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Abstract. Lenawaty DY, Sukma D, Syukur M, Suprapta DN, Nurcholis W, Aisyah SI. 2022. Increasing the diversity of marigold (Tagetes
sp.) by acute and chronic chemical induced mutation of EMS (Ethyl Methane Sulfonate). Biodiversitas 23: 1399-1407. Increasing the
diversity of marigold (Tagetes sp.) can be carried out through chemical induction mutations with Ethyl Methane Sulfonate (EMS). This
study aims to obtain the LCso value, determine the sensitivity level of plants, and obtain plant diversity of Tagetes sp. with EMS both
acutely and chronically. The genetic material used in this study was derived from T. erecta genotype MGO04 and T. patula genotype
MG21. The acute mutation technique was performed by soaking the seeds in EMS concentration for 4 hours under 10 different
concentration levels (0%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0%, 1.5%, 2.0%, and 3.0%). The chronic mutation technique was carried out by
diluting the concentration of EMS LCso 1/10x, 1/100x, 1/1000x and immersion time of 6 hours, 24 hours and 48 hours. The study used a
Completely Randomized Block Design. Observations were made on the percentage of surviving plants, quantitative and qualitative
characters. The data obtained were analyzed using Boxplot and ANOVA. The results showed that the LCso value of T. erecta is 0.82%
and LCso of T. patula is 1.87%, which means that the sensitivity level of T. erecta to EMS treatment is quite higher than T. patula. The
acute application method shows a relatively low mutation rate and limited diversity of flower types. The chronic application method
produced various flower shapes and whiter flower color in T. erecta and T. patula resulting in a redder flower color than the acute
application method.
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INTRODUCTION Methane Sulfonate) (Purente et al. 2020). The physical
mutagens can be applied with acute irradiation and chronic

Marigold is one of the ornamental plants that is widely irradiation technique (Aisyah 2013). The application of

planted in Indonesia. People know this plant because of its
pungent aroma, known as the flower of “tahi kotok™ or
“telek-telekan” in Javanese and “gumitir” flower in
Balinese. Marigold (Tagetes sp.) belongs to the Asteraceae
family (Zanovello et al. 2021) and is related to
chrysanthemum and sun plants (Fauziana dan Susandarini
2019), has a striking color ranging from yellow, orange to
yellowish white (Bhusari et al. 2017). In the grouping there
are 3 types of marigolds namely “Wild Marigold” (Tagetes
minuta), “French Marigold” (Tagetes patula) and “African
Marigold” (Tagetes erecta) (Singh et al. 2016). This study
used the plant species T. erecta and T. patula.

The ornamental plant industry is growing and the
demand for variations in flower colors including marigolds
is relatively high. Mutation breeding can be carried out to
increase diversity with good quality plant results, unique
shape, and beautiful flower color. Induction mutations can
be carried out using physical or chemical mutagens. X-
rays, gamma rays and ultraviolet rays are included in
physical mutagens (Tharek et al. 2021), while chemical
mutagens commonly used in plants are EMS (Ethyl

physical mutagens with acute techniques is performed by
giving a dose at once in one irradiation shot. Whereas in
chronic technique, the irradiation is given in a very low
dose continuously for a longer period. Hase et al. (2020)
reported that chronic gamma-ray irradiation can cause a
greater genetic change than acute gamma-ray irradiation. In
this study, the authors carried out acute and chronic
chemical mutagen application using EMS. In the acute
technique, the mutagen is given once, in a single
concentration. Whereas in chronic technique, the mutagen
is given in a very low concentration continuously for a
longer period. Since chronic technique on EMS has never
been done before, therefore the concentration range of
EMS for chronic is determined from the LCsy of acute
technique which is done previously.

One of the advantages of mutation breeding is that
many species can be propagated vegetatively and sexually
(YYamaguchi 2018). Chemical induction mutations using
EMS have been widely used and have been shown to
increase genetic diversity. EMS can also decrease plant
height along with the increase of its concentrations to
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sunflower plants (Cveji¢ et al. 2011). According to
(Purnamaningsih and Hutami 2016), the EMS is often used
because it is easy to be obtained in the market and its
cheaper price. EMS chemical mutagens are alkaline, can
produce point mutations, and change nitrogen base pairs
(Talebi et al. 2012).

Some research results show that the application of EMS
can produce a yellow marigold putative mutant with 0.6%
EMS immersion and a concentration of 0.9% to get a
chimera mutant (Pratiwi et al. 2013). Rahmah (2011)
reported that immersion for 120 minutes and a
concentration of 0.77%, EMS can produce mutants with
large leaf stems and reddish stems in chrysanthemum
plants. Until now, there is no information about Lethal
Concentration 50% (LCso) for Tagetes sp., so it is
necessary to look for the LCso for Tagetes sp. LCs is also
known as LDso, is the dose or concentration that causes
50% of deaths in the mutagen-treated population
(Mangaiyarkarasi et al. 2014). Doses in the LCs range tend
to produce the most mutants (Aisyah et al. 2015). The
objectives of this study are to obtain the LCsp value, to
determine the sensitivity level of plants, and obtain plant
diversity of Tagetes sp. using EMS acute and chronic
application method.

MATERIALS AND METHODS

Study area and genetic material

This research was carried out from September 2020 to
July 2021 at the experimental farm of IPB Pasir Sarongge,
Cianjur, West Java, Indonesia with an altitude of 1100
meters above sea level. The materials used were seeds of T.
erecta genotype MGO04 and T. patula genotype MG21.

Procedures

All seeds that would be used in this study, were soaked
in water for 6 hours. This was done to speed up the
germination process. In addition, the water immersion at
this early stage is also used to select the level of seed
sensitivity and viability later. Below is the workflow or
flowchart of the steps on this research.

Seed of ——p EMS Acute Application ——p EMS Chronic —p  Diversity of
Tagetes sp. Method and Determine Application putative mutant
of LCsq Tagetes sp. Method

EMS acute application

The seeds were first soaked in water for 6 hours, then
the seeds were soaked in EMS solution for 4 hours with a
concentration level of 0% (control); 0.2%; 0.4%; 0.6%;
0.8%; 1.0%; 1.5%; 2.0%; 2.5%; 3.0%. Then the seeds were
rinsed with running water five times to remove the
remnants of the mutagen. The EMS-treated seeds were
germinated (45 seeds for each treatment, and a total of 900
seeds for 2 genotypes). The seeds were left for 5 weeks in
the seedling tray with husk, cocopeat, and manure in a ratio
of 1:1:0.5 (v/v). The germination rate was observed within
2 weeks, then the LCso value was calculated and used for
the chronic application method. The next stage is the
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transfer of surviving seedlings from EMS treatment to the
field and observed for their growth and morphology. Plant
maintenance in the field includes watering, controlling
pests and diseases, and fertilizing until the plants produce
seeds.

EMS chronic application

Seeds that have been soaked in water for 6 hours, then
soaked again in EMS solution. The EMS concentration
administered was based on the LCso obtained from the
previous acute mutation trial. The concentration level
consists of 4 concentration levels: 1. Without EMS
(control) with 6 hours of immersion; 2. The LCso
concentration was diluted 1/10x with a soaking time of 6
hours; 3. The concentration of LCsg is diluted 1/100x with
an immersion time of 24 hours; 4. The concentration of
LCso is diluted 1/1000x with an immersion time of 48
hours. After EMS chronic treatment, the seeds were rinsed
with water five times each for 2 minutes to remove the
remnants of the mutagen. Then the seeds were planted in
seedling trays with the mixed medium of husk, cocopeat,
and manure in a ratio of 1. 1. 0.5 (v/v). The seeds
germination was observed within 2 weeks, then after 5
weeks, the surviving seedlings were transferred to the field.

Data analysis

Determination of the LCso value is done by calculating
the percentage of surviving plants using CurveExpert 1.4
Software. Quantitative data analysis was performed using
ANOVA (Analysis of Variance) followed by DMRT
(Duncan Multiple Range Test) at 5% level and boxplot
analysis. Quantitative characters include plant height,
canopy width, stem diameter, number of branches, flower
diameter, flower length, and number of flowers. Qualitative
characters have leaf type, crown shape, flower type and
flower color. The qualitative characters are presented based
on UPQOV (The International Union for the Protection of
New Varieties of Plants) Tagetes L. ( UPOV 2007) and the
Mini RHCC (Royal Horticulture Color Chart) is used as a
reference for color coding.

RESULTS AND DISCUSSION

Seed sensitivity level

The percentage of survival plants showed that each
level of EMS concentration gave a different effect on two
species (Table 1). EMS concentration of 1.0% in the MG04
genotype gave a lower percentage of live plants than the
0.0% EMS concentration (control). These results indicated
that the higher level of EMS concentration damaged the
seed and caused the death of T. erecta seeds at
concentration levels of 1.5%, 2.0%, 2.5%, and 3%. T.
patula seeds could survive at any level of EMS
concentration. The results of the Curve-fit analysis showed
that the LCso value of T. erecta was 0.82% (Figure 1A) and
the LCso value of T. patula was 1.87% (Figure 1B). T.
erecta has a lower LCso value range than T. patula. Curve-
fit analysis shows that the LCso value of T. erecta was
lower than of T. patula. These results indicate that the
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sensitivity level of T. erecta to EMS is higher than that of
T. patula. The mathematical equations obtained are
quadratic fit models for T. erecta and T. patula (Table 2).

EMS acute application results

The results of the Anova test on T. erecta showed that
the EMS treatment had a significant effect on plant height,
the width of canopy, number of branches, and number of
flowers. Plant height at 0% concentration was higher than
0.6%, 0.8% and 1.0% (Table 3). The average plant height
ranged from 26.5 cm (1.0%) to 31.28 cm (0.0%). It
indicates that increasing the EMS concentration decreased
plant height. In T. patula, the results of the Anova test
showed that the EMS concentration had a significant effect
on plant height, stem diameter, flower diameter, and flower
number. Plant height at 0% concentration was higher than
other concentration levels (Table 4). It indicated that plant
height growth decreased with increasing EMS
concentration. The average plant height ranged from 102.4
cm (0.0%) down to 91.0 cm (3.0%).

The effect of EMS concentration on the qualitative
character of T. erecta plants is presented in Table 5. The
observations obtained differences between individuals
including parameters of flower type, flower color, and RHS
code. The concentration of EMS can cause changes in the
morphological characters of T. erecta such as canopy type
and dwarf plants M1-0.4%-39, M1-0.2%-10, M1-0.8%-05
(Figure 3).

The qualitative characters of T. erecta, such as color
and leaf type did not change, namely green color and
pinnate type. However, the shape of the resulting canopy
changed from semi-upright on control plants to spreading
at EMS concentration levels of 0.20% and 0.60%. The
shape of the flower is presented in Figure 4, at the
concentration level of 0.4% and 0.8%, it produces tubulate
and ligulate flower types, while at the concentration level
of 0%, 0.2%, 0.6%, and 1%, it produces all ligulate flower
types (Table 5). The effect of giving EMS concentration
level 0.8% can produce whiter flower color than other
concentration levels with RHS code N999D in M1-0.8%-
19 plants (Figure 4E).
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The effect of EMS concentration on the qualitative
characters of T. patula plants is presented in Table 6. The
qualitative characters of T. patula plants showed a
difference between individual plants, including flower
color parameters and RHS codes. Qualitative characters
such as leaf type, canopy type, and flower type did not
change. Plants M1-2.0%-37 (Figure 5H) produced a redder
flower color than other concentration levels, namely the
RHS code N45A.

The results of the boxplot analysis of T. erecta (Figure
2A) showed that plants from the 0.8% EMS treatment
resulted in a larger flower diameter than other plants by
7.19 cm on M1-0.8%-05 plants. The boxplot analysis on T.
patula (Figure 2B) showed that the 2.0% of EMS treatment
produced the smallest stem diameter compared to other
plants, which was 1.01 cm in M1-2.0%-30 plants.

Table 1. Percentage of seed survival of Tagetes sp. after EMS
treatment

EMS Percentage of seed survival (%)
concentration (%) T. erecta T. patula
0.0 100.00 100.00
0.2 91.11 82.22
0.4 88.89 75.56
0.6 75.56 73.33
0.8 35.56 71.11
1.0 22.22 68.89
1.5 0.00 62.22
2.0 0.00 37.78
2.5 0.00 11.11
3.0 0.00 2.22

Table 2. LCso value of Tagetes sp. after EMS treatment

Tagetes

0.0 T T T T T T T T T T

0.0 0.2 0.4 0.6 0.8 10 12

Concentration (%)

A

5 Model Equality LCso (%)
T.erecta Quadratic Fit y=3.75+ 2.17x — 2.44x? 0.82
y=a+bx + cx?
T.patula Quadratic Fit y=6.15+2.22x - 1.51x? 1.87
y=a+ bx +cx?
100.09
$=27.2019
s so0{ ° . =0.7123
§ 60.0 1
% 40.0 .
E 20.0
0.0 T T T T T 1
0.0 05 1.0 15 2.0 25 3.0
Concentration (%)
B

Figure 1. Percentage of survival and EMS concentration. A. T. erecta, B. T. patula
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Table 3. Effect of EMS concentration on the quantitative character of T. erecta under acute EMS application method

Concentration Plant Canopy Stem diameter  Number of Flower Flower Number of
EMS % height (cm)  widht (cm) (cm) branches  diameter (cm)  lenght (cm) flowers
0.00 31.28a 36.37a 1.10 9.61a 5.39 6.81 48.91b
0.20 28.74ab 36.19 1.03 9.11ab 5.36 6.77 44.53b
0.40 26.28b 32.01b 0.98 8.21b 5.28 6.51 45.44h
0.60 27.46b 33.35b 1.08 9.09ab 5.37 6.47 57.35ab
0.80 25.33b 32.07b 1.11 8.00b 5.82 6.70 51.87ab
1.00 26.50b 38.50a 1.06 8.83ab 5.50 6.50 62.67a

Note: Number followed by the same letter in each parameter show are not significantly different to DMRT 5% level

Table 4. Effect of EMS concentration on the quantitative character of T. patula under acute EMS application method

Concentration  Plant height Canopy  Stemdiameter  Number of Flower Flower Number of
EMS % (cm) widht (cm) (cm) branches diameter (cm) lenght (cm) flowers
0.00 102.4a 78.00 2.59b 5.91 3.65abc 9.78 538.70a
0.20 101.0ab 78.11 2.76ab 5.84 3.92a 11.05 524.4ab
0.40 100.7ab 74.47 2.78ab 6.20 3.63abc 12.2 478.90abc
0.60 101.6ab 73.2 2.57b 5.55 3.71ab 11.35 430.70abc
0.80 99.1ab 71.06 2.89ab 6.50 3.59abc 10.94 437.80abc
1.00 100.6ab 72.67 2.86ab 5.61 3.54abc 10.44 429.40abc
1.50 98.2ab 74.47 2.59b 5.53 3.68abc 10.87 441.00abc
2.00 96.0ab 72.23 2.35b 5.85 3.57abc 13.25 325.10abc
2.50 97.0ab 73.00 3.20a 6.00 3.27chc 10.00 293.00bc
3.00 91.0b 66.00 2.84ab 5.60 3.19¢ 11.60 276.80c

Note: Number followed by the same letter in each parameter show are not significantly different to DMRT 5% level

Table 5. Effect of EMS concentration on the qualitative character of T. erecta under acute EMS application method

Concentration (%) Genotype Leaf type Canopy type Flower type Flower color RHS code
0.00 M1.37 Pinnate Semi upright All ligulate Light Yellow RHS 4D
0.20 M1. 10 Pinnate Spreading All ligulate White RHS 155B
0.40 M1.24 Pinnate Semi upright Tubulate and ligulate White RHS 155C
0.60 M1.20 Pinnate Spreading All ligulate White RHS155D
0.80 M1.19 Pinnate Semi upright Tubulate and ligulate White RHS N999D
1.00 M1.13 Pinnate Semi upright All ligulate White RHS 155C

Note: Qualitative character based on UPOV 2007 Tagetes L. and Mini RHCC

Table 6. Effect of EMS concentration on the qualitative character of T. patula under acute EMS application method

Concentration (%) Genotype Leaftype Canopytype  Flower type Flower color RHS code
0.00 M1.04 Pinnate Upright ligulate and tubulate ~ Strong Reddish Orange =~ RHS 42B
0.20 M1. 10 Pinnate Upright ligulate and tubulate  Vivid Reddish Orange RHS 33B
0.40 M1.45 Pinnate Upright ligulate and tubulate  strong orange RHS N25A
0.60 M1.32 Pinnate Upright ligulate and tubulate Moderate Red RHS N34A
0.80 M1.32 Pinnate Upright ligulate and tubulate  strong orange RHS 24A
1.00 M1.31 Pinnate Upright ligulate and tubulate ~ Strong Reddish Orange =~ RHS 42B
1.50 M1.06 Pinnate Upright ligulate and tubulate ~ Strong Reddish Orange ~ RHS 42C
2.00 M1.37 Pinnate Upright ligulate and tubulate Moderate Red RHS N45A
2.50 M1.45 Pinnate Upright ligulate and tubulate ~ Strong Reddish Orange ~ RHS N34B
3.00 M1.16 Pinnate Upright ligulate and tubulate Moderate Red RHS N34A

Note: Qualitative character based on UPOV 2007 Tagetes L. and Mini RHCC
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Figure 2. Boxplot analysis of quantitative characters of acute application method. A. T. erecta. B. T. patula. PH: plant height, CW:
canopy width, SD: stem diameter, NB: number of branches, FD: flower diameter, FL: flower length, NF: number of flowers

Figure 3. Performance of qualitative morphology based on the shape of acute application method. A. M1-0.4%-24; B. M1-0.4%-39; C.
M1-0.2%-10; D. M1-0.6%-20; E. M1-0.8%-05 at 5 weeks after field planting (WAP)

Figure 4. Performance of qualitative morphology T. erecta acute application method. A. Control; B. M1-0.2%-10; C. M1-0.4%-24; D.
M1-0.6%-20; E. M1-0.8%-19, F. M1-1.0%-13 at 5 weeks after field planting (WAP)

Figure 5. Performance of the qualitative morphology of T. patula acute application method. A. Control; B. M1-0.2%-30; C. M1-0.4%-
45; D. M1-0.6%-32; E. M1-0.8%-08; F. M1-1.0%-31; G. M1-1.5%-06; H. M1-2.0%-37; I. M1-2.5%-45; J. M1-3.0%-34 at 25 weeks
after field planting (WAP)
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EMS chronic application results

The result from ANOVA analysis of EMS chronic
treatment on T. erecta genotype MGO04 showed a significantly
different response of the plants on the characters of plant
height, flower length, and the number of flowers (Table 7).
The plant height at the 1/1000 treatment level was significantly
higher than the control and the 1/10 EMS concentration
level treatment. The flower length at the 1/100 treatment
level was lower than that in the other treatment levels. The
number of flowers at the 1/100 concentration level was
higher than the other different treatment levels. The M1-
1/100-04 plant produced a larger flower diameter (6.87 cm)
and a higher number of flowers (52 flowers). ANOVA
analysis of EMS chronic treatment on T. patula genotype
MG21 showed a significant effect on plant height, the
number of branches, and flower diameter. The lowest plant
height was found in the 1/1000 EMS concentration level
treatment soaked for 48 hours, while the control, 1/10, and
1/100 EMS concentration level treatment did not give
significantly different results. In the number of branches,
1/10 EMS concentration level treatment had fewer
branches than 1/100 and 1/1000, however, it was not
substantially different from the control. The flower
diameter characters of control plants were significantly
larger than those of 1/100 and 1/1000 treatments (Table 8).

The plant of M1-1/10-28 and M1-1/100-26 showed a
whiter flower color than the plants in the other treatments,
with the RHS code NN155B (Figure 7). While the
qualitative characters such as color and leaf type did not
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change in all treatments. All leaf types are pinnate types in
the T. erecta and T. patula. However, the shape of the
canopy was changed from semi-upright in control plants
into spreading at the EMS concentration level of 1/100 and
1/1000. The shape of the flower is presented in Figure 7. At
the EMS concentration level of 1/10 and 1/100, flowers
shape was a tubulate and ligulate flower, while at the
control and 1/1000 EMS concentration level were ligulate
flower (Table 9).

The effect of EMS concentration on the qualitative
characters of T. patula plants is presented in Table 10. The
qualitative character of T. patula plant was different
between individual plants including flower color
parameters and RHS codes. At a concentration of M1-
1/1000-25, the flower color is redder than that in other
concentration levels, namely the RHS code N34A (Figure
8D). In the plant of M1-1/10-25 (Figure 8B), the orange
tubulate is more dominant than the red ligulate. Qualitative
characters such as leaf type, crown shape, and flower type
did not change.

The results of the boxplot analysis of T. erecta test
(Figure 6A) showed that the 1/100 concentration level
treatment produced the smallest number of branches are 5
branches on M1-1/100-08 plants and the largest flower
diameter 6.45 cm on MZ1-1/1000-15 plants. T. patula
(Figure 6B) showed that the 1/1000 concentration level
treatment resulted in the lowest plant height of 98 cm on
M1-1/1000-25 plants and the smallest flower diameter
parameter of 2.4 cm on M1-1/100-09 plants.

Table 7. Effect of EMS concentration on the quantitative character of T. erecta under the chronic EMS application method

Concentration Plant height Canopy Stem Number of Flower Flower Number of
EMS % (cm) widht (cm)  diameter (cm)  branches diameter (cm) lenght (cm) flowers
0.00 28.95¢ 35.24 0.93 7.09 5.41 7.97a 43.89b
1/10 30.86hc 36.82 0.94 7.30 5.38 8.00a 46.41b
1/100 32.29ab 37.96 1.02 6.89 5.73 6.50b 52.49
1/1000 33.29a 38.46 1.05 7.15 5.45 7.34a 45.21b
Note: Number followed by the same letter in each parameter show are not significantly different to DMRT 5% level

Table 8. Effect of EMS concentration on the quantitative character of T. patula under the chronic EMS application method
Concentration  Plant height Canopy Stem diameter  Number of Flower Flower Number of
EMS % (cm) widht (cm) (cm) branches diameter (cm)  lenght (cm) flowers
0.00 123.25a 109.71 2.28 8.93ab 4.03a 9.98 711.50
1/10 124.42a 112.42 2.19 8.08b 3.86ab 10.08 700.46
1/100 124.22a 113.52 2.33 9.43a 3.74b 10.14 660.90
1/1000 109.56b 113.88 2.36 9.44a 3.73b 9.31 641.00
Note: Number followed by the same letter in each parameter show are not significantly different to DMRT 5% level

Table 9. Effect of EMS concentration on the qualitative character of T. erecta under the chronic EMS application method
(C‘I)zr)lcentratlon Genotype tLyE;)aJ Canopy type  Flower type Flower color RHS code

0.00 M1.14 Pinnate  Semi upright  All ligulate Yellowish White RHS NN155A
1/10 M1. 28 Pinnate  Semi upright ~ Tubuligulate and ligulate White RHS NN155B
1/100 M1.26 Pinnate  Spreading Tubuligulate and ligulate White RHS NN155B
1/1000 M1.03 Pinnate  Spreading All ligulate Yellowish White RHS NN155A

Note: Qualitative character based on UPOV 2007 Tagetes L. and Mini RHCC
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Table 10. Effect of EMS concentration on the qualitative character of T. patula under the chronic EMS application method
Concentration Leaf
(%) Genotype type Canopy type Flower type Flower color RHS code

0.00 M1.18 Pinnate  Upright ligulate and tubulate Strong Reddish Orange RHS 42B

1/10 M1. 25 Pinnate  Upright ligulate and tubulate Moderate Red RHS N45A
1/100 M1.08 Pinnate  Upright ligulate and tubulate Vivid Reddish Orange RHS 33A
1/1000 M1.25 Pinnate  Upright ligulate and tubulate Moderate Red RHS N34A

Note: Qualitative character based on UPOV 2007 Tagetes L. and Mini RHCC

50

IS
S

Quantitative data
w
8

N
=

% G3
x G3

PH

w SD

A

NF

1400

1200

1000

800

600

Quantitative data

200

PH

Figure 6. Boxplot analysis of quantitative characters of chronic application method. A. T. erecta, B. T. patula. PH: plant height, CW:
canopy width, SD: stem diameter, NB: number of branches, FD: flower diameter, FL: flower length, NF: number of flowers

Figure 7. Performance of qualitative morphology T. erecta under the chronic EMS application method, A. Control; B. M1-1/10-28; C.
M1-1/100-26; D. M1-1/1000-3 at 5 weeks after field planting (WAP)

Figure 8. Performance of the qualitative morphology of T. Patula under the chronic EMS application method, A: Control; B. M1-1/10-
25; C. M1-1/100-08; D. M1-1/1000-25 at 21 weeks after field planting (WAP)
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Discussion

It is essential to determine the LCso value to find the
level of EMS concentration that causes 50% of the seeds to
survive (Keadtidumrongkul et al. 2018). LCso can be
calculated based on the percentage of live plants for 2
weeks. The data was used to determine the sensitivity level
of Tagetes sp. Kangarasu et al. (2014) stated that we must
know the LCsp value in advance to determine the sensitivity
level. Table 1 shows damaged seeds due to the higher
concentration of EMS. This damage caused the death of T.
erecta seeds at concentration levels of 1.5%, 2.0%, 2.5%,
and 3%. Meanwhile, T. patula still germinates and
survives at all levels of EMS concentration. Based on the
results of this study, we can see that T. erecta is more
sensitive to EMS than T. patula.

The percentage of live plants in both genotypes
decreased with increasing levels of EMS concentration.
This is in line with research (Eswaramoorthy et al. 2021)
increasing the dose of EMS concentration reduces the
percentage of live plants cowpea. Roychowdhury dan Tah
(2011) also reported that the rate of germination and
survival decreased as the concentration of EMS was
increased in Dianthus caryophyllus.

Curve-fit analysis shows that the LCso value of T.
erecta was lower than of T. patula. These results indicate
that the sensitivity level of T. erecta to EMS is higher than
that of T. patula. This level of sensitivity can be influenced
by the concentration of EMS and the type of genotype
used. A relative of the marigold plant, sunflower seeds,
produces an LCso value of 0.68% (Cvejic¢ et al. 2011). The
result of Rahmah (2011) showed that the EMS
concentration of 0.77% and the immersion time of 120
minutes resulted in a putative mutant with reddish stems
and large leaf stems in chrysanthemum plants.

In this study, the induced diversity of Tagetes sp. using
EMS acute application method showed that increasing
EMS concentration can impact plant growth like plant
height decrease. This result is supported by the research of
(Rime et al. 2019) showed that the plant height of mango
decreased along with the increase of the EMS
concentration. Similar results were reported by (Cveji¢ et
al. 2011) in the sunflower that EMS decreased the plant
height by increasing its concentration. This phenomenon
can be associated with abnormal cell division and may
impair cell division and gene expression (Tarigan et al.
2021). The concentration of EMS caused the changes in the
morphological characters of T. erecta, such as dwarf plants
in M1-0.4%-39, M1-0.2%-10, and M1-0.8%-05 (Figure 3).
Variations in the canopy type were found in M1-0.4%-24,
M1-0.4%-39, M1-0.2%-10, M1-0.6%-20, and M1-0.8%-
05. The disruption of protein synthesis can inhibit plant
development. EMS chemical mutagens are alkaline, which
can change nitrogen base pairs (Talebi et al. 2012).

The results of diversity of T. erecta are expected to
meet consumer demand for ornamental plants that want
unique and beautiful characters (Yamaguchi 2018),
including putative mutants with different crown types from
the control in M1-0.4%-24; M1-0.2%-39; M1-0.6%-10;
M1-0.6%-20; and M1-0.8%-19 (Figure 4). The diversity
produced from chemical mutations of T. erecta was found
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around the LCso concentration of 0.8% resulting in canopy
type, flower type, and the flower color is whiter than the
control plants. The diversity of T. patula was also produced
around the LCso concentration of 2.0% resulting in a darker
red flower color than the control plants. This phenomenon
is in line with Aisyah et al. (2015), many mutants were
produced at a concentration of around LCso, namely at
concentration levels of 0.82% and 1.87%. Research results
from Pratiwi et al. (2013) showed that 0.6% EMS
concentration could produce a yellow marigold flower
putative mutant, and 0.9% concentration produced chimera.

In the application of acute methods, the chemical
mutagen was given once, at a high concentration level
therefore, the ability of plants to survive, as well as the
mutant frequency created, is getting lower. For this reason,
the chronic application was carried out to provide a low
concentration level by diluting the dose LCsy and
immersing seeds for a longer period. The application of a
low concentration of EMS with a longer immersion time
can cause most cells to obtain continuous exposure to
EMS. Therefore, they become very sensitive during cell
division and finally created more changes. The LCsq value
of T. erecta, was 0.82% and the LCs value of T. patula
was 1.87%.

The EMS acute application shows a relatively low
mutation rate, and the form of flower types is still limited.
EMS Chronic application resulted in better putative
mutants. In T. erecta, various flower shapes and colors
were produced by chronic technique, whiter than those
produced by acute mutation technique. In T. patula the
flower color resulting from chronic is redder than those
treated by acute application method. The new plant
diversity resulting from this research has to be maintained
by replanting to the next generation until producing stable
mutants.
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