International Journal of
Agriculture, Environment and Food Sciences

e-ISSN: 2618-5946  https://dergipark.org.tr/jaefs

DOI: https://doi.org/10.31015/jaefs.2024.4.22 Int. J. Agric. Environ. Food Sci. 2024; 8(4): 919-931

Determination the effective dose of mutation in pepper (Capsicum annum L.)

Erhan Akalp? Vedat Piring?

'Department of Horticulture, Faculty of Agriculture, Dicle University, Diyarbakir, Turkey

Avrticle History Abstract

Received: November 11, 2024 . . . . .

Revised: December 18, 2024 This study was carried out to determine the "Effective Dose of Mutation” (EMDsg)

Accepted: December 20, 2024 i H H i ¥ iati

Bubliehed Online: December 22, 2024 for mu'Fatlon.breed.lng .study on Qermlk, Kandil and Ugburun pepper varieties

grown intensively in Diyarbakir. For this purpose, pepper seeds were exposed to

ﬁrt_i?IeTlnfoR Al chemical mutagen source Ethyl Methane Sulfonate (EMS) at doses of 0%, 01%,
t : rt - - - - .

Article Szg;ect:eifgg;gtablelériwing 0.2%, 0.3%, 0.4%, 0.5%, 0.75% and 1% and to irradiation with physical mutagen

and Treatment source Co® at doses of 0, 50, 100, 200, 300, 400, 500 and 600 Gy. In irradiated

Corresponding Author and ghemically exposed seeds, on the 45th day following seed §owing date,

Erhan Akalp germination percentage (%) for each dose was calculated and seedlings’ lengths

= akalperhan@gmail.com were measured to investigate the effects of different doses and EMDso value was

calculated. According to the data obtained as a result of the study; it was found
that the germination rate in pepper seeds of all three varieties-genotypes gradually
decreased with the increases of doses in application of EMS on pepper seeds.
While the decreases were especially evident in the seeds of Kandil and Ugburun
varieties subjected to 0.3% EMS dose and 9 hours of application; in Cermik
genotype the germination rate started to decrease with 0.5% EMS dose due to
local population. It was also found that germinations decreased in all three
varieties depending the application of 300 Gy CO®. In 6-hour EMS application,
Available at EMDs, values were respectively determined as 0.67%, 0.97% and 1.08%. for
hitps:fidergipark.org tjacts/issuel6786411583255 | andlil, Ugburun and Cermik. And for 9-hour EMS application, EMDs values
were determined as; 0.52%, 0.77%, 0.89%. Kandil, Ucburun and Cermik

DergiPark varieties. According to the results obtained in the study, the usage of both physical
ol and chemical mutagens in pepper varieties; increasing of doses and durations of
) 5y e mutagens, decreased germination rates and also caused to decrease the plant
e e e e res_heights. As a result, it seems possible to obtain variations in peppers with the usage
(Cgcmgmé;‘j_g“;infg;n“;‘t’i';ﬁgleri”Cee';;'_ of physical and chemical mutagens to get new varieties in plant breeding.
Copyright © 2024 by the authors. éeyvvprd_s: Pepper, Effective Mutation Dose, Gamma, Ethyl Methane Sulfonate,
ermination

Cite this article as: Akalp, E., Pirinc, V. (2024). Determination the effective dose of mutation in pepper (Capsicum annum L.). International
Journal of Agriculture, Environment and Food Sciences, 8(4), 919-931. https://doi.org/10.31015/jaefs.2024.4.22

INTRODUCTION

Pepper (Capsicum sp.), is an important species of the Solanaceae family that has an important position among
other vegetables in terms of production area and production amount in the world and in Turkiye. According to
2022 data from the Food and Agriculture Organization of the United Nations (FAQ), 36,972,410 tons of pepper
produced in the area of 2,020,816 hectares in the world. According to these data, an average yield of pepper is
1,83 kg/ m2 (FAO, 2022). The countries those have the most pepper production in the world are respectively;
China is first with 16,837,405 tons, Mexico is the second with 3,113,244 tons, Indonesia is third with 3,020,262
tons, Turkiye is fourth with 3,018,775 tons and Spain is fifth with 1,533,280 tons. According to these results, China
alone produces half of the world's pepper production.

When we look at the pepper varieties produced in Turkiye, capia was the most grown and produced pepper in
2023 (Table 1). According to table 1, it was determined that the average yield of capia pepper is 4,27 tons/decare
the long pepper is 3,73 tons/decare, bell pepper is 3,46 tons/decare and Charleston pepper is 6,78 tons/decare in
Tiirkiye (TUIK, 2023).
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Table 1. The pepper varieties grown in Tirkiye

Varieties Growing Area (Decare) Production (Tonnes)
Capia (Paste) 375,147 1,602,457
Long 251,672 939,178
Green Bell 114,197 395,441
Charleston 21,218 143,934

Anonymous: TUIK, 2023

While to show the ability of obtaining high yields from a unit area as mathematically; "Yield = Plant's Genetic
Potential + Cultivation Technique Package + Environmental Conditions" can be formulated (Kurt, 2015). It is an
expected result that the high yield obtained from a unit area due to the seed containing high yield that is the source
of plant production. Therefore, the seed will be used it is expected to strong in terms of desired features (quality,
market value, high yield, resistance to diseases and pests, etc.).

When the seeds used in commercial production in the world and in Turkiye were investigated, it was seen that
the majority of the seeds used were F1 hybrid seeds (Tepe et al., 2003; Kantoglu, 2014a). F; hybrid seeds are
obtained as a result of crossbreeding between parents with superior characters that are not related in terms of
genetic structure. Hybrid seeds obtained by hybridization (Heterosis) can have very different and high-quality
characteristics from their parents (mother and father) (Hayward et al., 1993; Kantoglu, 2014a). For example; yield,
quality, resistance to viral and fungal diseases, resistance to pests, adaptability to environmental conditions, etc.
While the most of companies selling F; seeds in Tirkiye in the past were foreign companies, the number of
domestic companies has been increasing day by day with the increase in the number of qualified personnel working
in plant breeding. With the presence of local genotypes and improving new varieties seeds in many vegetable
species in Tirkiye, the demand for foreign companies is gradually decreasing, and thanks to local companies in
the country, the production of many types of hybrid seeds improved in many different varieties.

In the world and in Tirkiye breeding studies began with classical breeding and tissue culture methods (Abak,
1983) and today continue with more advanced technologies. In order to eliminate the negative effects that still
occur in varieties obtained with different methods (classical breeding, anther culture, biotechnological methods,
etc.), researchers have tried to create new genetic variations using an alternative method; different physical and
chemical mutagens (agents that change the genetic structure of an organism) (Kokpinar et al., 2021).

Physical and chemical agents that artificially initiate hereditary changes to create variation in plants increase
genetic diversity in plants and help to create new mutant lines with improved characteristics (Krupa-Matkiewicz
et al., 2017). While physical mutagens cause more chromosome changes and larger DNA deletions, chemical
mutagens usually cause point mutations (Okagaki et al., 1991; Anonymous, 2024a).

More than 70% of the mutant varieties obtained and sold in the market to date have been obtained by using
physical mutants. The most commonly used physical mutation source has been gamma rays. Mutation breeding
was first performed in pepper in 1940 using X-rays (Daskalov, 1986). In later years, many researchers obtained
genetic variations using different physical and chemical mutagens (Micke and Donini, 1993; Lambat et al., 2012;
Sikder et al., 2013; Sikder et al., 2015; Cheng et al., 2019; Dhamayanthi and Reddy, 2000; Xu et al., 2020; Soyam,
2021; Tanaka et al., 2021; Maurya and Bahadur, 2022; Dongfu et al., 2022; Singh et al., 2022). Mutation breeding,
which is a method frequently used by plant breeders, is known to be an important method in terms of its lower
cost, providing a large number of genetic variations, and especially in the development of characters that show
simple heredity in self-pollinated plants (Sagel et al., 2002; Gerami et al., 2017). The frequency of mutation that
will occur with physical or chemical mutagen application can be 103 times higher than the mutation frequency
that will occur naturally (Kantoglu, 2014b). However, in mutation breeding, the emergence of new lines and their
detection can take a long time and with great difficulty. Since mutation breeding also occurs at low frequencies, if
a large number of plant materials (thousands of plants) are started, the formation of a new and desired character is
possible (Anonymous, 2024b).

As a result of studies using different physical and chemical mutation methods, many species and varieties with
the desired characters (dwarfism, high yield and quality, resistance to diseases and pests, etc.) have been developed
by many public and private companies in the world and in Turkiye (Tantray et al., 2017; Kazaz and Kholmurotov,
2022). Mutation breeding, due to its easy applicability, non-hazardous and environmentally friendly, fast and
proven breeding method, has been commercially used in more than 210 plant species in more than 70 countries
and more than 3.400 mutant plant varieties. The product with the most mutant variety production in the world is
rice (873 units), followed by barley (307 units), chrysanthemum (285 units), wheat (265 units) and soybean (182
units) is the fifth plants. The Asian region ranked first with 2.087 mutant varieties produced, followed by Europe
with 960, North America with 211, Africa with 82, and Latin America with 53 mutant varieties. The most
developed country in the world with mutant varieties was China. China, which had 817 mutant varieties, was
followed by Japan with 500 varieties and India with 345 varieties (Anonymous, 2024c). The number of mutant
pepper varieties produced and registered in the world was 16 (Table 2). In Turkiye, mutant varieties were registered
in 19 different plant species (Anonymous, 2024d). When table 2 was examined, it was seen that there was no
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registered variety in our country, but it was seen in the literature that many studies had been carried out since
ancient times under the leadership of Tiirkiye Atomic Energy (Tepe et al., 2003; Taner et al., 2004; Besirli et al.,
2007; Kantoglu et al., 2010; Kantoglu et al., 2014a-b, Sarigcam et al., 2017; Kantoglu et al., 2018; Biiyiikding et
al., 2019; Aziz et al., 2021).

Table 2. Mutant pepper varieties produced in the world.

Variety Name Latin Name Common Name Country Name Registration
Albena Capsicum annuum L. Green pepper Bulgaria 1976
F; Orange Beauty Capsicum annuum L. Vegetable Pepper ~ Russian Federation 2011
Friar KS80 Capsicum annuum L. Green pepper Italy 1985
Gornooriahovska door  Capsicum annuum L.  Pepper Bulgaria 1997
Horgoska slatka-X-3 Capsicum annuum L. Pepper Serbia 1974
Krichimsky ran Capsicum annuum L. Green pepper Bulgaria 1972
Ljulin Capsicum annuum L. Green pepper Bulgaria 1982
Longjiao 9 Capsicum annuum L. Pepper China 2005
MDU.1 Capsicum annuum L. Chilli India 1976
Nush-51 Capsicum annuum L. Sweet pepper Russian Federation 1991
Orangeva Door to door  Capsicum annuum L. Sweet pepper Bulgaria 1991
Rice Capsicum annuum L. Sweet pepper Bulgaria 1991
Yujiao 1 Capsicum annuum L. Pepper China 2002
Yujiao 2 Capsicum annuum L.  Pepper China 2006
Yujiao 3 Capsicum annuum L. Pepper China 2007
Yujiao 4 Capsicum annuum L. Pepper China 2007

Source: Anonymous, 2024c.

The plant species produced in Turkiye and registered by the IAEA are shown in Table 3. It has been seen that
most of the studies were on fruit species in Tlrkiye.

Table 3. Plant species recorded by the IAEA in Trkiye.

Variety Name Latin Name Common Name Country Registration
Name
Bademler Beyazi Chrysanthemum x morifolium Ramat Bademler Beyazi  Tirkiye 2022
Ege Meltemi Chrysanthemum x morifolium Ramat Chrysanthemum Turkiye 2022
Kaan Chrysanthemum x morifolium Ramat Chrysanthemum Tirkiye 2022
Ozan Chrysanthemum x morifolium Ramat Chrysanthemum Turkiye 2022
Nahita Solanum tuberosum L. Potato Tirkiye 2016
Onder Hordeum vulgare L. Barley Turkiye 2016
Aldamla Prunus avium L. Cherry Tirkiye 2014
Burak Prunus avium L. Sweet cherry Tirkiye 2014
Birkan Sesamum indicum L. Sesame Tirkiye 2011
ALATA Citrus limon L. Burm. Lemon Tirkiye 2010
Giilsen Citrus limon L. Burm. Lemon Turkiye 2010
Uzun Citrus limon L. Burm. Lemon Tirkiye 2010
Eylul Citrus limon L. Burm. Lemon Tirkiye 2009
TAEK-SAGEL Cicer arietinum L. Chickpea Tirkiye 2006
TAEK-PESKIRCIOGLU  Nicotiana tabacum L. Tobacco Tirkiye 1999
TAEK-TUTLUER Nicotiana tabacum L. Tobacco Tirkiye 1999
Akdeniz M-Q-54 Hordeum vulgare L. Barley Turkiye 1998
TAEK A3 Glycine max L. Soybean Tirkiye 1994
TAEK C10 Glycine max L. Soybean Tirkiye 1994

Anonymous, 2024c

Itis seen in the examination of academic studies that many studies have been conducted on the use of mutation
breeding in peppers in the world. Although the number of pepper varieties registered and recorded by the IAEA
seems to be low, it is known that there are still many studies in the breeding process around the world. In order to
determine the targeted characteristics in the studies, it is very important to create the variation to obtain with the
correct dose of mutagen (physical or chemical) applications. It should not be forgotten that the LD%° dose and dose
limits can be vary for each genotype to genotype (Spencer-Lopes et al., 2018; Celik et al., 2021). In order to
develop an effective variation, determining the LD mutagen dose specific to each variety or genotype before
starting the mutation breeding project increases the success of the study (Kantoglu, 2022). Some of the academic
studies on mutation breeding in pepper are as follows.
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Dongfu et al. (2022), in pepper (Capsicum annuum) used EMS chemical mutagens to increase genetic
variations. At the end of the study, it was reported that different structural variations were obtained at different
doses. Soyam (2021) used different doses of EMS (0.2, 0.3 and 0.4%) to increase chlorophyll in pepper and
ascorbic acid content, it was stated that as the EMS doses increased, the ascorbic acid content decreased and the
amount of chlorophyll-a increased. Tanaka et al. (2021) applied EMS to obtain seedlessness in pepper and stated
that they obtained seedless lines at the end of the study. Cheng et al. (2019) applied ethyl methane sulfonate to
determine the physico-biochemical characterization of leaf color in pepper. At the end of the study, it was stated
that leaf colors deteriorated according to the doses. Dhamayanthi and Reddy (2000) applied gamma rays (15, 25,
35 kR) and EMS (They investigated the effects of 0.8% and 1%) applications on the plant. EMS has been reported
to be more effective in inducing meiotic irregularities than gamma rays. Lambat et al. (2012) reported that gamma
rays (10 KR, 20 KR and 30 KR) and ethyl methane sulfonate (0.1%, 0.2% and in their studies investigating the
cytological and morphological effects of 0.3%) on pepper, they reported that it induced various nuclear and
chromosomal abnormalities. Sikder et al. (2015) reported that they used gamma rays and EMS mutagen on
tomatoes, and that as a result the increase in both mutagens, seed germination, seedling height and number of
pollen decreased. As a result of there was a decrease in productivity too. Sood et al. (2016) applied gamma ray
(0.5 kR, 1.0 kR, 3.0 kR, 5.0 kR, 8.0 kR, 11 kR, 13 kR, 16 kR, 19 kR and 22 kR) and EMS (0.1%, 0.25%, 0.50%,
0.75%, 1.0%, 1.25%, 1.5%, 1.75%, 2.0% and 3.0%) doses, there were decreases in germination, root length, shoot
length and seed emergence rate. It has been stated in the studies that UV rays are also used in mutation breeding
(Anonymous, 2024e) Rodriguez-Calzada et al. (2019) UV -B radiation in hot pepper (Capsicum annuum L.) on
morphology, phenolic compound production, gene expression and related drought stress responses, they reported
that UV-B reduced the length of stalk, stalk dry weight and number of flower primordia in pepper. Rajashekara et
al. (2021) Ultraviolet- In their study examining the effect of C radiation on the genetics and biochemical
composition of capsicum plants, they reported that they found minimum amounts of protein, carbohydrates and
free fatty acids in plants with very high mutation rates. Lee et al. (2014) used UV-ABC rays to study the mutated
lettuce ( Lactuca sativa L.) growth and phenolic compounds, they reported that repeated types of UV light
increased the phenolics in the plant; however, it seriously inhibited the growth of lettuce.

By following these positive developments in mutation breeding, this study aimed to determine the germination
rates and the "Effective Dose of Mutation (EMDs)" by using two different mutagens (gamma ray and Ethyl Metan
Sulfonate chemical) applying to three different pepper varieties (Cermik genotype, Ugburun and Kandil).

MATERIALS AND METHODS

Materials

The plant material used in the study were Cermik pepper, Ugburun and Kandil bell pepper. The seeds of these
material used as propagation material. Cermik is a local genotype and grown in Cermik district and Diyararbakar.
This genotype also has geographical indication registration certificate and the seeds were taken from Diyarbakir
Agricultural Research Institute which selected in recent breeding programme. Ucburun and Kandil bell pepper
varieties were also purchased in sealed packages from the authorized dealer of Antalya-based company.

Ethyl Methane Sulfonate as a chemical mutation material supplied from the company of Sigma-Aldrich. Co®°
source (power 2.07 kGy/h) from physical mutations was irradiated at TENMAK institution.

Methods

This study was carried out in the laboratory and greenhouse of the Department of Horticulture, Faculty of
Agriculture in Dicle University. The seeds used in the experiment were sown in laboratory and in greenhouse
conditions.

Chemical teratments

The seeds of the plant materials used in chemical trial were kept in containers filled with tap water for 12 hours
before EMS application. Different doses of EMS (Lambat et al., 2012; Devi and Selvakumar, 2013; Pharmawati
etal., 2018; Soyam, 2021) were prepared (0%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.75% and 1%) and 500 seeds were
put into each glass beaker; the seeds of the control group (0 dose) were also placed in glass beaker filled with tap
water again. For a total of 6 hours and 9 hours, petries with closed lids were shaken for 5 minutes/ hour for getting
homogeneous treatment. At the end of 6 and 9 hours (Tantray et al., 2017; Akalp and Piring, 2024), these seeds
were washed thoroughly under tap water three times at 20 minute intervals and then sown in petries.

Physical teratment

The seeds, which were exposed to gamma radiation by the authorities at the TENMAK office affiliated to the
Turkish Atomic Energy Agency, were sown when they arrived at Dicle University in the evening of the same day.
For gamma irradiation, 8 different doses of 0, 50, 100, 200, 300, 400, 500 and 600 Gy were applied, recent studies
used Co® source (Hayward et al., 1993; Tepe et al., 2003). The seeds exposed to mutagens and in control group
were sown in 45’ viols with a 2:1 (peat:perlite) mixture. After all sowing were completed, greenhouse temperatures
were kept at 25 °C in day and 22 °C at night.
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Establishment of experiment

The experiment was set up with 5 replications for each mutation application and 45 seedlings were used in
each replication. For germination tests, the experiment was set up with 4 replications in petri dishes in plant growth
chamber and each replication included 100 seeds. The germinated seeds were counted on the 7th, 14th, 21st, 28th
and 35th days after sowing. Seeds having 2 mm radicle were accepted as germinated. Germination rates were
determined with the number of seeds counted on the last day (35th day). 45 days after sowing, seedlings were
taken out of the viols and washed under tap water to determine the effective dose of mutation. In the experiments
some measurements and observations were taken such as germination percentages of EMS and gamma rays, height
of seedlings, for each variety and applications.

The obtained data were analyzed using variance analysis in the IBM SPSS v25 (2024) statistical package
program factorial experimental design and linear regression analysis were done with Excel Microsoft program.

RESULTS AND DISCUSSION

After the application of EMS doses on the seeds of three pepper varieties for different periods, germinated
seeds counted and the statistical results were given in Table 4. According to the Table 4, germination rates were
decreased in all pepper varieties while compared with control group. The effect of EMS applied at different doses
for 6 hours and 9 hours on the germination rates of seeds of Kandil variety were statistically significant. While the
highest germination rate of 86%; was obtained in control group but the lowest germination rate was O with the
dose of 1% for 9 hours application. Similar result were also for Ugburun variety; while the highest germination
rate was obtained in control group with 77%, but the lowest germination rate of (O) obtained in 1% doses.
Cermik variety even though being a local genotype have highest germination rate of 92% in the seeds of control
group and the lowest germination rate was 29% in 9 hours applications of 1%.

Table 4. Germination percentages of seeds 35 days after EMS application

KANDIL UCBURUN CERMIK
6 HOURS 9 HOURS 6 HOURS 9 HOURS 6 HOURS 9 HOURS

Applications Germination Germination Germination Germination Germination Germination

rate rate rate rate rate rate

(%) (%) (%) (%) (%) (%)
Control 80.50+3.79 a 85.50+2.31 a 74.00+1.37 a 77.00+£2.91 a 91.50+1.65 a 90.50+2.90 a
0.1% 79.00+3.53 a 59.00+1.19a  71.50+2.07 ab 57.50+£0.40b  88.00+0.87 ab 88.50+4.52 a
0.2% 77.00+2.41a  56.50£3.90ab  70.00+1.74 abc 54.50+1.24 b 91.00+0.58 a 88.00+0.43 a
0.3% 63.00+5.93 ab  43.50+3.77 be 62.50+2.15 be 52.00+£0.77b  87.00+1.04 ab 87.50+5.00 a
0.4% 44.50+£2.58 bc  39.00£2.69cd  58.50+1.46 cd 36.00+0.59 ¢ 81.00+0.58 be 86.50+2.20 a
0.5% 36.50+4.14 cd 28.50+4.01d 56.00+2.52 cd 31.50+3.89 ¢ 78.50+1.02 ¢ 86.00+2.33 a
0.75% 33.50+4.52 cd 0.50+0.80 e 56.00+1.02 d 0.00+0.83 d 69.00+£3.27d 35.50+1.72 b
1.0% 22.00+4.12d 0.00+1.24 e 41.50+7.16 ¢ 0.00+0.83 d 55.00+2.12 ¢ 29.00£2.23 b
p value <,0001 <,0001 <,0001 <,0001 <,0001 <,0001
Ccv 15.75 16.23 12.38 10.31 437 8.68
LSD 33.29 353 32.13 37.86 17.72 36.06

The effect of different doses of gamma rays on germination rate for the seeds of three different pepper varieties
were statistically significant as shown in Table 5. As the dose of gamma rays increased, the germination rate were
decreased for all three groups. While the highest germination rate of 93% was obtained in control group of Kandil
variety, the lowest germination rate of 9.50% was obtained at 600 Gy dose. A similar result was observed in
Ucburun variety; while the highest rate (93.50%) was obtained in the control group, but 600 Gy dose have the
lowest germination rate of 16%. In Cermik genotype the difficulties in germination can be explained, by incerasing
of dose cause to decrease the germination rate. As the highest germination rate was obtained in the seeds of control
group (94%), the lowest germination rate (47%) obtained at the highest dose of 600 Gy.

As a result of the study it can be said that decreases in germination percentages as a result of increasing EMS
application duration and EMS doses. A similar situation also occurred after the use of gamma rays, which are
physical mutagens. As the doses of gamma rays increase, the germination rate decreases. Pharmawati et al. (2018)
reported; using 0.5%, 0.75% and 1.0% EMS doses on pepper the germination and emergence of seeds decreased
with increasing dose while comparing to control group.

Similar results were reported by Sood et al. (2016) in determining the lethal dose with gamma rays and EMS
application on bell pepper. In the study, it was reported that high doses of gamma rays (19kR and 22kR) and EMS
(2.0 % and 3.0%) caused a decrease in percentages of seed germination and less growth of seedlings. Sanjai Gandhi
et al. (2014) reported that germination percentages decreased with increasing doses using ethyl methane sulfonate
(10, 20, 30, 40 and 50 mM ) and diethyl sulfate (5, 10, 15, 20 and 25 mM ) mutagens. Arisha et al. (2014) reported
that germination percentages decreased with increasing doses of EMS applied to pepper seeds (0, 0.25, 0.50, 0.75,
1.00, 1.25, 1.50, 1.75, 2.00, 2.25, 2.50% v/v). Alcantara et al. (1996) tried to determine seed mutagenesis in pepper
using 0.5%, 1.0% and 1.5% EMS doses and seeds exposed to 5°C, 10°C, 15°C and 20°C for 3, 6 and 9 hours.
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They stated that seeds treated with 1.5% EMS for 9 hours at 20°C in the M1 generation had the lowest germination
percentage among 36 treatments. Jabeen and Mirza (2002) reported that germination decreased with increasing
EMS (0.01, O.1, 0.5 % VN) concentrations in 3 and 6 hour applications in order to increase genetic variations in
pepper. It was reported that the lowest germination was obtained with 0.5% EMS application for 6 hours. Saba
and Mirza (2002) tried to determine genetic variations in pepper by using 0.1%, 0.5% and 1% ethyl methane
sulfonate (EMS) doses for 3 and 6 hours. It was reported that germination rates decreased with increasing doses.

Table 5. Germination percentages of seeds 35 days after gamma ray application.

KANDIL UCBURUN CERMIK
Applications Germination rate (%) Germination rate (%) Germination rate (%)
Control 93.00+£1.58 a 93.50+0.95 a 93.50+1.18 a
50 81.50+0.54 b 79.75£1.58 b 87.00+0.72 b
100 80.00+0.60 b 74.25+0.69 ¢ 86.50+0.24 b
200 75.00+0.72 be 72.75+0.58 cd 84.50+0.24 b
300 71.00+1.97 ¢ 68.50+0.98 d 79.25+0.74 c
400 49.50+1.59 d 51.00+1.73 e 75.00+0.87 ¢
500 16.00x1.95 e 19.50+0.20 f 55.75+0.48 d
600 9.50+1.47 e 16.00+0.70 f 46.75+1.59 e
cv 5.10 3.75 2.45
p value <,0001 <,0001 <,0001
LSD 42.98 38.72 22.52

The effect of physical mutation (gamma) doses applied to different types of pepper seeds on plant height during
the seedling period is given in Table 6. According to the table, the effect of gamma ray application on seedlings
height was statistically significant for all three types of pepper seeds.

Table 6. Effect of different Gamma doses on seedling height.

KANDIL UCBURUN CERMIK
Applications Seedling height (cm)
Control 10.71+£0.22 a 9.19+0.14 b 12.60+0.46 a
50 9.10+0.22 b 8.09+0.13 ¢ 10.15+0.32 b
100 6.05+0.13 ¢ 7.15+0.13 ¢ 8.18+0.22 ¢
200 4.97+0.07d 6.94+0.13d 6.68+0.21d
300 4.09+0.07 e 5.93+0.13e 6.76+0.30 cd
400 4.00+£0.07 e 4.85+0.22 ef 4.76£0.24 e
500 3.91+0.07 e 4.08+0.22 f 4.00+0.32e
600 3.79+0.07 e 3.68+0.22 a 3.39+0.29 e
p value <,0001 <,0001 <,0001
Ccv 9.420976 11,2007 14.62497
LSD 471 3.59 5.4

In terms of plant height, which is the most important parameter in determining the effective mutation dose in
mutation breeding, after gamma irradiation, the highest height was found in control group in Kandil, Ugburun and
Cermik pepper seedlings respectively; 10,71 cm, 9,19 cm and 12,60 cm. As the doses increased, decreases were
seen in these values compared to the seedlings of control group (Kandil: 3,79 cm; Ugburun: 3,68 cm; Cermik: 3,39
cm). According to the results of the statistical analysis; EMDs dose was calculated as 315,49 Gy in Kandil variety
as a result of gamma application. EMDsg of the Kandil variety is given in figure 1.
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Figure 1. Change in seedling heights of Kandil variety as a result of the application of gamma doses

The figure showing the EMDs; as a result of applying different doses of Gamma to the UB variety is given
below (Figure 2). The EMDs dose in the UB variety was determined as 454.95 Gy.
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Figure 2. Change in seedling heights of Ucburun variety as a result of the application of gamma doses

In Cermik genotype, the EMDso dose was determined by detecting abnormal shortening in the seedlings as a
result of the application of Gamma rays. In Cermik genotype, EMDso was determined 329.26 Gy due to Gamma
irradiation (Figure 3).
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Figure 3. Change in seedling heights of Cermik variety as a result of the application of gamma doses

As mentioned in the studies, there are different mutation doses among vegetable species and varieties. Kantoglu
(2022) reported that there were decreases in plant height with increasing gamma doses in his study to determine
the EMDsp dose in watermelon. In addition, Puripunyavanich, (2003), Velkov et al., (2016); Ernest et al., (2020),
Celik et al., (2021), Kantoglu and Kunter, (2021), Zafar et al., (2022) reported decreases in seedling heights in
parallel with increasing radiation doses in their studies. Tepe et al., (2003) reported that shoot development
decreased at doses of 200 Gy and that there were especially significant decreases at the dose of 400 Gy to find the
effective mutation dose in pepper. Micke and Donini (1993) also stated that doses of 140-220 Gy reduced shoot
development. Sood et al., (2016) reported that seedlings’length decreased in bell pepper at high doses of gamma
rays (19 kR and 22 kR). Kdkpinar et al., (2024) reported that for lettuce, plant height decreased as the dose of
gamma rays increased and the decreases were especially evident at the dose of 200 Gy.

The parameters shows the effects of different EMS doses on three different pepper seedlings were given in
Table 7. When table is examined, it was determined by examining the results the use of EMS doses in pepper
mutation breeding is important.

Table 7. Effect of Different EMS Doses Applied at Different Times on Seedling height

Kandil UB Cermik Kandil UB Cermik
6 Hours 9 Hours

Applications Seedling height (cm) Seedling height (cm)

Control 13.53+0.18 a 10,29+0,25 a 14,65+0,57 a 13.61+0.11 a 11.46+0.27 a 13.75+0.43 a
0.1% 10.49+0.19b 9,63+0,16 ab 14,11+0,58 a 9.69+0.13 b 9.58+0.13 b 13.2240.36 a
0.2% 10.09+0.13 b 9,01£0,13bc  12,58+0,54 ab 8.65+0.15 ¢ 8.83+0.08 b 11.70+0.34 b
0.3% 9.15+0.12 ¢ 8,44+0,19cd  12,59+0,53 ab 7.75+£0.13d 7.79+0.20 ¢ 11.68+0.40 b
0.4% 7.65+0.14d 8,14+0,17cd  11,58+0,45 bc 7.34+0.16 de 7.69+0.23 ¢ 9.90+0.23 ¢
0.5% 7.23+0.18d 7,55+0,32de  11,65+0,41 bc 6.86+0.19 e 6.95+0.18 cd 9.49+0.20 cd
0.75% 5.46+0.09 e 6,91+0,16 e 9,83+0,24 cd 4.91+0.10 f 6.62+0.15d 8.29+0.28 d
1.0% 4.34+0.09 f 4,90+0,22 f 7,84+0,20d 3.88+0.10g 4.63+0.27 e 6.451£0.18 ¢
p value <,0001 <,0001 <,0001 <,0001 <,0001 <,0001
CcVv 8.21 8,62 13,20 8.34 8.44 10.08
LSD 4,71 3,59 4,35 5.53 0.84 4.39
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The differences in plant heights was statistically significant as a result of application of EMS doses and
different durations. In Kandil, Ugburun and Cermik pepper seedlings, the highest height was determined in control
group seedlings (6-hour application: Kandil: 13,53 cm, Ucburun: 10,29 cm and Cermik: 14,65 cm; and 9-hour
application: Kandil: 13,61 cm, Ugburun: 11,46 cm and Cermik: 13,75 cm); as the doses increased, decreases were
obtained in these values compared to the seedlings in the control group (the lowest heights were at 1.0% doses). It
has also determined in recent studies; there were shortenings in plant heights measured after the application of
EMS in pepper (Kantoglu et al., 2014; Pharmawati et al., 2018; Akalp and Piring, 2024). Pharmawati et al. (2018)
reported that as a result of the application of ethyl methane sulfonate (0,5%, 0,75% and 1,0% EMS) in pepper,
plants were stunted in the M2 generation. Sood et al., (2016) tried to determine the LMso dose using gamma rays
and EMS in bell pepper. They reported that plant heights decreased with the application of 2,0% and 3,0% EMS.
Jabeen and Mirza (2002) reported that the 0.5% dose reduced height of seedlings by using different doses of EMS
(0,01, 0,1, 0,5% VN) in pepper.

The effect of EMS on seedling height in three different pepper types was tried to determine as EMDs value.
According to the measurements on the seedlings after 6 hours of application in Kandil variety, the EMDs, value
was determined as 0,67%. The figure below shows the effective mutation dose for Kandil variety (Figure 4).
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Figure 4: Determination of EMDs in Kandil pepper variety after 6 hours of EMS application

The EMDso determined as a result of applying different EMS doses for 6 hours to Ugburun variety is given in
figure 5. According to the data obtained by measuring the height of UB seedlings, EMDs, was determined as
0.97%.
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Figure 5. Determination of EMDs after 6-hour EMS application in Ugburun pepper variety
The EMDs, determined as a result of applying different EMS doses for 6 hours in Cermik pepper genotype

was given in figure 6. According to the data obtained by measuring the height of Cermik seedlings, EMDso was
determined as 1,08%.
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Figure 6: Determination of EMDs in Cermik pepper genotype after 6-hour EMS application.

In Kandil pepper variety, the EMDsp value was determined as 0,52% according to the measurements of the
seedlings after 9 hours of application. The figure below shows the effective mutation dose in Kandil variety (Figure
7).
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Figure 7. Determination of EMDs after 9-hour EMS application in Kandil pepper variety.

The EMDs, determined as a result of applying different EMS doses for 9 hours to Ucburun pepper variety was

given in figure 8. According to the data obtained by measuring the height of Ucburun seedlings, EMDso was
determined as 0,77%.
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Figure 8: Determination of EMDsy after 6-hour EMS application in Ugburun pepper variety.

The EMDs, determined as a result of applying different EMS doses for 9 hours in Cermik pepper genotype
was given in figure 9. According to the data obtained by measuring the height of Cermik seedlings, EMDs, was
determined as 0,89%.
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Figure 9: Determination of EMDs in Cermik pepper genotype after 9 hours of EMS application.
CONCLUSION

As the doses of physical and chemical mutagens, which are among the mutation breeding methods, increase,
they create physiological and morphological changes in the plant. Mutation breeding methods, which plant
breeders frequently use to create variations in shorter time with lower cost while compared to other method. And
also provide the opportunity to create new variety candidates with desired characters in many plant species. At the
end of the study, EMDs in three different pepper genotypes as a result of CO® irradiation, one of the gamma ray
types, was Kandil: 315.49; for Ucburun: 454.95 and Cermik: 329.26 Gy. The results obtained from Kandil bell
and Ucburun pepper varieties, which respond to the lower and upper limits of gamma ray dose, gave similar results
to the doses applied to other commercial varieties in academic studies. In the study, the application of different
EMS doses gave similar results for three different pepper seeds. At the end of the study, it was observed that with
increasing EMS doses, there were decreases in the "plant height™ parameter, which is used as a reference parameter
in determining the effective mutation dose. The results of this study were parallel to other academic studies were
obtained, with different doses of EMS applied to three different pepper seeds, the EMDs value in pepper was
between 0,67% and 1,08% in 6 hours of application. And It was found between 0,52% and 0,89% for 9 hours of
application. It was determined that the mutation frequency increased with the increase in application times; but it
was determined that the EMDsp value also decreased.

In this study, in which different physical and chemical mutagens were used, applications were made to three
different pepper varities, the effect of mutagen doses on seed germination and pepper seedlings were investigated,
and results of this research will be reference to future studies on mutation breeding. The later level of this study
will serve new breeding lines for new varieties.

Compliance with Ethical Standards
Peer-review
Externally peer-reviewed.

Declaration of Interests

There is no conflict of interest in the article

Author contribution

Each author has the equal contributiion (for each 50%)

Ethics committee approval

There is no need for ethichs committee approval.

Funding

This study is a part of the doctoral thesis and financially supported by Scientific Research Projects Coordinatioship
(DUBAP) of Dicle Universty.

Acknowledgments

The data in this article were taken from the final report of doctoral thesis project (Grant number: ZIRAAT.23.010)
supported by DUBAP of Dicle University. We would like to thank to DUBAP. In addition, we would like to thank
Turkish Energy, Nuclear and Mineral Research Agency (TENMAK) who did not spare their help in the application
of physical mutagen.

REFERENCES

Abak, K. (1983). Research on Obtaining Haploid Plants by Anther Culture in Pepper (Capsicum annuum L.).
Ankara University Faculty of Agriculture Yearbook. Volume: 33, separate edition from Fascicules 1-2-3-4,
155-163.

Akalp, E. & Piring, V. (2024). Ethyl Methane Sulfonate Mutagen Studies in Pepper (Capsicum annuum L.)

928



Akalp and Pirinc. Determination the effective dose of mutation in pepper Int. J. Agric. Environ. Food Sci. 2024; 8(4): 919-931

Breeding Variety. Black Sea Journal of Engineering and Science, 7(6), 25-26. doi:
10.34248/bsengineering.1509656

Anonymous (2024a). Retrieved in September, 30, 2023 from https://www.iaea.org/topics/mutation-induction

Anonymous (2024b). Retrieved in September, 30, 2023 from https://www.iaea.org/topics/mutation-detection

Anonymous (2024c). Retrieved in October, 26, 2023 from
https://nucleus.iaea.org/sites/mvd/SitePages/Home.aspx

Anonymous (2024d). Retrieved in October, 26, 2023 from
https://nucleus.iaea.org/sites/mvd/SitePages/Search.aspx

Anonymous (2024e). Retrieved in October, 26, 2023 from https://www.iaea.org/newscenter/news/what-is-
mutation-breeding

Alcantara, T.P., Bosland, P.W. & Smith, D.W. (1996). Ethyl methanesulfonate-induced seed mutagenesis of
Capsicum annuum. Journal of heredity, 87(3), 239-241. https://doi.org/10.1093/oxfordjournals.jhered.a022992

Arisha, M.H., Shah, S.N., Gong, Z.H., Jing, H., Li, C. & Zhang, H.X. (2014). Ethyl methane sulfonate induced
mutations in M2 generation and physiological variations in M1 generation of peppers (Capsicum annuum L.).
Front Plant Sci, 6: 399. https://doi.org/10.3389/fpls.2015.00399

Arisha, M.H., Shah, S.N., Gong, Z.H., Jing, H., Li, C. & Zhang, H.X. (2015). Ethyl methane sulfonate induced
mutations in M2 generation and physiological variations in M1 generation of peppers (Capsicum annuum L.).
Front Plant Sci, 6: 399. https://doi.org/10.3389/fpls.2015.00399

Aziz, S., Kantoglu, Y., Tomlekova, N., Staykova, T., Ganeva, D. & Sarsu, F. (2021) Molecular Characterization
of Tomato Genotypes (Solanum lycopersicum L.) by Simple Sequence Repeat (SSR) Markers. Presented at the
5th  Balkan Scientific Conference on Biology (BalkanBio'2021), Plovdiv, Bulgaria: Zenodo.
http://doi.org/10.5281/zenodo.4650460

Besirli, G., Gogmen, M., Yanmaz, R. & Kantoglu, K.Y. (2007). Diversity of Some Garlic (Allium sativum L.)
Genotypes and Mutants by RAPD Markers. V1. Vegetable Agriculture Symposium, 19-22 September 2006,
49-54p. Publisher: KSU Faculty of Agriculture Department of Horticulture, Kahramanmaras (in Turkish).

Biiyiikding, T.D., Kantoglu, K.Y., Karatas, A., ipek, A. & Ellialtioglu, S.S. (2019). Determination of effective
mutagen dose for carrot (Daucus carota ssp. sativus var. atrorubens alef and D. carota) callus cultures. IJSTR,
Vol.5, No.3: 15-23. https://doi.org/10.7176/ISTR/5-3-02

Cheng, G.X., Zhang, R.X., Liu, S., He, Y.M., Feng, X.H., Hag, SU. & Gong, Z.H. (2019). Leaf-color mutation
induced by ethyl methane sulfonate and genetic and physio-biochemical characterization of leaf-color mutants
in pepper (Capsicum annuum L.). Sci Hortic, 257(108709): 1-12.
https://doi.org/10.1016/j.scienta.2019.108709

Celik, O., Ayan, A., Merig, S. & Atak, C. (2021). Comparison of Tolerance Related Proteomic Profiles of Two
Drought Tolerant Tomato Mutants Improved By Gamma Radiation. Journal of Biotechnology 330: 35-44.
https://doi.org/10.1016/j.jbiotec.2021.02.012

Daskalov, S. (1973). Investigation of Induced Mutants in Capsicum annum L. 1. Mutants in the Variety Zlaten
Medal in Bulgaria Genetika i Selektsiya 6: 419-429. Printed by the IAEA in Austria.

Devi, S. A., & Selvakumar, G. (2013). Chemical mutagens induced alterations in chlorophyll mutants and flower
development of chilli (Capsicum annuum L.). Int. J. Mod. Agric, 2, 39-42.

Dhamayanthi, K.P.M. & Reddy, V.R.K. (2000). Cytogenetic effects of gamma rays and ethyl methane sulphonate
in chilli pepper (Capsicum annuum L.). Cytologia 65(2): 129-133. https://doi.org/10.1508/cytologia.65.129
Dongfu, H., Jianwen, H., Wenting, F., Mingwen, H. & Hong, Y. (2022). Phenotypic variation analysis of ethyl
methane sulfonate induced mutant population of pepper. Pak. J. Bot, 54(1): 195-203.

http://dx.doi.org/10.30848/PJB2022-1(9)

Ernest, F.P., Noélle, M.A.H., Godswill, N.N., Thiruvengadam, M., Simon, O.A., Bille, N.H., Martin, B.J.,
Rebezov, M. & Shariati, M.A. (2020). Radiosensitivity of Two Varieties of Watermelon (Citrullus lanatus) to
Different Doses of Gamma Irradiation. Brazilian Journal of Botany  43:897-905,
https://doi.org/10.1007/s40415-020-00659-8. https://doi.org/10.1007/s40415-020-00659-8

FAO (2022). Food and Agriculture Organization. Retrieved in December, 11, 2024 from
https://www.fao.org/faostat/en/#data/QCL

Gerami, M., Abbaspour, H., Ghasemiomran, V. & Pirdashti, H. (2017). Effects of ethyl methanesulfonate on
morphological and physiological traits of plants regenerated from Stevia (Stevia rebaudiana Bertoni) Calli.
Appl Ecol Env Res, 15(3): 373-385. http://dx.doi.org/10.15666/aeer/1503_373385

Hayward, M.D., Bosemark, N.O. & Romagosa, I. (1993). Plant Breeding, Principles and prospects. Zaragoza,
Spain. 16-29p. Publishing: Springer-Science+Business Media, B.V. by Chapman and Hall.

Jabeen, N. & Mirza, B. (2002). Ethyl methane sulfonate enhances genetic variability in Capsicum annuum. Asian
Journal of Plant Sciences, 1(4), 425-428. https://doi.org/10.3923/ajps.2002.425.428

Kantoglu, K.Y., Tepe, A., Kunter, B., Firat, A.F., Ekiz, H. & Peskircioglu, H. (2010). Farkli tip biberlerde
mutasyon 1slahi. s:1-7. Tlrkiye Atom Enerjisi Kurumu, Teknik Rapor (in Turkish).

Kantoglu, K.Y., Sagel, Z., Tutluer, i, Peskircioglu, H., Kunter, B., Ozgoban, M. & Karamanav, Z. (2014a).

929


https://doi.org/10.1093/oxfordjournals.jhered.a022992
https://doi.org/10.3389/fpls.2015.00399
https://doi.org/10.3389/fpls.2015.00399
http://doi.org/10.5281/zenodo.4650460
https://doi.org/10.7176/JSTR/5-3-02
https://doi.org/10.1016/j.scienta.2019.108709
https://doi.org/10.1016/j.jbiotec.2021.02.012
http://dx.doi.org/10.30848/PJB2022-1(9)
https://doi.org/10.1007/s40415-020-00659-8
https://www.fao.org/faostat/en/#data/QCL
http://dx.doi.org/10.15666/aeer/1503_373385

Akalp and Pirinc. Determination the effective dose of mutation in pepper

Int. J. Agric. Environ. Food Sci. 2024; 8(4): 919-931

Mutasyon islahi ile gelistirilen domates hatlarin verim ve Kkalite 6zellikleri. s:1-7. Turkiye Atom Enerjisi
Kurumu, Teknik Rapor (in Turkish).

Kantoglu, K.Y, Tepe, A., Kunter, B., Firat, A.F. & Peskircioglu, H. (2014b). Vegetable crops breeding by induced
mutation and a practical case study of Capsicum annuum L. Mutagenesis: exploring genetic diversity in crops.
Amsterdam, Netherlands,

1 41-56. Publisher:
https://doi.org/10.3920/9789086867967_004

Wageningen Academic.
Kantoglu, K.Y, Kantoglu, O., Ozmen, D., i¢, E., Ozcoban, M., Peskircioglu, H., Kunter, M. & Seger, E. (2018).
Quality and yield traits of developed mutant tomato lines. In: International Agriculture Congress, Abstract

Book, 9- 12 Mayis 2018, Van, s: 429. Publisher: Yuzuncu Yil University, Agriculture Faculty Journal of
Agriculture Science (in Turkish).

Kantoglu, K.Y. & Kunter, B. (2021). Mutasyon Islahi. Siis Bitkileri Islah1 (Klasik ve Biyoteknolojik Yo6ntemler).
p.145-203. Publisher Gece Kitapligi. (in Turkish).

Kantoglu, K.Y. (2022). Effects of gamma irradiation on seed germination in watermelon (Citrullus lanatus
(Thunb.) matsum & nakai) and determination of effective mutation dose. Publisher Alatarim. p. 21 (1): 10-17.
https://orcid.org/0000-0002-7247-9116

Kazaz, S. & Kholmurotov, M. (2022). Melezleme Yoluyla Giil Islahi. IT International scientific and practical
conference “’Sustainable Forestry”’ Scien innov, Special
https://doi.org/10.5281/zenodo.7206543

Issue, s: 268-275.
Kokpnar, S., Kantoglu, K.Y. & Ellialtioglu, S.S. (2021). Bitkilerde mutagen uygulamalari ile genetik ¢esitliligin

artirilmasi ve sebze 1slahinda kullanimi. Ziraat, Orman ve Su Uriinlerinde Arastirma ve Degerlendirmeler-1,
Ankara, Turkiye, Chapter 22, s. 341- 362. Gece Kitapligi/Gece Publishing (in Turkish).

Kékpinar, $.S., Kantoglu, K.Y. & Ellialtioglu, $.S. (2024). Morphological Effects of Mutation Breeding Method
in Lettuce (Lactuca sativa var. longifolia). Bahge, 53(Ozel Say1 1), 364-373 (in Turkish).
https://doi.org/10.53471/bahce.1509609

Krupa-Matkiewicz, M., Kosatka, A., Smolik, B. & Sedzik, M. (2017). Induced mutations through EMS treatment
and In Vitro screening for salt tolerance plant of petunia x atkinsiana D. Don. NAPOCA, 45(1): 190-196.
https://doi.org/10.15835/nbha45110578

Kurt, O. (2015). Bitki Islah1 Ders Kitab1. 5. Baski, No:43, s.3. Ondokuz Mayis Universitesi Ziraat Fakiiltesi
Yayinlari (in Turkish).

Lambat, A., Gadewar, R., Lambat, P., Charjan, S. & Gulhane, R. (2012). Effects of Gamma Rays and Ethyl
Methane Sulphonate on Chilli (Capsicum Annuum L.). Bion Front, VOL. 5, pp: 2.

Lee, M.J., Son, J.E., & Oh, M.M. (2014). Growth and phenolic compounds of Lactuca sativa L. grown in a closed-
type plant production system with UV-A-B, or C lamp. Journal of the Science of Food and Agriculture, 94(2),
197-204. https://doi.org/10.1002/jsfa.6227

(4B), 2412-2422.

Maurya, P.K. & Bahadur, V. (2022). Mutation and polyploidy breeding in vegetable crops: a review. Environment
and Ecology Interdisciplinary International Science Journal of Agricultural Science Relevant Research. 40

Micke, A. & Donini, B. (1993). Plant Breeding Principles and prospects. Zaragoza, Spain. 550p. Publishing:
Springer-Science+Business Media, B.V. by Chapman and Hall.

Okagaki, R.J., Neuffer, M.G. & Wessler, S.R. (1991). A Deletion Common to Two Independently Derived Waxy
Mutations of Maize. Gntcs, 127: 425-431. https://doi.org/10.1093/genetics/128.2.425

Pharmawati, M., Defiani, M. R., Wrasiati, L. P., & Wijaya, I. M. A. S. (2018). Morphological changes of Capsicum
annuum L. induced by ethyl methanesulfonate (EMS) at M2 generation. Current Agriculture Research Journal,
6(1), 1. DOI:10.12944/CARJ.6.1.0101

Puripunyavanich, V. (2003). Effect of Gamma Irradiation to Yellow Flesh Watermelon Cv. "Huay Sai Thong".
International Nuclear Information System (INIS), Report no INIS-TH-063.

Rajashekara, S., Khanum, S.S., Shanthala, M., Mallika, K.R. & Adaki, S. (2021). Influence of Ultraviolet-C
Radiation on Biochemical Compositions and Genetics of Capsicum Plants. 8(2), 91-103. Publishing:
Transactions on Science and Technology.

Rodriguez-Calzada, T., Qian, M., Strid, A., Neugart, S., Schreiner, M., Torres-Pacheco, |. & Guevara-Gonzélez,
R. G. (2019). Effect of UV-B radiation on morphology, phenolic compound production, gene expression, and

subsequent drought stress responses in chili pepper (Capsicum annuum L.). 134, 94-102. Publishing: Plant
Physiology and Biochemistry.
Saba, N. & Mirza, B. (2002). Ethyl methane sulfonate induced genetic variability in Lycopersicon esculentum. Int
J. Agric. Biol, 4, 89-92. http://www.fspublishers.org/published_papers/92737_..pdf

Sagel, Z., Peskircioglu, H., Tutluer, I., Uslu, N., Senay, A., Taner, K.Y., Kunter, B., Sekerci, S. & Yalcin, S.

(2002). Bitki Islahinda Mutasyon ve doku kiiltiirli Teknikleri. III. Ulusal Mutasyon Kursu Kurs Notlari. TAEK,
ANTHAM Niikleer Tarim Radyobiyoloji Bolimi, Ankara 2002, 111s (in Turkish).

Sanjai Gandhi, E., Sri Devi, A. & Mullainathan, L. (2014). The effect of ethyl methane sulphonate and diethyl
sulphate on chilli (Capsicum annuum L.) in M1 generation. International Letters of Natural Sciences, (05).

930


https://doi.org/10.3920/9789086867967_004
https://orcid.org/0000-0002-7247-9116
https://doi.org/10.5281/zenodo.7206543
https://doi.org/10.53471/bahce.1509609
https://doi.org/10.15835/nbha45110578
https://doi.org/10.1002/jsfa.6227
https://doi.org/10.1093/genetics/128.2.425

Akalp and Pirinc. Determination the effective dose of mutation in pepper Int. J. Agric. Environ. Food Sci. 2024; 8(4): 919-931

https://doi.org/10.18052/www.scipress.com/ILNS.10.18

Saricam, S., Kantoglu, K. Y., & Ellialtioglu, S. S. (2017). Determination of effective mutagen dose for lettuce
(Lactuca sativa var. longifolia cv. Cervantes) Seeds. Eurasian Journal of Agricultural Research, 1(2), 96-101.

Sikder, S., Biswas, P., Hazra, P., Akhtar, S., Chattopadhyay, A., Badigannavar, A. M. & D’Souza, S. F. (2013).
Induction of mutation in tomato (Solanum lycopersicum L.) by gamma irradiation and EMS. Indian Journal of
Genetics and Plant Breeding, 73(04), 392-399. https://doi.org/10.5958/j.0975-6906.73.4.059

Sikder, S., Ravat, V. K., Basfore, S. & Hazra, P. (2015). Isolation of induced mutants using gamma ray and ethyl
methane sulphonate in Tomato (Solanum lycopersicum L.). Electronic Journal of Plant Breeding, 6(2), 464-
471. https://doi.org/5.47.177.111

Singh, P., Singh, A. K., Singh, B. K., Pal, A. K., Chaubey, T., Singh, R. K. & Chaturvedi, V. (2022). Evaluation
of physical and chemical mutagens on various genotypes of brinjal (Solanum melongena L.) in M2 generation.
Vegetable Science, 49(1), 47-51. https://doi.org/10.61180/vegsci.2022.v49.i1.07

Sood, S., Jambulkar, S. J., Sood, A., Gupta, N., Kumar, R. & Singh, Y. (2016). Median lethal dose estimation of
gamma rays and ethyl methane sulphonate in bell pepper (Capsicum annuum L.). 48 (4) 528-535. Publishing:
SABRAO Journal of Breeding and Genetics.

Soyam, S.R. (2021). Effect of EMS (Ethyl methane sulphonate) on chlorophyll content and ascorbic acid of chilli
in M1 generation. 10(1): 331-332. Publishing: Journal of Pharmacognosy and Phytochemistry

Spencer-Lopes, M.M., Forster, B.P. & Jankuloski, L. (2018). Manual on Mutation Breeding Third Edition. Plant
Breeding and Genetics Subprogramme Joint FAO/IAEA Division of Nuclear Techniques in Food and
Agriculture Vienna, Austria. 299. Publishing: Food and agriculture Organization of the United Nations
International Atomic Energy Agency

Tanaka, Y., Mitani, A., Shimizu, N., Goto,T., Yoshida, Y. & Yasuba, K.I. (2021). Characterization and bulk
segregant analysis of a novel seedless mutant tn-1 of chili pepper (Capsicum annuum). Sci Hortic, 276, 109729.
https://doi.org/10.1016/j.scienta.2020.109729

Taner, K.Y, Besirli, G., Kunter, B. & Yanmaz, R. (2004). Determining Effective Radiation Mutagen Dose For
Garlic (Allium sativum L.). 33 (1-2), 95-99. Publishing: bahcejournal (in Turkish).

Tantray, A.Y., Raina, A., Khursheed, S., Amin, R. & Khan, S. (2017). Chemical mutagen affects pollination and
locule formation in capsules of black cumin (Nigella sativa L.). 8(1): 108-117. Publishing: International
Journal on Agricultural Sciences.

Tepe, A., Kantoglu, K.Y., Kunter, B., Peskircioglu, H. & Ekiz, H. (2003). Determination of Effective Mutagen
Dose for Pepper cv. Sera Demre 8. V. Ulusal Bahge Bitkileri Kongresi, 8-12 September. Antalya. p. 365-366.
Publishing: Hasat Yaymcilik (in Turkish).

TUIK  (2023). Turkish  Statistical Institute.  Retrieved in  September, 11, 2023  from
http://www.tuik.gov.tr/Satis.do%3Fmetod%3DGiris

Velkov, N., Tomlekova, N.B. & Sarsu, F. (2016). Sensitivity of Watermelon Variety Bojura to Mutant Agents
Co60 and EMS. 5(1): 105-110. Publishing: J. BioSci. Biotech

Zafar, S.A., Aslam, M., Albagami, M., Ashraf, A., Hassan, A., Igbal, J., Magbool, A., Naecem, M., Al-Yahyai, R.
& Zuan, A.T.K. (2022). Gamma Rays Induced Genetic Variability in Tomato (Solanum lycopersicum L.)
Germplasm. Saudi Journal of Biological Sciences 29, 3300—3307. https://doi.org/10.1016/j.sjbs.2022.02.008

Xu,D.P., Yao, Z. E., Pan, J. B,, Feng, H. Y., Guo, Z. Q. & Lu, X. L. (2020). Study on the multiple characteristics
of M3 generation of pea mutants obtained by neutron irradiation. Nuclear Science and Techniques, 31(7), 67.
https://doi.org/10.1007/s41365-020-00777-8.7-8.

931


https://doi.org/10.18052/www.scipress.com/ILNS.10.18
https://doi.org/10.5958/j.0975-6906.73.4.059
https://doi.org/10.61180/vegsci.2022.v49.i1.07
https://doi.org/10.1016/j.scienta.2020.109729
http://www.tuik.gov.tr/Satis.do%3Fmetod%3DGiris
https://doi.org/10.1016/j.sjbs.2022.02.008

