having many advantages in small doses (having a stimulating effect, high degree of
neutralization of planting material, lack of lethal end to planting material, minimizing seed
damage during processing, absence of induced mutation, reducing energy consumption) [5; 6].

In agriculture, as is known, radioactive radiation is used for 3 main purposes. These
include the low-dose irradiation of plants themselves or their seeds before sowing to stimulate
the growth and development of plants, the use of radiation sterilization methods to protect
agricultural crops from pests, and the use of ionizing radiation for radiation mutagenesis and
plant breeding.

The latter direction is based on the fact that radioactive radiation is a mutagenic factor,
and in this direction, it is possible to obtain plant genotypes that are resistant to adverse
conditions and various diseases. For this purpose, plant sprouts or plant seeds before sowing are
irradiated with gamma rays in relatively high doses, then the irradiated material is cultivated and
new planting material, ie seeds or seedlings, is obtained from them. Then the characteristics of
the growing plants are studied. Subsequent generations of plants with changed characteristics are
also studied. As the application of gamma radiation accelerates the process of natural genetic
mutation, the time required for this process is significantly reduced.

Based on radiation mutagenesis, it was possible to obtain a mutant corn line, which was
resistant to diseases such as blister smut, fusarium wilt, white rot, and this group of diseases [7].

Research has also been conducted to study the joint effect of gamma radiation with
chemical mutagens. For example, to obtain genetic diversity, it has been used joint treatment of
cotton seeds and pollen with gamma radiation and chemical mutagens before intra-varietal and
inter-varietal cross-linking and it was possible to obtain a morphologically stable line that is
productive, resistant to wilt disease, and has high economic value [8].

Today, there is a great need for scientific research to ensure the dynamic development of
raw cotton production in our country, to stimulate the creation of new varieties of cotton that are
productive, fast-growing, disease and pest resistant, and high fiber quality for meeting the needs
of the textile industry. It is no secret that the pace of development of society requires the
development of the cotton industry, which is a valuable raw material not only for the textile
industry but also for various sectors of the economy in general. From this point of view, it is
necessary to create new high-potency cotton varieties and apply them to farms as a progressive
method that can ensure intensive growth of cotton productivity.

It is clear from the results of research conducted so far that one of the most effective ways
to obtain valuable farm raw material in cotton is experimental mutagenesis. Experimental
mutagenesis, which is widely used in genetics and breeding research, is known to be used to
intensify breeding work [9, 10]. Studies show that there are few new methodological approaches
to the creation of cotton varieties with the desired characteristics by experimental mutagenesis,
many problems of mutation breeding are still unresolved and there is a great need for them
today.

Our research aims to create hereditary variability in cotton seeds under the influence of
gamma rays, as well as a new starting material for breeding.
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2. Materials and methods

As objects of research, it was used three cotton varieties (Ganja - 160, Ganja - 182, and
Ganja - 183), were obtained from the self-pollination of seeds within 2 years and regionalized by
the Agrarian Services Agency.

Ganja - 160 varieties were regionalized in 2016. This variety is more productive,
drought-resistant, and has high fiber quality, ie high fiber quality that meets the needs of the
textile industry, which is very important for the production of high-quality fabric. The vegetation
period is 120 days. The harvest begins in late August and ends in the first decade of October.
The vegetation period of foreign varieties lasts until December.

Ganja - 182 varieties were regionalized in 2018. This variety is the fastest-growing
cotton variety. The vegetation period is 115 days. Compared to the Ganja-160, the body is
compact, the cones are closer to the body and are very convenient for harvesting by machine.

Ganja - 183 variety is regionalized in the republic in 2020, and fiber yield is high (42%).
It can compete with foreign varieties with a fiber yield of 42-43%. It is highly productive,
branched, and has 2 types of branching.

All three varieties are suitable for local soil-climatic conditions, are fast-growing and
productive

Before sowing, cotton seeds were treated with gamma rays in doses of 5, 10, 50, 100,
150, 200, 300, and 400 Gy with the help of Co-60 isotope in the RUXUND-20000 device in the
Scientific-Experimental Complex “Isotope Radiation Sources” of the Institute of Radiation
Problems of ANAS (capacity was 0.342 Rad/sec in all cases (Figure 1)).
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Fig. 1. Preparing seeds for irradiation

Non-irradiated seeds of these varieties were used as a control variant. Irradiated cotton
seeds together with non-irradiated ones were sown in the experimental base of Ganja Regional
Agrarian Science and Innovation Center in open field conditions in the second decade of April
according to the 90x10 cm scheme, in 4 repetitions with 100 seeds in each variant. Considering
that experimental mutagenesis did not allow dispersion, a limited number of seeds (2) were sown
in each nest. As is well known, dispersion in the field can lead to a violation of the mutation rate
and the destruction of important, positively altered plants.
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At the end of the vegetation, the raw cotton of 20 cones from the 1%tand 2" places of the
2"-5M sympodial branches of plants in each variant, as well as the raw cotton of all plants in the
experimental field were collected as individual selection.

3. Results and their explanation

A few days after sowing, field germination of seeds was recorded.
The results obtained on the germination capacity of cotton seeds have been presented in
Table 1.
Table 1
Indicators of the effect of gamma radiation treatment of seeds on their ability of field
germination and plant viability

" Seed germination ability The viability of plants
E Radiation A number Seed germination Number of Number of
E doses, Gy of seedlings, | percentage (x + sx) plants, plants, in
numb. in numbers percent (X+sx)
Ganja-160
1 Control 320 80 +2.50 316 79 +2.58
2 5 312 78 +2.65 296 74 +2.96
3 10 308 77 +2.73 292 73 +3.04
4 50 300 75 +2.89 292 73 +3.04
5 100 280 70 +3.27 268 67 +3.51
6 200 260 65 +3.67 220 55 +4.52
7 300 140 35 +13.63 100 25 +8.67
8 400 72 18 +21.34 60 15+11.90
Ganja-182
9 Control 364 91 +1.57 356 89 +1.76
10 5 364 91 +1.57 352 88 +1.85
11 10 348 87 +1.93 336 84 +2.78
12 50 308 77 +2.73 292 73 +3.04
13 100 312 78 +2.65 288 72 +3.12
14 200 308 77 +2.73 272 68 +3.43
15 300 120 30 +7.64 104 26 +8.43
16 400 76 19 +10.32 52 13+12.93
Ganja-183
17 Control 344 86 +2.02 336 84 +2.48
18 5 328 82 +2.34 308 77 +2.73
19 10 320 80 +2.50 316 79 +2.58
20 50 312 78 +2.65 276 69 +3.35
21 100 284 71 +3.19 240 60 +4.08
22 200 276 69 +3.35 224 56 +4.43
23 300 104 26 +8.43 60 15 +11.90
24 400 36 9 +15.90 20 5+20.00

Note: Seeds were sown in 4 repetitions with 100 seeds in each variant
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The results show that the treatment of seeds with gamma rays before sowing clearly
affects their ability to germinate in the field. More precisely, an increase in the radiation dose has
a negative effect on the ability of seeds to germinate.

In the following stages, the duration of the development stages of flowering and
maturation of plants in the My generation, as well as the rate of opening of the cones were
determined. By measuring 25 plants in each variant, it has been studied the effect of gamma
radiation on the growth and development of the cotton plant during the mass budding, flowering,
and growth phases, and on the viability of the plants at the end of the vegetation.

It is known that one of the main biological characteristics of various plants, as well as
cotton, is their viability. When seeds are treated with gamma rays, the viability of plants is the
process of regenerating plants after cell damage caused by gamma rays. From our systematic
observations of all phases, it became clear that during the growing season, seedlings, unlike
control plants, appear irregularly in the experimental variants, and are also delayed by 3-5 days
(Figure 2).
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Fig. 2. View of cotton plants grown in the experimental field of the Department of Technical Plant
Breeding.

It is clear that there are obvious differences in the viability of plants grown from
irradiated seeds compared to control plants (Table 1). Thus, increasing the radiation dose has a
negative impact on the viability of plants. At doses higher than 200 Gy, the effect of gamma
radiation on both seed germination and plant viability for all three studied varieties was more
dramatic. For example, at a radiation dose of 400 Gy, the germination of seeds and viability of
plants are respectively 4.4 and 5.2 times less for Ganja-160 variety, 4.7 and 6.8 times less for
Ganja-182 variety, and 9.5 and 16.8 times less for Ganja-183 variety.

In the variants suitable for high radiation doses, the number of damaged seedlings was
also high, and the kernel leaves became noticeably thicker and deformed by changing their
shape. Also, the emergence of true leaves was delayed, the root system was not able to form the
plant properly, and at different times of the growing season, these seedlings disappeared. Some
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of the seedlings remained in the form of kernels for a long time. At high doses of gamma
radiation, poorly formed plants were also observed (Figure 3).

Fig. 3. Diversity of plant formation

Changes in the duration of vegetation, the height of the main trunk, and the number of
sympodial branches and cones in one bush are considered to be the main criteria in determining
the effectiveness of mutagenic factors. The results of our research in this area have been
presented in Table 2.

Table 2
Results on the effect of gamma radiation treatment of seeds on biomorphological parameters of
plants.

% Radiation doses, Vegetation Height of Number of The number of
& Gy period plants sympodial cones in a
> branches branch
1 Control 122 114.6 13.4 24.48
2 5 121 120.3 16.9 22.3
3 2 10 121 117.6 19 20.2
4 - 50 120 113 12.56 17.52
5 '% 100 123 130.8 14.4 14.1
6 o 200 125 130.2 13.28 13.84
7 300 128 117 154 10.72
8 400 127 134.4 13.48 14.12
9 Control 117 114.6 13.96 19.36
10 5 120 104.8 104 15.12
11 N 10 119 109 12.72 18.48
12 - 50 118 115 14.8 21.76
13| = 100 120 1082 12.64 20.36
% |8 200 121 109.1 14.7 15
15 300 124 103 13.64 14.2
16 400 125 103 15 13
17 Control 120 112 12.8 21.48
18 5 119 107.4 10.52 16.12
19 | = 10 120 110.1 12 19.6
20 | = 50 118 103.4 9.72 16.68
21 '% 100 122 106.6 11.68 23
22 o 200 121 114.6 13.24 20.4
23 300 124 100 13.4 13.9
24 400 126 105 12.25 19.8
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The presented results suggest that the listed parameters are sensitive to the effects of high
doses of radioactive radiation. More precisely, the effect of gamma rays at high doses (more than
200 G) causes a significant prolongation of the vegetation period of all three varieties of cotton.
It can be considered that at these doses, radioactive radiation slows down the growth of plants by
inhibiting their development.

The effect of gamma rays at high doses was also able to significantly affect the number of
cones in a bush. Thus, at 300 and 400 Gy radiation doses, the number of cones in one bush was
12 pieces less for Ganja -160 variety, 7 less for Ganja -182 variety, and 5 less for Ganja -183
variety compared to the control ones.

It was not possible to find any regularity in the change in the height of the main body and
the number of sympodial branches, which depends on the radiation dose.

Our phenological observations on cotton varieties showed that despite the normal
development of all three varieties at low doses, the growth of plants is delayed at doses above
200 Gy, and they can not perform normally. At high doses, the plants also grew sparsely and a
large number of side branches grew from the main trunk (Figure 4).

Systematic phenological observations were made throughout the vegetation period in the
M1 generation. At the end of the vegetation, in each variant, altered plants differing from the
original varieties in terms of phenotypic characteristics were recorded, and sterile, fertile, etc.
forms generated in the plants, have been identified. It was found that sterile and semi-sterile
plants are more common in variants with high values of gamma radiation doses (Figure 5).

Plants at high doses are also characterized by a lack of chlorophyll. In addition, the leaves
of the plants turn green until the 2-3"@ main leaves are formed, and the others are destroyed.

We believe that the presence of sterile, semi-sterile, and chlorophyll-free plants among
the modified plants in M1 can be considered as the occurrence of variability.

Fig. 4. Branching diversity of plants
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Fig. 5. Chlorophyll diversity of plants

Our observations showed that among the plants that changed in high radiation doses in
My, there are also plants that are fast-growing, elongated, and oval-shaped, having multi-slice
cones, 3, 4, and even 5 cones clustered in a fruit organ, with elongation of lateral branches,
stopping the development of the main trunk, with a trunk weak and densely hairy, with a large
flower base, with leaves deeply sliced and heart-shaped, with large and small cones, with a
scattered bush, as well as with altered shape, shortened inter-joint distance (Figure 6).

// _i Ll
Fig. 6. Shape of fruit organs

The effects of gamma radiation, especially at high doses, have also affected the number
and shape of cones in the fruit organs.

Cones with the hairy, elongated, ovate, sharp-nosed main body were found at different
radiation doses, especially at doses above 200 Gy (Figure 6, 7).
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Fig. 7. Cones in different shapes

30



It should be noted that plants with compact, zero, first, and pyramidal branches, as well as
fast-growing, high-yielding forms, are of particular interest for practical breeding.

In the experiment, biomorphological indicators such as vegetation period of all three
cotton varieties, plant height, the number of cones, and sympodial branches in the bush were
determined.

Plants that differed in some of the initial varieties were selected, and their
biomorphological and economic characteristics were analyzed. After the raw cotton of the
samples was collected, the modified and unchanged plants were collected as an individual
sample. The goal is to collect the seeds of both modified and unchanged plants separately in M1
and sow them as a family in Mo. In total, 850 pieces of raw cotton from the plant were collected
by individual breeding and their economic indicators such as fiber yield, fiber length, fiber
strength, the weight of raw cotton in one cone, etc. are systematized for analysis in the
laboratory. To determine whether the observed changes were genetic (mutagenic) or simply
modified, the seeds were taken from these plants and stored for further sowing. It is also planned
to conduct research in the 2", 3%, and 4" generations of these plants and to study their resistance
to various diseases and environmental stressors for the breeding of plants, ie mutant forms with
different characteristics that can be passed on to subsequent generations. Depending on the
characteristics of mutation breeding, stable mutants stored in subsequent generations with one or
more breeding traits will be crossed with the initial varieties (or among themselves), ie
hybridization will be carried out according to the accepted methodology. The breeding of more
valuable forms will be made by studying the observation of a separate mutant trait or a set of
positive traits in a hybrid generation. Selected mutant hybrids will be studied according to basic
breeding and economic value.
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MOJYYEHHUE MYTAHTHBIX ®OPM XJIOIIKA HA OCHOBE PA TMALTMOHHOM
TEXHOJIOI'NA

N.U. 3eiinanoBa, A.A. Tarues, J3.C. [I:xadaposn

Pe3tome. Pabota mocBslileHa W3yYCHUIO MYTalMOHHBIX U MOIU(HUKAIIMOHHBIX W3MEHEHUH, BBI3BAHHBIX
pPaIMOaKTUBHBIM H3IMydeHHEeM B mokojieHnu M1 coptoB xmomuartnuka ['sumka-160, ['samka-182 wu
I'ssamxa-183, ceMeHa KOTOPBIX epea moceBoM ObLTH 00paboTaHk! Y-mydamu B go3ax 5, 10, 50, 100, 200,
300 u 400 I'p.

[MonmydyeHnsl pe3ynbTaThl 1O BIWSHHUIO Jy4eBOH o0OpabOTKM Ha BCXOXKECTh CEMSH H
JKU3HECTIOCOOHOCTh PacTeHUH, a TakKe Ha OMOMOP(OJIOrHUSCKUe TIOKa3aTeIu (JUIUTEIBHOCTh BEreTall|H,
BBICOTY PAaCTE€HHUH, KOJMYECTBO CHMIIOJWAIBHBIX BETBEH, KOJIMYECTBO IIMIIEK HAa OJHOH BETBH)
pactenuil. [lo okoHuaHuM BereTanuu B cemeiictBe M1 peructpupoBaivi H3MEHEHHbIE PacTEHUs, KOTOpPhIE
OTIMYAIUCH OT MCXOJHBIX COPTOB MO ()CHOTHITUYECKUM NPU3HAKAM B Ka)KJIOM BapUaHTE, W BBIICISIIH
chopMupoBaBIINECs] Y PaCTCHHH CTEpHIIbHBIC, MONYCTEepHUIbHBIE, (hepTHIbHBIE W OecXIopo(UIHHBIE
¢dopMbl. YCTaHOBIIEHO, YTO F'aMMa-U3Iy4YeHHe B OOJBIINX 033X MOXKET BIUATH TAKXKe Ha KOJIUUECTBO (3,
4 1 naxke 5 IUIIEK B OHOM MecTe) U popMy (BoJlocaThle, YATHMHEHHbIE, SIMIIEBUIHBIC, C OCTPBIM HOCOM)
HIMIIEK B IPOU3BOACTBEHHBIX OpraHax.

B koHIIe BereTalioOHHOTO NEPHOa XJIOMOK KaK MOAN(UIIMPOBAHHBIX (B HEKOTOPHIX OTHOIIEHHUSIX
OTJIIMYAIOIIUXCS OT MCXOMHBIX COPTOB), TaK M HEHU3MEHEHHBIX OOpa3lOB pacTeHWil ObUT cOOpaH Kak
WHAMBHIyalbHas mpoOa. Llens cocTosia B TOM, YTO MOCESTh 3TH ceMeHa B M2 kak ceMeicTBO M Ha
OCHOBE PaJUALMOHHON TEXHOJOTHHM MOJYYHUTh MYTAHTHBIX (OPM, YCTOHUMBBIX K HEOIarompHsTHBIM
YCIIOBUSIM M PA3ITUYHBIM 3200JIEBAaHUSM, C TOCIEAYIONIUM TT000POM CEIEKIIMOHHOTO MaTepHaa.

Kmoqeebte caoea. pa,I[I/IaHI/IOHHLIﬁ MyTaFeH63, paBHBIe COpTa XJIOIIYaTHHKA, CGJ‘I@KHHOHHLIIZ MaTepI/IaJ'I.
RADIASIYA TEXNOLOGIYASININ OSASINDA MUTANT PAMBIQ
FORMALARININ ALINMASI
I.C. Zeynalova, 9.9. Tagiyev, E.S. Caforov

Xiilasa: Ts toxumlar1 sopindan avval 5, 10, 50, 100, 200, 300 va 400 Qr dozalarda qgamma siialarla
islonmis Gance-160, Gancs-182 vo Ganca-183 pambiq sortlarinin Mz naslinds radioaktiv siialanmanin
yaratdig1 mutasiya vo modifikasiya dayiskenliklarinin 6yranilmasins hasr olunmusdur.

32



Qqamma siialarla islonmonin toxumlarin tarla ciicorma va bitkilorin hayatilik gabiliyyatlorino,
homginin do bitkilorin biomorfoloji gostaricilorina (vegetasiya miiddotine, hiindirliiyine, simpodial
budaglarin sayina, bir kolda olan qozalarin sayina) tasirina tasrina dair naticalor alinmisdir. Vegetasiyanin
sonunda M naslinds har variantda baslangic sortlardan fenotipik alamatlorina gora forglonan, doyisilmis
bitkilor geydo alinmis vo bitkilordo omolo golmis steril, yarimsteril, fertil vo xlorofilsiz formalar
mitoyyonlosdirilmisdir. Aydin olmusdur ki, yiiksok dozalarda gamma siialanma bar orqanlarinda olan
qozalarin sayina (3, 4, hatta 5 qoza bir yerds olan bar orqanli) vo formasina (ssas govdasi tiiklii, uzunsov,
yumurtavari, buruncugu iti olan qozalar) da tosir eds bilir.

Sonda doayisilmis (ilkin sortlardan hansisa oslamatlorine géra forglonan) vo doyisilmomis bitki
niimunslorinin xam pambigi fordi segmo kimi y1gilmigdir. Magsad bu toxumlart M-ds ailo kimi sopmok
Vo radisiya texnologiyalarma oasaslanmagla olverissiz soraitlora vo miixtalif Xostoliklora davamli olan
mutant formalarin alinmasi tigiin seleksiya materialinin sec¢ilmasi olmusdur.

Acar sézlar: radiasiya mutagenezi, pambiq sortlari, seleksiya materiali.
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