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Garlic has limited genetic variability because the offspring are phenotypically identical to
the parent plant. One approach to increase variability is mutation breeding using gamma
irradiation. This study aimed to evaluate the effects of different gamma-ray doses on growth
characteristics, physiological traits, chromosome number, and to determine the LDso (lethal

Keywords: dose 50%) in Lumbu Kuning and Lumbu Hijau garlic varieties. The experiment was
Aneuploid, conducted from May to September 2021 in Ngroto Village, Pujon District, Malang Regency,
Gamma rays, using a single-plot design with observations on individual plants. Garlic bulbs were
Mutation. irradiated with gamma rays at doses of 0, 2, 4, 6, 8, and 10 Gy. The t-test analysis of the M0
generation indicated that gamma irradiation significantly affected growth parameters,
including leaf length and width, number of leaves, and plant height, compared to the control.
The lowest mean leaf length (7.81 cm), number of leaves (3.22), and plant height (12.32 cm)
were observed in the Lumbu Hijau variety at 10 Gy, while the lowest leaf width (0.37 c¢cm)
occurred in Lumbu Kuning at 8 Gy, indicating phenotypic reduction at higher doses. The
highest chlorophyll content (1,091 mg/g) was recorded in Lumbu Hijau treated with 8 GYy.
Corresponding Author: Gamma irradiation also induced chromosomal abnormalities, including aneuploidy with
>4 adinnovy@unej.ac.id chromosome numbers such as 2n=2x—1 and 2n=2x+4. These results demonstrate that low-
(Adin Novitasari) dose gamma irradiation can generate useful variability for garlic improvement programs.

1. INTRODUCTION

Garlic (Allium sativum L.) is a horticultural plant that has many benefits, including being used as a spice, vegetable
pesticide, and medicine. Based on data from the Badan Pusat Statistika (BPS), the production of garlic in Indonesia
reached 81.80 thousand tons in 2020. This figure decreased by 7.89% compared to 2019, which reached 88.82
thousand tons, while the area of garlic harvested throughout Indonesia was 4271 ha in 2022. Garlic productivity in
Indonesia is far from sufficient to meet domestic demand. The constraints of garlic cultivation in Indonesia include
narrow harvestable land, high production costs, low seed quality, and low genetic variability of garlic. Garlic is
cultivated vegetatively through bulbs because garlic plants in Indonesia are unable to flower. This results in low
genetic variability of garlic. Vegetative propagation will reduce genetic variability because the resulting seedlings will
definitely be identical to their parents. Improving the genetic quality of garlic through conventional breeding
(crossbreeding) is very difficult. As a result, natural genetic variability within a single variety is very low, which limits
the opportunities for selection to obtain new superior traits. Therefore, garlic plant breeding efforts are needed to
increase genetic variability. One of the breeding methods that can be done is through mutation breeding.

Mutation is the easiest plant breeding method to obtain variability because it is able to change the genetic material
associated with changes in character, and the resulting character can be a new superior trait that is not owned by the
parent plant with unexpected results (Aisyah et a/. 2009). Mutations cause changes in genetic material that are
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random, unexpected and occur suddenly so that the results obtained are unpredictable. The event of mutation is called
mutagenesis, while mutants are living things that experience mutations and factors that cause mutations are called
mutagens. Mutations can be induced through physical, chemical, and biological mutagens. One of the physical
mutagens is gamma rays. Physical mutagens in the form of gamma rays are obtained from ionizing radiation. Gamma
rays are often used as physical mutagens in mutation breeding because they can increase variability so as to produce
new mutants. Gamma radiation emitted by the isotope Cobalt has high photon energy, enabling it to penetrate plant
tissue and induce changes in DNA structure. The factor that affects the formation of mutants due to gamma irradiation
is the radiation dose. The advantages of using gamma rays as a mutagen include being safe for humans and the
environment, being widely used on various species of plants, not requiring a detoxification process, being able to be
combined with other types of mutagens through in vitro culture, and supporting conventional breeding (Ulukapi &
Nasircilar, 2015). Gamma irradiation is reported to be able to induce genetic diversity in black oat plants (Silveira et
al., 2020). Gamma irradiation in in vivo conditions usually uses a dose of 20-80 Gy and in vitro conditions with a
dose of 8-35 Gy (Syukur et al., 2018). Based on the results of previous studies, it shows that ionizing radiation causes
different effects on plant anatomy, morphology, and biochemistry based on the dose used. Different doses will affect
different sensitivity in each plant. Plant sensitivity is influenced by the volume of DNA nuclei, ploidy level and
number of chromosomes. As a breeder, it is necessary to pay attention to the dose level of mutagen to be used, because
the dose of mutagen is one that determines the formation of mutants.

Gamma rays produce mutant plants such as shallot plants irradiated with 10 Gy gamma rays showing the highest
diversity in the character of wet and dry weight of bulbs. Lumbu Hijau irradiated with gamma rays at a dose of 6 Gy
produces garlic mutants that can adapt to the lowlands and have a higher chlorophyll content. The mutation frequency
due to gamma rays is influenced by the radiosensitivity of plants. The higher the radiosensitivity of irradiated plants, it
can be assumed the levels of oxygen and water molecules in genetic material, so that it will indirectly trigger the
formation of ROS (Reactive Oxygen Species) (Riviello-Flores et al., 2022). Thus, gamma irradiation at relatively low
doses has a positive effect on plant growth and tolerance to abiotic stress (Zhang et al., 2016).

Mutation induction using gamma rays applied to garlic bulbs of Lumbu Kuning and Lumbu Hijau varieties in this
study was conducted to determine the effect caused by gamma-ray mutagenesis on several garlic characters. Gamma
rays are expected to induce changes in various characters for the better. Research on the appropriate radiation dose is
crucial, as each variety has a different radiosensitivity. The novelty of this research lies in the LDso value and
information on the number of chromosomes resulting from mutation using gamma rays that emerge with broad
phenotypic and genotypic diversity as a basis for selecting future garlic varieties that are more productive and
adaptive. The purpose of this study was to determine the genetic variability of garlic varieties of Lumbu Hijau and
Lumbu Kuning on growth and physiological characters.

2. MATERIALS AND METHODS
2.1. Plant Materials

The research was conducted from May to September 2021. Gamma irradiation was conducted at the Center for
Nuclear Materials Technology - BATAN. The research was conducted in Ngroto Village, Pujon District, Malang
Regency. This study used ready-to-plant garlic bulbs of Lumbu Hijau and Lumbu Kuning varieties. Garlic bulb seeds
were obtained from the East Java Agricultural Instrument Standards Implementation Center.

2.2. Experimental Design

The experimental design used was the single plant method, which involved planting in the same cultivation
environment without repetition. The experiment was conducted without repetition because each plant had different
genetic potential. There are two varieties of garlic used, namely Lumbu Kuning and Lumbu Hijau. The doses used
were 0.2 Gy (D1), 4 Gy (D2), 6 Gy (D3), 8 Gy (D4), and 10 Gy (D5). The weight of the garlic bulbs used was
approximately 1.5-3 grams. A total of 40 plants per dose were irradiated, and observations were made on all plants.

2.3. Observation of Growth Characteristic

Some of the growth characters observed in Lumbu Kuning and Lumbu Hijau varieties were: 1) Plant length (cm); 2)
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Diameter of stem (cm); 3) Number of leaves (blade); 4) Leaf length (cm); 5) Leaf width (cm). Measurements were
taken once a week from 7 days after planting until harvest.

2.4. Stomata Characteristic

The stomatal characteristics observed included: 1) average number of stomata; 2) stomatal density (m?); 3) stomatal
length; and 4) stomatal width. Stomatal observations were conducted when the plants were 21 days after planting.
Stomatal observations were conducted on healthy, green leaves that were free from disease and had opened
completely. Preparations were made by isolating the leaf surface with clear nail polish and pulling it using a seed
isolation technique. The preparations were then observed under a microscope. The number of stomata, stomatal
density, stomatal length, and width were observed using the ImagelJ application.

2.5. Chlorophyll Content

The steps carried out were to prepare 2 g of healthy, fresh leaves (3—5 pieces) that were fully open (the top two
number 3 leaves that had opened). Next, the sample is ground using a mortar and pestle until it becomes a paste, along
with the addition of 10 ml of acetone, and placed in a vial, sealed, and stored in a refrigerator. Then, filter the solution
using Whatman 42 filter paper. The extract is collected in a vial. If necessary (still concentrated), take a test tube. Take
1 ml of extract and add 9 ml of acetone, then homogenize. Place in a cuvette and measure the absorbance at
wavelengths of 645 nm and 663 nm. The formula for calculating total chlorophyll is as follows (Arnon, 1949):

Chlorophyll Total (Ct,ug ml™') = chlorophyll a + chlorophyll b €))
(20.2 x 645) + (8.02 x A663) 2

Chlorophyll Total (Ct,ug ml™1)

2.6. Chromosome Analysis

The number of chromosomes, which is taking leaves and roots of the treatment results at the age of 4 months, with the
criteria of young roots. Observation of the number of chromosomes is done by the squashing method (Syukur &
Sastrosumarjo, 2013). The root of the garlic plant is cut at the tip to a length of 0.5-1 cm, then placed in a tube
containing 0.002 M 8-Hydroxyquinoline solution and placed in a refrigerator for 24 hours. Next, remove the roots
from the tube and place them in a tube containing an HCI solution with acetic acid in a ratio of 3:1 for 2 minutes and
heat in a water bath at a temperature of 60 °C for 2 minutes. Transfer the heated roots to a watch glass with the root
tips inside the glass, drip 2% acetoorcein for 10 minutes, place the cut root tips 1-2 mm on the object glass, drip 2
drops of 2% acetoorcein and cover with a cover slip, pass the specimen over a bunsen burner 2—3 times to maintain
sterility and tap it with a rubber-tipped pencil (Squash), then place the specimen under a light microscope to observe
the number of garlic chromosomes.

2.7. Lethal Dose (LDso)

Lethal Dose is the dose of gamma rays that can cause death in plants. Determination of LDsy which is determined
from the ratio of the number of living plants per dose to the number of living plants in the control. The determination
of the gamma ray dose that causes a lethal dose 50 (LDso) was performed using a linear regression equation. The LDso
value analysis was observed when the plants were 28 days old after planting, which was calculated as a percentage
using the following formula (Kurniajati, 2017):

(number of living plants per dose)

Percentage of plants growing = X 100% 3)

(number of living plants in the control treatment)
Determination of the best model for each variety by looking at the R? value. An R? value close to 1 indicates that the
model used is better.

2.8. Data Analysis

Quantitative data were subjected to #-test analysis at the 5% confidence level. The #-test is one of the tests used to
determine whether there is a significant difference between two means (averages) (Payadnya & Jayantika, 2018).
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3. RESULTS AND DISCUSSIONS
3.1. Growth Characteristic

The average characters of plant length, stem diameter, number of leaves, and leaf length of M1 potential mutant
showed a significant effect based on the results of t-test analysis on gamma ray doses of 2 Gy, 4 Gy, 6 Gy, 8 Gy, and
10 Gy on Lumbu Kuning. Furthermore, in the character of leaf width of Lumbu Kuning, doses of 4 Gy, 8 Gy and 10
Gy showed a significant effect based on the results of t-test analysis, while doses of 2 Gy and 6 Gy had no significant
effect (Table 1). In the Lumbu Hijau, all doses of gamma rays showed a significant effect on the characters of plant
length, stem diameter, number of leaves, leaf length, and leaf width (Table 2). Mutagens or materials that cause
mutations, new variability can be created in an effort to obtain superior varieties in accordance with the breeding
program (Harsanti & Yulidar, 2015).

Table 1. Results of #-test of control with gamma rays treated seeds on growth variables of Lumbu Kuning garlic

Variable Control DILK #test D2LK #test D3LK #test D4LK rtest DSLK  rtest
Plant length (cm) 46.98 35.13 9.59* 26.72 17.70* 31.16 10.57* 22.04 20.59* 17.54 35.88*
Stem diameter (cm) 1.32 0.69 10.05* 0.63 12.63* 0.66 10.93* 049 16.36* 037 17.13*
Number of leaves 6.02 495 3.15% 4.22 6.42* 5.00 3.17* 3.52 9.33* 3.47 7.08*
Leaf length (cm) 31.53 25.63 9.59* 21.72 550* 2414 421* 18.04 859* 11.74 14.86*
Leaf width (cm) 1.11 1.10 0.06ns 0.70 6.74%* 1.03 098ns 0.37 14.01* 0.70 6.53*

Description: LK = Lumbu Kuning; gamma-ray dose : D1 =2 Gy; D2 = 4 Gy; D3 = 6 Gy; D4 = 8 Gy; D5 = 10 Gy; *) = significant; ns = not
significant at 5% confidence level.

Table 2. Results of #-test of control with gamma rays treated seeds on growth variables of Lumbu Hijau garlic

Variable Control DILH +#test D2LH ttest D3LH ttest D4LH ttest DSLH ttest
Plant length (cm) 3739 23.05 9.89* 2561 6.63* 2041 10.41* 2093 9.32* 1232 17.18*
Stem diameter (cm) 0.69 0.55 4.59* 0.54 4.49* 0.36 10.10* 0.34 10.92*  0.31 11.93*
Number of leaves 5.7 3.72 8.08* 3.70 9.18%* 3.87 6.32%* 347 11.07* 322 11.85*
Leaf length (cm) 30.39 18.65 8.09* 2041 5.62* 1651 850* 1555 9.02% 7.81 15.97*
Leaf width (cm) 1.05 0.81 5.40%* 0.69 7.93* 0.67 7.24% 0.46 12.74* 0.50 11.33*

Description: LH = Lumbu Hijau; gamma-ray dose : D1 = 2 Gy; D2 = 4 Gy; D3 = 6 Gy; D4 = 8 Gy; D5 = 10 Gy; *) = significant; ns = not
significant at 5% confidence level.

Gamma radiation is often used in plant breeding efforts because it can increase variability, so as to produce new
mutants. Gamma rays are physical mutagens used to expand variability and improve plant traits. The benefits of
gamma rays as a mutagen are safe for humans and the environment, can be applied to various plant species, do not
require post-application processes, and can be combined with other modern mutation techniques, such as in vitro
reproduction (Ulukapi & Nasircilar, 2015). Gamma irradiation has been reported to induce genetic variability in
chrysanthemum, soybean, and black oat (Silveira et al., 2014). Factors that influence the formation of mutants include
the amount of radiation dose. The radiation dose applied varies depending on the level of sensitivity of the species and
the part of the plant being treated. The level of sensitivity is influenced by the size of the cell nucleus, the number of
chromosomes, and the degree of ploidy.

Gamma rays cause damage to plant cells. The decrease in the percentage of plant growth due to gamma radiation is
caused by the deterministic effect. The deterministic effect is the effect of cell death caused by radiation exposure.
According to Mubarok et al. (2011), the higher the radiation dose, the higher the deterministic effect received by
plants. Naturally, the chance of mutation in nature is 10-6 for each gene every generation. Previous studies have
shown that ionizing radiation has different effects on plant anatomy, morphology, and biochemistry based on the dose
used. Gamma irradiation at relatively low doses has a positive effect on plant growth and tolerance to abiotic stress
(Zhang et al., 2016). Research conducted by Choudry and Dyansagar reported that gamma radiation on garlic
produced 16 mutants in MV2 and MV3, while Marchesi obtained garlic mutants from gamma radiation at doses of 1—
4 Gy (Kurniajati, 2017).

Giving a high dose of irradiation to garlic bulbs results in slow growth due to metabolic changes and results in
disruption of protein synthesis that plays a role in plant growth (Winarni et al., 2022). Gamma radiation affects the
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length of garlic plants. In the Lumbu Kuning, the 10 Gy gamma ray treatment (17.54 cm) has the lowest plant length
compared to the control (46.98 cm) and other doses. Similarly, in the Lumbu Hijau, the 10 Gy gamma ray treatment
(12.32 cm) has the lowest plant length compared to the control (37.39 cm) and other doses. These results are in
accordance with the results of research Nurhasanah (2019) on garlic varieties of Lumbu Kuning and Lumbu Hijau
which showed that the higher the dose of gamma rays has the lower the plant length. Plants appear shorter because of
the inhibition of the development and growth of shoot meristem cells due to high radiation energy. In the characters of
stem diameter, number of leaves, leaf length and leaf width, gamma ray treatment decreased the observation results.
The higher the dose of gamma rays given, the lower the stem diameter, number of leaves, leaf length and leaf width.
Gamma-ray treatment is thought to cause physiological damage that affects the ability to grow and stimulate plant
organs. This is in accordance with the statement of Anshori et al. (2014) that gamma- ray irradiation inhibits the
growth of plant height. Gamma irradiation also reduced plant height, number of leaves, fresh weight and resulted in
explant death in rose plants (Moharrami et al., 2015).

Table 3. Results of #-test of control with gamma rays treated seeds on the stomatal characteristic of Lumbu Kuning garlic

Variable Control DILK ttest D2LK #test D3LK ttest D4LK #test D5SLK  #test

Number of stomata 54.33 49.00 2.43ns 62.67 -9.45ns 52.67 0.56ns 68.67 -2.0lns 64.33 -3.97ns
Stomatal density (mm?2) 276.84 249.68 2.43ns 319.32 -9.45ns 268.37 0.56ns 349.89 -2.0lns 327.81 -3.97ns
Stomatal length (um) 21.57 2254 -0.52ns 15.44 7.06* 21.40 0.43ns 18.54 5.65* 2048 0.76ns
Stomatal width (um) 7.77 829 -0.73ns 6.26  4.03* 9.82 -18.52ns 7.90 -0.20ns 7.70  0.12ns

Description: LK = Lumbu Kuning; gamma-ray dose : D1 =2 Gy; D2 = 4 Gy; D3 = 6 Gy; D4 = 8 Gy; D5 = 10 Gy; *) = significant; ns = not
significant at 5% confidence level.

Table 4. T-test of control treatment with D1LH, D2LH, D3LH, D4LH, D5LH on stomata characteristic

Variable Control DILH t#test D2LH ttest D3LH ttest D4LH ttest DSLH ttest

Number of stomata 43.33 48.33 -1.23ns 4833 -1.32ns 52.00 -1.0lns 55.33 -2.6lns 46.33 -1.00ns
Stomatal density (mm?) 220.81 246.28 -1.23ns 246.28 -1.32ns 264.97 -1.0lns 281.95 -2.6lns 236.09 -1.00ns
Stomatal length (um) 20.11 21.40 -0.65ns 20.38 0.37ns 15.59 2.08ns 18.98 0.59ns 25.74 -31.34ns
Stomatal width (um) 7.50 6.37 1.0lns 796 -1.0lns 659 0.59ns 6.83 047ns 798 -0.35ns

Description: LH = Lumbu Hijau; gamma-ray dose : D1 = 2 Gy; D2 = 4 Gy; D3 = 6 Gy; D4 = 8 Gy; D5 = 10 Gy; *) = significant; ns = not
significant at 5% confidence level.

3.2. Stomata Characteristic

Based on the results of the t-test analysis, it shows that gamma irradiation significantly affects the length of stomata on
Lumbu Hijau with doses of 4 Gy and 8 Gy, then gamma irradiation significantly affects the width of stomata on
Lumbu Hijau with a dose of 4 Gy (Table 3). Gamma irradiation did not show a real effect on all observation
characters on Lumbu Hijau (Table 4). Comparison of stomata in the control treatment and gamma irradiation is
presented in Figure 1.

In general, gamma irradiation increases the number of stomata and stomatal density but decreases stomatal length
and stomatal width in garlic plants of Lumbu Kuning and Lumbu Hijau. Stomata on the leaves have a function to
control the gas exchange process (CO. and water vapor) that occurs between the atmosphere and the leaves.
According to Pangesti & Ratnawati (2022), the decrease in the number and density of stomata is due to an increase in
the dose of gamma irradiation, which occurs due to damage to stomatal formation in cells that are sensitive to high
irradiation exposure. Generally, low-level irradiation produces higher observation values than the control (Rosmala et
al., 2016). This is in accordance with the results of the study which showed that doses of 2 Gy, 4 Gy, 6 Gy, 8 Gy and
10 Gy had a higher number of stomata than the control. Based on the statement of Meliala et al. (2016) stated that
genetic changes caused by mutation are unexpected, so that in one dose of treatment can appear diverse genetic
variations. Irradiation negatively affects plant tissue, damaging roots, stems, and growing shoots, which causes
morphological changes. These changes create an opportunity to obtain characters superior to their parents, resulting
from gamma radiation that inhibiting auxin production required for DNA formation (Qosim, 2006). Furthermore, the
formation and distribution of stomata are influenced by auxin regulatory pathways Balcerowicz & Hoecker (2014).
Auxin has the ability to influence the division and differentiation process of cells involved in stomatal formation.
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% = 1

Figurel. Gamma-irradiated stomata; Description: A). Control Lumbu kuning; B). Control Lumbu Hijau; C). Lumbu kuning + 8 Gy
gamma ray dose; and D). Lumbu Hijau + 8 Gy gamma-ray dose.

3.3. Chlorophyll Content

Based on the analysis, it can be seen that the Lumbu Hijau responds better than the Lumbu Kuning when given gamma
irradiation. This can be seen in Table 5, which shows that the total chlorophyll content of Lumbu Hijau is higher than
Lumbu Kuning. In the control treatment, the Lumbu Hijau also had a higher chlorophyll content. The highest total
chlorophyll content was the Lumbu Hijau treatment with 8 Gy gamma irradiation dose, while the lowest chlorophyll
content was the control treatment of Lumbu Kuning. This shows that gamma irradiation can increase the chlorophyll
content in garlic plants.

Table 5. Chlorophyll content of Lumbu Hijau and Lumbu Hijau due to gamma irradiation treatment

Treatment Chlorophyll a (mg/g DW) Chlorophyll b (mg/g DW) Total Dry Weight (mg/g)
Control LK 0.524 0.130 0.654
Control LH 0.684 0.188 0.871
DILK 0.659 0.190 0.849
D2LK 0.648 0.176 0.823
D3LK 0.727 0.208 0.935
D4LK 0.622 0.168 0.790
DSLK 0.662 0.173 0.841
DILH 0.782 0.231 1.013
D2LH 0.760 0.217 0.977
D3LH 0.772 0.239 1.011
D4LH 0.819 0.272 1.091
DSLH 0.725 0.268 0.993

Description: LK = Lumbu kuning LH = Lumbu Hijau; gamma-ray dose : D1 =2 Gy; D2 = 4 Gy; D3 = 6 Gy; D4 = 8 Gy; D5 = 10 Gy; *) =
significant; ns = not significant at 5% confidence level.

Chlorophyll content characterizes the chlorophyll content in the leaves that will be used for the photosynthesis
process. Chlorophyll is the green color of leaves. Chlorophyll is synthesized in chloroplasts. Chloroplasts are
organelles that are very sensitive to irradiation with high doses of gamma rays, while irradiation at low rates does not
cause changes in chloroplast structure (Wi et al., 2007). In dates (Phoenix dactilyfera) chlorophyll-a and carotenoids
are more sensitive to irradiation than chlorophyll-b (Al-Enezi et al., 2012). This is in accordance with the results of
research showing that chlorophyll a is more sensitive than chlorophyll b due to gamma irradiation. In this study,
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gamma-ray irradiation had a positive effect on chlorophyll content presumably because the dose given was low.
Research conducted by Kim et al. (2009) showed that gamma irradiation with a rate of 50 Gy increased the content of
chlorophyll and carotenoids in Arabidopsis leaves when compared to the control because the transcription process of
genes involved in chlorophyll and anthocyanin anabolism increased. In another study, it was mentioned that soybean
plants that had been irradiated at high doses (50-100 Gy) experienced a decrease in chlorophyll content
(Alikamanoglu et al., 2011). Thus, it can be concluded that low-dose gamma irradiation can increase chlorophyll
content due to the stress of gamma rays.

3.4. Chromosome Analysis

The results of chromosome analysis show that gamma irradiation affects the number of chromosomes in Lumbu
Kuning and Lumbu Hijau. In Lumbu Kuning, the doses of 2 Gy (2n = 2x+1), 4 Gy (2n = 2x+4), 6 Gy (2n = 2x+1), and
8 Gy (2n = 2x+4) produced aneuploid plants. In the Lumbu Hijau, doses of 2 Gy (2n = 2x+4) and 4 Gy (2n = 2x+1)
produced aneuploid plants. Aneuploidy is a genetic disorder in which there is an extra copy or loss of one
chromosome. The basic chromosome number of garlic is 2n = 2x = 16. Chromosome analysis is done to determine the
number of chromosomes due to gamma irradiation. Physical mutagens with gamma rays will cause large-scale DNA
deletions and changes in chromosome structure (Parry et al., 2009). Aneuploidy almost always hurts fertility due to
genomic imbalance. However, garlic is propagated vegetatively, and the impact on generative fertility is less of a
major constraint in breeding. The implications of aneuploidy on plant vigor can have both positive and negative
effects. Negative effects of aneuploidy include stunted growth, narrow leaves, and abnormal root development.
Positive effects include an increase in the size of certain cells and thicker leaves. However, these positive effects are
very rare. Gamma rays produce Reactive Oxygen Species (ROS), which interact with DNA and cause base
substitutions as well as genome rearrangements (Kebeish et al., 2015).

() (b) (©
Figure 2. Chromosomes resulting from gamma irradiation treatment: (A). Lumbu Kuning gamma rays 2 Gy B); Lumbu Hijau
gamma rays 2 Gy; C.) Control.

3.5. LDso

LDso value of Lumbu Kuning variety is 8 Gy with R? value = 0.4897. LDso value of Lumbu Hijau variety is 10 Gy
with R? value = 0.9249. The R? value that is getting closer to 1 indicates that the equation model used is getting better
so that it can represent the concentration and dose limits that can cause death in plant populations. LDso can be used to
determine the concentration and dose used for consideration in determining the treatment with the aim of obtaining
high diversity with a high percentage of mutants as well. The following are the percentages of plants surviving at each
dose of gamma radiation (Table 6).

Plant radiosensitivity is a measure of success to increase diversity through mutation that can be measured through
the lethal dose (LDso) (Yelni et al., 2019). The optimum dose to produce mutants is generally at or slightly below
LDso. Exposure to LDso can produce maximum mutant variants and minimize unwanted mutants. The LDso in this
study was used to determine the most effective irradiation dose, which is the dose that causes 50% of the planting
material (tubers) to die or fail to grow. This dose is considered optimal because it is high enough to produce genetic
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Table 6. Percentage of living plants

No Dose Lumbu Kuning Lumbu Hijau
1 Control 100 100
2 2Gy 92.5 67.5
3 4Gy 87.5 60
4  60Gy 925 50
5 8Gy 50 70
6 10 Gy 97.5 67.5
100 ® ° 100 @
0 | o ... I 90 y = -2.3571x + 80.952
................. RZ =0.2762
80 | e 80 el
< 70 y =-1.9286x + 96.31 s 7 o e * °
60 R?=0.1524 = 60 o e
a a
4 50 ) = 50 o
40 40
(a) (b)
30 30
0 2 4 6 8 10 0 2 4 6 8 10
Gamma Rays Dose (Gy) Gamma Rays Dose (Gy)

Figure 3. Effect of gamma rays dose on the percentage of abnormal seed growth (%) in the determination of LDso.

diversity and not too high so that there are still living individuals left for selection. The smaller the LDso value, the
greater the level of sensitivity to radiation (Azizah, 2015). Lumbu Kuning showed more tolerance to gamma rays
compared with Lumbu Hijau. This is suspected because Lumbu Kuning has greater genomic stability. High sensitivity
to radiation can result in the emergence of deadly mutants. Gamma rays in doses around LDso cause damage to
physiological functions and result in the death of half of the plant, but it is proportional to the genetic changes
obtained (Zanzibar & Witjaksono, 2011).

4. CONCLUSION

Doses of gamma rays 2 Gy, 4 Gy, 6 Gy, 8 Gy, and 10 Gy can affect the appearance of garlic plants of Lumbu Kuning
and Lumbu Hijau varieties on plant length, leaf length, number of leaves, and leaf width. Doses of 2 Gy, 4 Gy, 6 Gy,
and 8 Gy produce aneuploid plants in the Lumbu Kuning. LDso value of Lumbu Kuning is 8 Gy, and Lumbu Hijau is
10 Gy. Based on the results obtained, further research needs to be done to test the M1 results of gamma-ray mutation.
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