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Abstract The ethyl methane sulfonate (EMS) have been used for tolerance to the imidazolinone (IMI) class of
herbicides in cotton. The probability of improving IMI tolerant cotton genotypes using both EMS and physical
mutation was investigated in M; and M, generations. Imazamox was sprayed to plants at the early seedling stage
and, tolerant cotton plants were observed for yield components and fiber quality after herbicide treatment. The
EMS and increasing doses of Cobalt-60 negatively affected the germination and emergence rate in cotton. The
genetic analysis using chi-square shown that a single and partially dominant gene was found the preponderance
of tolerance to imidazolinone of cotton. The EMS and gamma rays with high-level imazamox decreased plant
height, number of bolls, boll weight and fiber fineness. It was concluded that mutation via both EMS and
gamma rays could be used in the breeding of IMI tolerant cotton.
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1. Introduction

Turkey is in a very favourable position for cotton growing due to its climate zone. For the 2020/21 season,
Turkey ranks 9™ in the world in terms of cotton cultivation area, 2" in fiber cotton yield per unit area, 6" in
cotton production and 5™ in cotton imports [17].

Successful weed control is necessary to grow productive and high-quality cotton in the growing areas. It is
known that weeds are one of the most important problems encountered in cotton growing and the increasing
water deficiency increases the importance of controlling weeds. On the other hand, due to intensive labour and
input costs, cotton is planted in high density and weed control with dilution/misting and manual hoeing is
replaced by chemical control [1].

Imidazolinone (IMI) group herbicides are applied against important broadleaf and summer weeds such as
common lambsquarters (Chenopodium album), rough cocklebur (Xanthium strumarium), jimsonweed (Datura
stramonium) and black nightshade (Solanum nigrum). It has been determined that the use of this group of
herbicides in cotton farming has many advantages. First of all, Imidazolinone herbicide groups have a low usage
rate and residue amount (1-50 ppb), therefore it is the herbicide group with the least environmental risk [12].
Later, it was stated that the cotton was not damaged although imidazolinone herbicide was applied in the
previous planting area during the rotation [16]. In addition, possible IMI tolerant cotton is an important factor in
the development of no-till farming practices, resulting in soil and soil moisture management and low energy use
[2].

IMI group herbicides (imazapyr, imazapic, imazethapyr, imazamox, imazametabenz and imazakine) are called
acetolactate synthase (ALS) inhibitors. They control acetohydroxyacid enzyme synthesis (AHAS), which is a
critical enzyme for the biosynthesis of amino acids [13]. Resistance to IMI group herbicides has been
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established in many cultivars and commercial seeds of this group of plants are named as Clearfield ®. It has
been demonstrated that IMI resistance can be achieved in cotton as a result of mutation and that this group of
herbicides can be used easily [3, 4]. On how resistance is formed in cultivated plants, it was emphasized that
alkylating agents such as EMS (ethyl methane sulfonate) affect DNA bases, causing false base pairings or
disrupting the structure of DNA [14]. When the structure of DNA is disrupted, repair mechanisms such as
excision or misrepair come into play, and it has been determined that these repair mechanisms cause mutations
while working. They reported that EMS reacts with guanine to form O6 — ethyl guanine. The resulting 06 —
ethyl guanine base pairs with thymine and forms the CG — TA exchange.

The objectives of this research were to evaluate the possibilities of imidazolinone (IMI) tolerant genotypes in
chemically (ethyl methane sulfonate) and gamma rays mutated population of cotton (Gossypium hirsutum L.)
upland cotton and to conduct preliminary work on the inheritance of imidazolinone tolerance.

2. Materials and Methods

Non-delinted seeds of Gloria cultivar (Gossypium hirsutum L.) was used as material for different gamma rays
(Gy) and ethyl methane sulfonate (EMS). Nine hundred seeds for each application were irradiated with gamma
rays doses (100, 200 and 300 Gy) from cobalt 60 as physical mutagen at The Nuclear Research and Training
Centre Saraykoy-Ankara Turkey. Also, 900 non-delinted seeds were treated with 0.5% v/v ethyl methane
sulfonate. For EMS application, seeds were firstly imbibed in distilled water for 18 hours. In the next process,
the material was treated with EMS for 4 hours. After the treatment with EMS, the seeds were washed in tap
water for 4 hours, then dried on blotting paper for 1 hour and immediately planted in the field.

The field experiments were conducted in Nazilli Cotton Research Institute during the period from 2016 to 2017.
The M; plants were planted to treated imazamox herbicide and to produce tolerant M, seeds in the field. In
2016, 900 seeds for each mutagen application and imazamox application (totally 9000 seeds) were planted in 15
rows plot of 12 m. Five rows non-treated with imazamox of EMS, 100 Gy, 200 Gy and 300 Gy were evaluated
as control. The imazamox was sprayed to emerged and healthy plants after EMS and physical mutation at 1250
ml ha™ (5 rows) and 2500 ml ha™ (5 rows) at the stage of 5-6 true leaves. The levels of injury were observed at
14 days after imazamox herbicide and IMI tolerant and susceptible plants were counted. The number of bolls
plant™, boll weight (g), plant height (cm), ginning out-turn (%), fiber fineness (mic.), fiber length (mm) and
fiber strength (g tex™) were measured in the harvest period. All plants from M, generation was transferred to M,
generation in 2017 and the all process for 2016 were repeated for 2017 as well.

The chi-square test was used to estimate plausible allelic ratio using the number of tolerant and susceptible
plants after imazamox herbicide in the M; generation. The data obtained from M; and M, for measured
characteristics were compared with t-statistics using Microsoft Excel. The mean value, variance and variance
coefficient of M; and M, generation were estimated.

3. Results and Discussion

A total of 353 (39.2%), 343 (38.1%), 322 (35.7%) and 235 (26.1%) individual seeds for EMS, 100 Gy, 200 Gy
and 300 Gy, respectively, germinated and remained viable until the period of 5-6 leaves (untabulated data). The
increasing doses of EMS and Cobalt-60 negatively affected the germination and emergence rate in tomato [7].
In studies on cotton, as the amount of mutagen dose applied increased, the survival rate decreased, that is, the
seeds were more damaged by the rays, and thus the physiological damage to the plants increased [5]. On the
other hand, it was revealed that increasing gamma doses in cotton did not affect the germination and emergence
rate [15]. In our study, it is clearly seen that the germination and emergence rate decreased below 40% and this
value was 26.1% with increasing doses.

The results of chi-square analysis for 2500 ml imazamox application because of clearly distinguishing between
tolerant and sensitive were given in Table 1. According to the results of the chi-square test, non-significant
coefficients exhibited that IMI tolerance controlled a single, partially dominant gene [3, 18, 19]. Unlike similar
studies, the confirmation of one dominant gene by physical mutation results other than EMS can be seen as the
original finding of our study.
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Table 1: Chi-square analysis of individual plant ratings at 14 days after application in M, populations tested
against an expected 3:1 ratio.

Mutatio Observed Expected 12
n Toleran  Susceptibl ~ Toleran  Susceptibl
t e t e

EMS 96 257 87 263 1.06
ns

100 Gy 94 249 85 255 1.09
ns

200 Gy 77 245 80 240 0.21
ns

300 Gy 65 170 59 176 0.81
ns

The average plant height treated with EMS and Cobalt-60 was 63.17 cm. The lowest plant heights were obtained
in both the chemical mutagen treatment and the 2500 ml ha™ imazamox-treated plots of the lower doses of
physical treatment (44, 42, 36 and 36 cm, respectively). This difference resulted in high variance (465.64) and
coefficient of variation (35.68%) values. It is noteworthy that the highest plant height decrease was obtained
from the parcels that were treated with mutagen at a high dose of 300 Gy and imazamox at a high dose of 2500
ml ha™. Since imazamox was not applied to the parcels with M, mutagen applications, the average of this year's
average was 106.67 cm, the variance was 66.89 and the coefficient of variation was 8%. The difference between
the mean of M, data and the mean of M, was found to be statistically significant (t probability = 0.001). As a
result, imazamox application created a strong pressure on plant heights as expected, whereas, in 2017, it can be
said that this decrease in plant height disappeared in plants that survived 2016. Despite all this, less plant height
was detected in the plants transferred to the next year from the plots with high dose mutagen applications and
2500 ml da™ imazamox applied in both chemical and physical mutagen applications. This situation can be
clearly observed from the images of the M, population. It was stated that mutagens cause positive or negative
effects on plant height in cotton as in other plants, or in other words, they create variations in the genetic
structure [6, 8]. In this study, it is clearly seen that the plant height decreases as the mutagen doses increase.

It is seen that the number of bolls in M varies between 8 and 54 (Table 2). The overall mean of boll nhumber for
the applications was found to be 23.67 and the variance was 247.55 and the coefficient of variation was 69.43%.
In M,, the change interval was narrowed and the number of bolls was changed from 25 to 44. The coefficient of
variation decreased to 17.26% in 2017. When the mean of M, and its offspring M, were compared, the
difference was found to be statistically significant. It can be said that the fact that the spacing of the plants on
the row is not uniform in M,, especially in My, and the difference in the number of plants that survived in 2016
is high, caused the large variability in the number of bolls. In addition, mutagen applications also showed an
effect on increasing the number of bolls. Especially in mutagen applications, the higher number of bolls in M, of
subjects treated with 2500 ml da™ imazamox apart from the 300 Gy dose proves this. It was revealed that
different doses of chemical (EMS) and physical (Cobalt-60) mutagens positively affect the number of bolls in
the plant and the number of bolls in the plant increases in mutant plants [9, 10]. Similarly, in this study, it was
observed that the number of bolls in the plant was 35 on average, especially in M.

Table 2: The yield components of performances of EMS and physical mutation after imazamox in M; and M,
generation in 2016 and 2017

Tre. Imaz. Plant Height (cm)  Number of bolls / Boll Weight (g) Ginning Out-turn
plant (%)
M, M, M, M, M, M, M, M,
EMS - 99 115 54 28 46 58 4165 39.51
EMS 1250 77 104 33 30 46 56 4068 36.08
EMS 2500 44 100 21 38 42 56  39.87 40.33
éof - 93 120 46 40 45 53 4162 40.65
éof 1250 66 101 a1 40 46 47 4031 40.35
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2.30;) 2500 42 100 21 44 35 47 3897 41.00
éof ; 82 123 24 37 43 56 4074 4021
éof 1250 54 100 12 35 46 51 3953 40.24
éof 2500 36 100 4 39 3.2 49 3153 41.32
éof ; 80 110 12 35 41 50 4067 39.19
9(’3(1? 1250 49 108 8 27 38 47 3848 38.72
9(’3(1? 2500 36 99 8 25 35 49 3197 38.50
Average 6317 10667 2367 3483 413 516 3884 39.68
Variance 465.64  66.89  247.55 33.13 032 015 1087 1.87
CV (%) 3568  8.00 69.43 17.26 1204 786 886 3.59
t possibility 0.001 0.021 0.002 0.233

The boll weight varies between 3.2 — 4.6 g and 4.7 — 5.8 g in M; and M, populations, respectively. Boll weight
averages were 4.13 and 5.16 g. There was a high variance element in M, and it was statistically different from
the mean value of M,. It is noteworthy that as both EMS and physical doses increase, the boll weight decreases.
Similarly, when imazamox doses were added to all mutagen applications, it was determined that the boll weight
decreased. It was emphasized that in mutant lines with different genetic content, especially in plants treated with
EMS, boll weight increased compared to both control and 100 and 200 Gy doses [10]. In parallel, in our study, it
was found that the number of boll increased and there were differences between applications in terms of boll
weights.

The GOT values in M; varied between 31.97% and 41.65%, the variance is 10.87 and the coefficient of
variation is 8.86% because of high differences among applications. Among these values, the highest GOT was
observed only in plants with EMS (41.65%) application. This high GOT was followed by 100Gy (41.62%). The
lowest GOT was 200 Gy + 2500 ml ha™ imazamox (31.53%). When evaluating the GOT in M,, it is clearly
understood that the values are closer to each other since the variance is 1.87 and the coefficient of variation is
3.59%. The highest value was recorded in 200Gy + 2500 ml ha imazamox (41.32%) and the lowest value
belongs to EMS + 1250 ml ha™* imazamox (36.08%). It was determined that the difference between the means of
both generations was not significant (t probability = 0.233). When the data of My, in which imazamox was
added to mutagen applications in terms of GOT, are examined, it is noteworthy that only mutagen-treated plants
are higher, whereas GOT decreases with imazamox application. On the other hand, the GOT of 41.32% in the
progeny of plants treated with 200 Gy + 2500 ml/da imazamox in M, indicates that there is a variation that can
be considered positive in terms of GOT. In a similar study, it was stated that the differences in GOT were not
significant in the M, generation between different mutant lines treated with EMS [3]. Moreover, it was stated
that the GOT increased from 36.5% to 46.5% in mutant lines in the M, generation but without imazamox
application [9].

As for the fiber fineness, among the examined fiber samples, 300 Gy + 1250 ml ha™ imazamox (2.73 mic.), 300
Gy + 2500 ml ha™* imazamox (2.74 mic.) and EMS + 2500 ml ha™ imazamox (2.37 mic.) cottons gave results
well below the normal values (Table 3). Especially when high mutagen doses were combined with 2500 ml ha™
imazamox application, immature fibers were encountered. When the physical mutagen application was
compared among themselves, 200 Gy (5.34 mic.) gave the coarsest fiber. This difference in M; can also be
understood from the coefficient of variation, which was found to be 31.31%. The evaluations made in terms of
fiber fineness in M, were within the standard values. Among these results, which are close to each other, the
lowest value still belongs to 300 Gy + 1250 ml ha™ imazamox (4.01 mic.). The highest fiber fineness value was
found at 100 Gy (5.26 mic.). Results were evaluated with the t-test and the difference between M; and M,
populations was not found to be significant (t probability = 0.09). It was cited stated that 85 mutant lines in the
M3 generation continued their characteristics in the M, generation, while 31 mutant lines were superior in terms
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of yield and ginning efficiency, while 13 mutant lines were superior in terms of yield ginning and fiber quality
characteristics [5]. Similarly, fiber coarseness of mutant lines was detected significantly increasing [9], whereas
non-significantly differences in plants treated with imazamox on mutant lines were determined [3]. It was
concluded that there is a variation that can be used in our study, but most importantly, the values within
commercial limits (3.9 - 4.9 mic.) are also promising in mutagen + imazamox applied plants.

When the fiber length values were evaluated in our study, it was determined that the worst values in M; ranged
between 200 Gy + 2500 ml ha™ imazamox (28.00 mm) and 200 Gy (31.50 mm). Also, the coefficient of
variation and variance was very low, such as 3.47% and 1.01. Although values improved in M, compared to M,
results, 100 Gy (28.99 mm) remained at lower results. The highest value in M, was seen at 300 Gy + 1250 ml
ha™* imazamox (31.61 mm). When the applications are evaluated within themselves, the EMS application (non-
treated herbicide) gave higher results than the EMS + 1250 ml ha™ imazamox (30.37 mm) and EMS + 2500 ml
ha* imazamox (30.9 mm) applications. When both years are compared statistically, it is seen that the difference
between the means is not significant (t probability = 0.152). It was concluded that the applications did not cause
significant differences in fiber length values. The use of mutation-inducing factors in appropriate doses and
times caused the fiber length to be affected positively or negatively in cotton, or in other words, it created
variations in the genetic structure, but this result could not be reached in terms of fiber length in our study [6, 8].
However, in a similar study [3], it was emphasized that the difference in fiber length was not significant in
mutant lines.

Table 3: The quality characteristics of performances of EMS and physical mutation after imazamox in M, and
M, generation in 2016 and 2017

Tre. Imaz Fiber Fiber Fiber
Fineness Length Strength
(mic.) (mm) (g tex™)
M, M, M, M, M, M,
EMS - 5.36 467 306 310 352 36.3
8 6
EMS 1250 4.66 4.03 303 303 402 32.
8 7
EMS 2500 2.37 408 314 309 312 35.4
1 0
100 - 5.49 526 309 289 381 34.9
Gy 4 9
100 1250 4.19 447 313 305 402 355
Gy 3 5
100 2500 3.31 407 296 315 349 37.8
Gy 3 3
200 - 5.34 441 315 308 37.2 37.8
Gy 0 3
200 1250 3.73 469 314 313 358 35.4
Gy 0 2
200 2500 2.53 478 280 30.1 30.0 36.9
Gy 0 2
300 - 5.53 475 299 307 379 38.8
Gy 7 0
300 1250 2.73 401 298 316 402 37.1
Gy 3 1
300 2500 2.74 442 294 314 312 38.9
Gy 5 5
Average 4.00 447 303 307 36.01 36.45
8 9
Variance 1.43 0.13 101 049 1219 3.01
CV (%) 3131 856 347 239 10.10 5.00
t possibility 0.09 0.15 0.372
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The highest fiber strength recorded in EMS + 1250 ml ha™ imazamox (40.2 g tex™), 100Gy + 1250 ml ha™
imazamox (40.2 g tex™) and 300Gy + 1250 ml ha™ imazamox (40.2 g tex™®) in M;. On the other hand, the lowest
values were observed in 200Gy + 2500 ml ha™ imazamox (30.0 g tex™) and 300Gy + 2500 ml ha™ imazamox
(31.2 g tex™) applications. 12.19 variance and 10.10% coefficient of variation show significant differences in
mutagen + imazamox applications in M;. When the M, results are examined, it is seen that fiber strength varied
between 32.6 g tex™ and 38.9 g tex, average was 36.45g tex™. The variance value was 3.01 and the coefficient
of variation was 5.00%, which indicates that the differences have become stationary in the applications. It is
understood from the t statistics that the mean difference in M; and M,was not significant (t probability = 0.372).
The fiber strength results in our study are in agreement with the results found by [3], who stated that there was
no difference in fiber quality in the M, generation of plants treated with mutagen + imazamox.

4. Conclusions

The result of the chi-square test exhibited that IMI tolerance conferred by a single and partially dominant gene.
Moreover, possible tolerance genes were present at the same locus or closely linked. This study was revealed
that both chemical and physical mutation sources could be used in the breeding of IMI tolerant cotton genotype
development together with imazamox applications. Especially, it was concluded that the selection of IMI
tolerant single plants with high yielding and fiber quality from mutated seeds could be an indicator of success in
breeding.

Acknowledgement

This article is part of the doctoral thesis conducted by Dilara ALTINTAS in Aydin Adnan Menderes University,
Institute of Natural Applied Science, Department of Field Crops and was supported by the Unit of Scientific
Research Project, Aydin Adnan Menderes University (ZRF-16031).

References

[1]. Basal, H., Karademir, E., Goren, H. K., Sezener, V., Dogan, M. N., Gencsoylu, I., & Erdogan, O.
(2019). Cotton production in Turkey and Europe. In K. Jabran& B. S. Chauhan (Eds.), Cotton
production (pp. 297-321). Wiley Online Library.

[2]. Carpenter, J., Felsot, A., Goode, T., Hammig, M., Onstad, D., & Sankula, S. (2002). Comparative
environmental impacts of biotechnology-derived and traditional soybean, corn, and cotton crops.
Executive Summary June 2002, No: 02097.

[3]. Cutts, G.S. (2013). Genetic analysis, inheritance and stability of mutation-based herbicide tolerance in
cotton (Gossypium hirsutum L.). Texas A&M University Graduate School of Natural and Applied
Sciences Doctoral Thesis, Texas USA.

[4]. Duke, S.O., & Ragsdale, N. (2004). Herbicide resistant crops from biotechnology. Pest Management
Science, 61:246-257.

[5]. Kaynak, M.A., Unay, A., Zeybek, A., & Ozkan, 1. (1998). Determination of the Effects of Gamma
Irradiation in Cotton (Gossypium hirsutum L.) V. National Agriculture and Livestock Congress 20-22
December 1998Konya Turkey (in Turkish with English abstract).

[6]. Mamedov, K., & Bashanova, A. P. (1987). lonizing radiation and economically useful traits in cotton
of the species G. Barbadense L. Plant Breeding Abstracts, Vol: 57.

[7]. Menda, N., Semel, Y., Peled, D., Eshed, Y., & Zamir, D. (2004). In silico screening of a saturated
mutation library of tomato. The Plant Journal, 38:861-872.

[8]. Mukhov, V. (1987). The possibilitys of improving cotton yields through radiation mutagenesis. Plant
Breeding Abstracts, Vol: 57, No: 4.

[9]. Muthusamy, A., & Jayabalan, N. (2011). In vitro induction of mutation in cotton (Gossypium hirsutum
L.) and isolation of mutants with improved yield and fiber characters. Acta Physiologiae Plantarum,
33(5):1793-1801.

[10]. Muthusamy, A., Vasanth, K., & Jayabalan, N. (2005). Induced high yielding mutant in cotton
(Gossypium hirsutum L.). International Atomic Energy Agency, V: 36 1:45.

ﬁan’;ﬁ
"‘)& Journal of Scientific and Engineering Research

16



Altintas D & Unay A Journal of Scientific and Engineering Research, 2021, 8(10):11-17

£

&) Journal of Scientific and Engineering Research

[11].

[12].

[13].

[14].

[15].

[16].
[17].
[18].

[19].

=

Sakin, M.A. (1998). The effects of different gamma ray and EMS doses on M1 and M2 generations in
durum Wheat (Triticum durum Desf). Gaziosmanpasa University Graduate School of Natural and
Applied Sciences Doctoral Thesis, Tokat Turkey (in Turkish with English abstract).

Stout, S. J., daCunha, A. R., & Allardice, D. G. (1996). Microwave-assisted extraction coupled with
gas chromatography/electron capture negative chemical ionization mass spectrometry for the simplified
determination of imidazolinone herbicides in soil at the ppb level. Analytical Chemistry, 68(4), 653-
658.

Tan, S., Evans, R. R., Dahmer, M. L., Singh, B. K., & Shaner, D. L. (2005). Imidazolinone-tolerant
crops: history, current status and future. Pest Management Science: Formerly Pesticide Science, 61(3),
246-257.

Tan, S., Evans, R., & Singh, B. (2006). Herbicidal inhibitors of amino acid biosynthesis and herbicide-
tolerant crops. Amino Acids, 30(2), 195-204.

Cicek, S., Kiglktaban, F., Coban, M., & Tuncel, N. (2016). Determination of appropriate gamma ray
dose and effect on seedlig growth in M1 of different gamma ray dose in cotton (Gossypium hirsutum
L.) variety Nazilli 663. Journal of Central Research Institute for Field Crops, 25: 88-93.

York, A. C., Jordan, D. L., Batts, R. B., & Culpepper, A. S. (2000). Cotton response to imazapic and
imazethapyr applied to a preceding peanut crop. J. Cotton Sci., 4:210-216.

Anonymous. (2021). Cotton: World Markets and Trade. USDA Foreign Agricultural Services.
https://www.fas.usda.gov/data/cotton-world-markets-and-trade

Pozniak, C. J., & Hucl, P. J. (2004). Genetic analysis of imidazolinone resistance in mutation-derived
lines of common wheat. Crop Science, 44(1), 23-30.

Bechere, E., Auld, D. L., Dotray, P. A., Gilbert, L. V., & Kebede, H. (2009). Imazamox tolerance in
mutation-derived lines of upland cotton. Crop science, 49(5), 1586-1592.

17



