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Abstract: The study explores the radiation effects on various generations of Ganja-160 and BA-440 cotton
varieties subjected to diverse doses of y-rays using the Co® isotope prior to seed sowing. Phenological
observations were conducted on both M1 and M generations of plants, spanning from germination to full
growth, to identify the variations. The investigation delves into whether the observed variations in M are
of hereditary or modification origin.

It was found that high doses of y-irradiation disrupted the germ cell of the seed, resulting in a broad
range of genetic variation in plants and creating extensive opportunities for the selection of individuals with
numerous valuable traits.

Furthermore, with an increase in the dose of gamma radiation, the number of mutated families
increased. In the high-radiation variants, bushes with a large fiber yield, large cotton balls, and compact
shapes were obtained. Some variants produced plants with 5-6 or even 7 economically valuable traits (large
cotton balls, compact bush, productive, fast-growing, high fiber yield, and tall, short, wilt-resistant, etc.)
and exhibited a diverse mutation spectrum.

Keywords: Ganja-160 and BA-440 cotton varieties, radiation mutagenesis, M. and M3 generation plants,
modification, and genetic variation.

1. Introduction

To ensure the dynamic development of raw cotton production in our country and to meet
the growing demand of the textile industry for raw cotton, there is a significant need for the
development of new cotton varieties that are productive, fast-growing, resistant to diseases and
pests, and possess high fiber quality. In this regard, the creation of new cotton varieties, enabling
an intensive increase in cotton productivity and their implementation in farms, is not only a
necessary practical concern but also an urgent matter of great scientific importance.

As known, one of the most effective methods for obtaining economically valuable starting
material in cotton farming is experimental mutagenesis. In genetics and breeding studies,
experimental mutagenesis is employed to accelerate breeding. This methodological approach is in
high demand for creating cotton cultivars with desirable characteristics, as many problems in
mutation-selection remain unsolved [1].

Currently, radiation technologies find widespread use across various sectors of the national
economy, including agriculture. This is due to their advantages, such as the simplicity of
application, low cost, environmental friendliness, stimulating effects in small doses, a high degree
of neutralization of planting material with the absence of lethality, minimized damage to seeds
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during processing, absence of induced radiation, and reduced energy consumption [2].

Our research aims to acquire mutant cotton lines resistant to various diseases and extreme
environmental factors by exploiting genetic variation induced in seeds through y-rays, essentially
utilizing radiation mutagenesis. These mutant lines are intended to serve as novel starting material
for breeding purposes.

2. Experimental Part

Cotton varieties (Ganja - 160 and BA-440), obtained through two years of self-pollination
and regionalized by the Agrarian Services Agency, were the subjects of our research.

The Ganja-160 variety was regionalized in 2016 and is recognized for its increased
productivity, drought resistance, and high fiber quality, meeting the demands of the textile
industry. This is crucial for the production of high-quality fabric. It has a shorter vegetation period
compared to foreign varieties (120 days). Harvesting starts at the end of August and concludes in
the first ten days of October.

The BA-440 variety, developed by Turkey’s “Progen TOHUM AS” company, falls into
the category of mid-late maturing cotton varieties. It features a compact bush, branched stem, oval
cotton ball, and a yield of 45-50 sen/ha. With a vegetation period of 145-150 days, this variety
boasts a high (44.4%) fiber yield and excellent fiber quality.

At the initial stage (for the M1 generation of plants), dry seeds of both cotton varieties
underwent y-ray treatment at doses of 100, 200, 300, and 400 Gy using the Co® isotope. Non-
irradiated seeds of these varieties served as the control variant. The seeds corresponding to both
the irradiated and control variants were planted in the experimental base of the Scientific Research
Institute of Plant Protection and Technical Crops under open field conditions in the second ten
days of April, according to the scheme of 90 x 10 cm (with 2 seeds in each nest, totaling 100 seeds
for each variant).

Upon conclusion of the growing season, seeds from both modified and unmodified plants in
M1 were separately collected, stored under special conditions, and sown as families in the
subsequent planting (for the M. generation of plants). In the second year of the study, that is, in
the M2 generation of plants, the same type of modified plants were separately collected according
to the variants, and the seeds were used to cultivate M3 generation plants. It was determined
whether the changes detected in M3 were genetic.

3. Obtained Results and Their Explanation

Based on the fact that gamma-irradiation is a mutagenic factor at high doses, research was
conducted to obtain cotton genotypes resistant to adverse conditions and various diseases. At the
initial stage, before sowing, seeds of plants treated with different doses of y-rays were cultivated,
and the characteristics of the growing plants were examined to identify those with altered traits.
Considering that changes in the vegetation period, main stem height, number of sympodial
branches, and number of cotton balls per bush are key criteria determining the mutation’s
effectiveness, these parameters, along with the main economic characteristics and quality
indicators of cotton, were assessed.

In total, the raw cotton of 850 plants was harvested by individual sampling, and economic
value indicators such as fiber yield, fiber length, fiber strength, raw cotton mass per cotton ball,
etc. were determined. Following cotton harvesting, the modified and unmodified plants in M1 were
segregated through individual selection. Their seeds were collected separately, stored under
special conditions, and utilized for sowing as a family in the subsequent planting, i.e., in M. To
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ascertain whether the changes observed in M1 are genetic (mutagenic) or simply modification
variation, the study extended not only to the M2 generation of plants but also to the subsequent M3
generation.

The results revealed that, in some cases, the altered traits of the same form were
morphogenetic and not inherited by the next generation. It is noteworthy that the same altered trait
can be both mutational and modificational. For instance, observations indicated that the change in
the shape of the cotton ball was modified in the Ganja-160 variety at a radiation dose of 150 Gy,
while in the BA-440 variety at the 300 Gy radiation dose, it was mutational.

Literature suggests that mutagens are more effective in inducing genetic variation for
economically valuable traits in low doses than in medium and high doses [3].

It is commonly understood that y-irradiation disrupts the seed germ cell, leading the plant
organism to grow and develop by sprouting from both healthy and damaged cells. Therefore, for
the normal development of mutant cells, plants should be cultivated with high agrotechnical
standards, enhancing mutation yield and improving plant vitality [4].

It has long been recognized that the impact of gamma radiation at high doses halts the
development of the main body of plants, while at low doses, it paradoxically stimulates the
development processes [5].

Our research on the morphophysiological changes induced by gamma-irradiation in the
studied plants revealed that the irradiation produced more sterile and polysterile plants in the M1
generation of Ganja-160 and BA-440 varieties. Irradiation of seeds with high doses leads to an
increase in chlorophyll mutations, resulting in plants characterized by the absence of chlorophyll
in the leaves. In plants with chlorophyll mutations, once 3-4 green leaves were formed, the others
were destroyed. The height and development phases were normal in all variants during the early
stages of vegetation in modified plants, but later, significant differences emerged. Despite the
formation of normal cotton balls during reproductive development in these plants, most remained
unopened by the end of the vegetation period, and mature cotton balls were predominantly located
in the lower part of the sympodial branches of the plants.

Observations indicated that the impact of y-irradiation on seeds before sowing led to
various types of changes in the researched plants, with the number of modified plants varying in
both cotton varieties based on the radiation dose. Generally, no consistent patterns in variety
variability were discerned, and the variations appeared to be random. Nevertheless, in some cases,
changes induced by y-irradiation were found to occur in a similar manner.

As mentioned earlier, seeds from both modified and unmodified plants in My were
individually collected and sown in the subsequent step. All plants were also individually studied
in Ma.

The study of the variability of M2 generation plants revealed that traits such as late-
maturing, twining of branches, small cotton balls, etc., observed in M1 were modification [6].

Given that y-irradiation can induce a broad spectrum of genetic variation, creating ample
opportunities for selecting individuals with valuable traits [7]. Taking this fact as a basis,
phenological observations were conducted in both M1 and M2 generations. These observations
spanned from the germination phase to the full growth phase to identify changes in the plants, and
it was investigated whether the changes in M1 were of hereditary or modification nature. To
achieve this, a comprehensive analysis of the changes occurring in M1 under the influence of y-
irradiation was conducted, and the obtained results are presented in Table 1.
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Table 1

Indicators of the type of change occurring in M1 under the influence of y-irradiation

5 Type and quantity of variation in plants, number
;f:_’ - Shape of bush Shape of cotton ball
& =
g Radiation E§ ~ | = >§ ém - g’ 2 ?
ES S| E|S5 58 5|28/ 3|65 8|32
SS o | 3 |Bg|gE G o g| 2| 5|2
& A i Y
Ganja-160
1 Control -
2 100 2 1 1
3 200 25 5| 2 1 2 1 2 1] 3| 2 3 | 3
4 300 28 4 | 4 3 3 2 3 3 3 2 1
5 400 33 4 | 5 3 6 2 2 4 3 | 3 1
BA-440
6 Control -
7 100 27 7 2 3 1 2 | 3| 2 2 | 3| 2
8 200 29 3 | 6 4 2 2 3 3 3 1 2
9 300 28 3 | 4 5 2 2 3 4 2 2 1
10 400 25 1| 4 3 3 1 2 3 3 | 4 1

The indicators of the number of modified plants formed in My are given in Table 2.

Table 2
Indicators of the number of changes in M1 due to the y-irradiation
No. Radiation dose, The nl_meer 9f plants modl?lflijgc]ibslggfs, in moﬁili‘rigzeglgl;ts,
Gy counted in Mgy, in numbers nUMbers in %
Ganja-160
Control 394 - -
2 100 314 2 0.63+0.4
3 200 281 25 8.89+1.7
4 300 270 28 10.37+1.8
5 400 210 33 15.71+2.5
BA-440
1 Control 378 - -
2 100 302 27 8.94+1.6
3 200 232 29 12.50+2.2
4 300 199 28 14.07+2.5
5 400 147 25 17.00+3.1
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In the subsequent phase, the yield from modified plants in M1 was collected through
individual selection, and sown as a family in M. Additionally, seeds obtained from plants that did
not differ from the control variant (potentially having a recessive mutation) were also sown as a
family.

Considering the potential emergence of new mutations in the M2 and M3 generations of
plants, families altered in M2 were sown in M3z and the genetic nature of the M3z generation was
examined.

In line with several studies where families altered in the M2 generation were chosen based
on the selection method and recognized as mutant forms [8, 9], we scrutinized materials obtained
in the M2 and M3 generations, studying the mutation yield and frequency. The research work
undertaken was not only challenging but also demanded a large area. Visual field inspections and
laboratory analyses were conducted at the end of the vegetation period to identify modified forms.
Since the primary objective is to identify forms with economically valuable traits and select forms
with complex characteristics, the harvest was gathered through individual selection. Even if the
mutant form is multi-rowed, the selection material is not collected in groups and families. The
primary reason for collecting the crop of the mutant cotton form through individual selection is
also explained by the highly heterozygous nature of the genetic material, reflected in the
phenotype.

The effectiveness of the experimental mutagenesis method is known to depend
significantly on the amount of material used in the experiment. Therefore, the greater the number
of plants in My, the more diverse and numerous the modified plants. In such cases, there is a high
probability of obtaining mutant forms with economic value. The genotype of varieties is also
crucial in this process, as similar mutations can occur in genotypes close to each other [10].

In the M2 generation of plants, the study of morphological changes caused by y-irradiation
in all variants of plants was continued. It became evident that, unlike the forms in My, the forms
selected for branching type, ball size, fiber yield and length, productivity, shortening of the
vegetation period, height, and hairiness of the main stem are more hereditary.

Here is a brief description of some of the most common modified plants selected from
cotton varieties:

- Plants with a changed ball shape. This type of variation is frequently observed, resulting in
not only large cotton balls but also small and elongated ones. Most deformed cotton balls
are formed at high values of radiation dose.

- Plants with a changed branching type. Numerous compact and scattered types of plants are
found at large values of gamma radiation (300 and 400 Gy doses).

- Deformed plants. The plants selected for this feature differed from the initial varieties,
particularly in terms of the mass of raw cotton per bush. These distinctions were observed
at radiation doses of 10 Gy and higher. The plants chosen in M2 were superior to the control
plants in terms of the number and size of cotton balls on the bush.

- Plants with a shortened vegetation period. In My, a substantial number of plants with a
shortened vegetation period due to the radiation effect were obtained. Early maturing forms
were selected from initial cultivars [11].

- Plants that changed color. This group encompasses plants that altered the color of their
leaves, main stems, and cotton balls. This may include plants with varying degrees of
anthocyanin spots on generative and vegetative organs.

- Hairiness. The plants chosen for this feature differ from the initial varieties in that their
leaves and stems exhibit pronounced hairiness.

- Sterile plants. These are plants unable to fertilize and produce seeds. Sterile plants,
resulting from the effect of gamma-irradiation, may also exhibit chlorophyll mutation in

17



the leaves. The chlorophyll mutation characterizes the effectiveness of the dose of y-

irradiation and the mutability of varieties.

From the findings of our study, it became evident that the increase in the dose of y-
irradiation leads to an escalation in the frequency of chlorophyll mutation in the M2 generation of
both studied plants, the number of mutant families, and concurrently, the mutation frequency in
Ms.

The changes in the M2 generation of plants and the summarized results of the inheritance
of these changes to the next Mz generation are reflected in Table 3.

Table 3

Indicators of the inheritance of changes in M2 to M3

Number of Modified families in M2 Plants inherited to M3
No. | r d'Gf}mnmda families tit tit
i ICca)y e studied, %ﬂ?rr]]k:e)rh Yo, (x £ 84) (Ig\luuar?lt;e):’ Y, (x £ 8y)
number ’
Ganja-160
1 Control 394 - -
2 100 314 1 032+0.3 1 0.32+0.3
3 200 281 14 50+1.3 6 2.22+0.8
4 300 270 17 63+1.4 8 3.0+ 0.3
5 400 210 20 9.5+0.1 7 34+12
BA-440
1 Control 378 - -
2 100 302 12 4.0+1.1 4 1.4+0.6
3 200 232 18 7.8+1.7 6 26+1.0
4 300 199 15 75+19 6 3.0+1.2
5 400 147 14 95+24 4 27+1.3

From the presented table results, it is evident that only 1 family (0.32 £+ 0.3%) underwent
changes in the M2 generation of Ganja-160 cotton variety under a y-irradiation dose of 100 Gy and
this family was inherited to Mas. At a y-radiation dose of 200 Gy, 14 families (5.0 = 1.3 %)
experienced changes in Mo, with 6 families (2.22 + 0.8) inheriting Ma. For the radiation dose of
300 Gy, 17 families (6.3 = 1.4%) out of 270 studied altered in M2, with 8 families (3.0 + 0.3 %)
inheriting Ms. At a radiation dose of 400 Gy, out of 210 studied families, 20 families (9.5 = 2.4 %)
were mutated in My, and 7 families (3.4 + 1.2 %) were inherited to Ma.

Different outcomes were obtained for the BA-440 cotton variety. At an irradiation dose of
100 Gy, 12 families (7.8 £ 1.7 %) out of 302 studied families changed in Mz, and 4 of them (1.4 =
0.6 %) were inherited to Ma. For the radiation dose of 200 Gy, 18 families (7.8 + 1.7%) out of 232
studied families underwent changes in M2, and 6 families (2.6 = 1.0%) out of 18 modified families
(7.8 = 1.7%) were inherited to Ms. In the case of the radiation dose of 300 Gy, 15 families
(7.5£0.9 %) were altered in M2 out of 199 studied families, and 6 families out of altered families
(3.0£1.2 %) inherited M3. At a radiation dose of 400Gy, out of 147 studied families, 14 families
(9.5 £ 2.4%) altered in My, and 4 families were inherited to Ma.

Summarizing our results, it can be stated that the increase in the radiation dose during the
irradiation of cotton seeds leads to an increase in the number of mutated families. Exposure of
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seeds to radiation in high doses also causes an increase in cotton fiber yield, growth of cotton balls,
and formation of compact bushes. Radioactive radiation has a wide spectrum of mutations,
creating plants with 5-6, even 7 economically valuable traits (large cotton balls, compact bush,
productive, fast-growing, high fiber yield, and tall, short, wilt-resistant, etc.) in some variants.
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AHAJIA3 MEPEJAYY U3MEHEHMI B TOKOJEHUM M2 COPTOB XJIOMKA
T'STH/KA-160 T BA-440, BBI3BAHHBIX TAMMA-OBJIYYEHUEM, HA
MOCJEIYIOIUIEE Ms; IOKOJIEHUE

.. 3eiinanoBa, A.A. Tarues, M.3. Baaua:xanosa, J3.C. [I:xkadaposn

Pe3ztome: B nipencTaBneHHON paboTe MpeacTaBiIeHbl pe3yIbTaThl HCCIAEI0BAHNHN PaAHAIMOHHBIX 3G (EKTOB
Ha pa3HbIX MOKOJIEHUsX copToB xyonvatHuka ['samka-160 u BA-440, ceMeHa KOTOPBIX C MOMOILBIO
u3otomna Co-60 mepen moceBoM 00pabOTaHBI Pa3HBIMH J103aMU Y-lydeil cemsiH. C IeJIbI0 BBISBICHUS
W3MEHYUBOCTH TIPOBEJICHBI ()eHOIOTHIECKUe HAOIIOIeHHs Kak 32 M1, Tak ¥ 32 M2 IIOKOJICHHSIMU PacTeHUH
oT ¢a3bl BCX00B /10 (ha3bl HOIHOM 3penocTH. [Ipoananu3npoBano, UMEIOT JIM U3MEHEHUS, TPOUCXOISIINE
B M1, HacIIeICTBEHHBIN WIN MOIU(DUKAITMOHHBIN XapakTep.

YCTaHOBIEHO, YTO BBICOKHE JIO3BI Y-OOIyUEHHs pa3pyIIaoT 3apOBIIIEBYIO0 KIETKY CEMEHH, YTO
NPUBOJUT K LIMPOKOMY CIIEKTPY '€HETUUYECKOW N3MEHYMBOCTH PACTEHUH M OOJIBLIMM BO3MOKHOCTSM IS
otbopa ocobeil co MHOTMMH LIEHHBIMHU NIPU3HAKAMHU.
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Bonbime 1o3s1 Y-00iTydeHus], MOMUMO YBEIHMUEHUS KOJTUYECTBO MyTHPOBABIIINX CEMEHCTB, TAaKXKe
JTATA KYCTBHI C OOJIBITIM BBIXOZOM BOJIOKOH, KPYITHBIMA HIMIITKAaMH ¥ KOMITAKTHOH opMoii. B HeKoTOpbIx
BapHaHTax OBUTH TIOJMYYEeHBI PACTEHUS C 5-6 W Aaxke 7 XO3MHCTBEHHO-IIEHHBIMH NMpHU3HAKaMu (OOIbIION
XJIONIKOBBIA KOKOH, KOMITAKTHBIN KYCT, YPOXKaWHBIH, OBICTPOPACTYIIUHI, ¢ BBICOKMM BBIXOJIOM BOJIOKHA,
BBICOKOPOCIIBIH, HU3KOPOCIBIi, YCTONYMB K YBSAAHUIO U T. [I.) U UIMEIN IIUPOKAN CIIEKTP MYTaIHil.

Knirouegvie cnoea: copra xnomuatHuka ['samxa-160 u BA-440, paguannonssiii myTtarenes, M. u Mz
MOKOJICHUE PACTCHUH, MOTU(PHUKALNS 1 TeHETHYECKast U3AMEHUYHBOCTD.

QAMMA SUALANMANIN GONCO-160 VO BA-440 PAMBIQ SORTLARININ M2
NOSLINDO YARATDIGI DOYiSKONLIKLORIN SONRAKI M3 NOSLINO iRSi
KECMOSININ TOHLILI

I.C. Zeynalova, 9.9. Tagiyev, M.Z. Valijanova, E.S. Cafarov

Xiilasa: Togdim olunan todgigat isindo Co® izotopunun komayi ilo toxumlari sopindon avvol miixtolif
dozalarinda y-siialarla islonmis Ganca-160 vo BA-440 pambiq sortlarinin miixtalif nasillorinds radiasiya
effektlori aragdirilmigdir. ©molo golmis doyiskonliyi askar etmok ii¢lin bitkilarin ham M, ham do M;
nasillori tizarinds cilicormo fazasindan tam yetismo fazasina kimi fenoloji miisahidalor aparilmig, Mi-do
olan dayiskanliklarin irsi vo yaxud modifikasiya xarakterli olmasi dyronilmisdir.

Miiayyan edilmisdir ki, yliksok dozalarda y-slialanma toxumun riiseym hiiceyrasini pozmus,
noticada bitkilordo genis diapazonlu irsi doyiskenlik bas vermis vo bir ¢ox giymotli olamatlora malik
fordlorin segilmasi tigiin genis imkanlar yaranmigdr.

Qamma-stialanma dozasinin artmasi mutasiyaya ugramis ailolorin saymin artmasina sabab olmagla
yanasi, yiksok stialanma variantlarinda hom do boyiik lif ¢iximli, iri qozali, yigcam formali kollar
alinmugdir. Bazi variantlarda 5-6, hatta 7 tosarriifat qiymotli olamatlori (irigozali, yigcam kol, mohsuldar,
tezyetisan, yiiksok lif ¢iximli va uzunboylu, gisaboylu, viltadavamli va s.) olan bitkilor alinmagla, genis
mutasiya spektrina malik olmuslar.

Agar sozlor: Ganca-160 vo BA-440 pambiqg sortlari, radiasiya mutagenezi, M, vo Ms nasil bitkilar,
modifikasiya va irsi doyiskanliklor.
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