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Abstract. Haring F, Farid M, Ridwan I, Anshori MF, Fadhilah AN, Hartanto KB. 2024. Polyploidization of three Chrysanthemum varieties
in vitro at various levels of colchicine soaking length. Biodiversitas 25: 3496-2503. The demand for new types and varieties of
chrysanthemums with unique characteristics, such as various colors, shapes, and sizes, continues to increase. One approach that can be
taken to achieve this diversity is through mutation techniques using chemical mutagens such as colchicine to obtain polyploid plants.
This research, which aims to determine the best varieties and soaking time for colchicine in forming polyploid plants in vitro, has the
potential to impact the field of Chrysanthemum breeding significantly. The research was arranged in a split-plot design (SPD), with the
main plot being the Chrysanthemum variety (v), consisting of the Pinka Pinky (v1), Lollipop (v2), and Maruta (v3) varieties. The
subplot is the soaking time at a colchicine concentration of 0.05%, which consists of 0 hours (t0), 4 hours (t1), 8 hours (t2), and 12 hours
(t3). The parameters observed were the number of shoots, number of leaves, number of roots, time to sprout, time to root, time to form
plantlets, and polyploidy analysis. Chromosome doubling in chrysanthemum plants after 0.05% colchicine induction with different
soaking times produced mixoploid plants or the highest chromosome doubling of 9.18% + 18.82%, namely in the Lollipop variety with
a soaking time of 12 hours. Meanwhile, other treatments did not show chromosome doubling and remained diploid but had different

levels of chromosome variation.
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INTRODUCTION

Chrysanthemums are superior ornamental plants that
are usually used as cut flowers or to be cultivated in pots
with increasing popularity and are now the main focus in
development (Mekapogu et al. 2022; Datta 2023). The need
for chrysanthemums in Indonesia is relatively high, ranging
from 1,000 to 1,500 pots for exhibitions and 5,000 for
weddings. Apart from domestic needs, chrysanthemums are
also exported to other countries, with export volume in
2021 reaching 131.4 tons, which increased by 67.8% to
220.6 tons in 2022, according to data from the BPS (2023).
However, Chrysanthemum flower production in Indonesia
in 2022 amounted to 323.61 million stalks, a decrease of
5.94% compared to the previous year, which reached
344.03 million stalks, even though demand for new types
and varieties with unique characteristics continues to
increase. Therefore, a solution is needed to produce new
types and varieties of Chrysanthemum plants with distinctive
traits, such as various colors, shapes, and sizes.

One approach that can be taken to achieve this diversity
is through mutation techniques, which offer a very wide
variety that can create a significant market due to the
diversity of flower types and colors (Yoosumran et al. 2018;
Mekapogu et al. 2020; Datta 2023). The polyploidization
mutation technique can open new opportunities in
developing Chrysanthemum varieties (Niazian and Nalousi

2020). Polyploidization is a change in which the entire set
of chromosomes is duplicated through the process of
mitosis or meiosis, which involves unreduced gametes and
hybridization between species (Donne et al. 2020;
Shariatpanahi et al. 2021). Artificial polyploidization
generally uses chemicals, one of which is colchicine. The
use of colchicine functions to prevent the formation of
spindles in meristem cells in the mitosis stage so that the
chromosomes divide into two, but in metaphase and
anaphase, this does not occur and results in the number of
chromosomes in the cell doubling (Forkosh et al. 2020;
Khah et al. 2022). Colchicine functions as a polyploidy-
inducing agent by inhibiting cell division at the mitosis
stage (Roy et al. 2020; Touchell et al. 2020; Hailu et al.
2021). Thus, administering colchicine is a method that can
be used to increase plant production by producing
polyploid individuals in vitro (Widoretno et al. 2023;
Hernandez et al. 2024). The resulting polyploid plants can
potentially increase genetic strength and disease resistance
and improve the quality of specific traits (Liu et al. 2022;
Omere et al. 2022). Therefore, using colchicine for in vitro
vegetative growth is an effective strategy for improving
plant genetics to support plant resistance and production.
Polyploid organisms have cells with more than two sets
of chromosomes (Fox et al. 2020; Mezzasalma et al. 2021).
An increase generally follows chromosome doubling in
plant morphological size, such as an increase in fruit,
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flowers, stems, leaves, and roots (Miri 2020; Arindyaswari
eta al. 2021; Hooghvorst and Nogues 2021). The size of the
stomata in polyploid plants is generally larger, and the
density of the stomata is reduced (Yao et al. 2023).
Polyploidization does not always provide a positive
response to plants. Success in producing polyploid cells
depends on several factors, including the part of the plant
being processed, the species, and the colchicine used
(Touchell et al. 2020). Using colchicine on each plant will
give a different response, depending on the concentration
and length of soaking (Mastuti et al. 2022). Using
colchicine in high concentrations and for a long time will
cause plant growth to be hampered, so an effective
concentration and the right soaking time are needed
(Mangena 2021; Mastuti et al. 2022). Several studies have
shown the effect of soaking time and colchicine concentration
on the growth and characteristics of Chrysanthemum plants.
Daryono and Rahmadani (2009) found that soaking for 12
and 24 hours with a concentration of 0.05% gave the best
results on plant height, number of roots, leaves, and shoots.
On the other hand, Nursalmin et al (2018) studied the
Pasopati variety and found that a concentration of 0.04%
colchicine in soaking for 1 hour had a better effect on the
number of leaves, nodes, and roots, Sulistianingsih (2004)
on hybrid dendrobium orchid plants showed that a
concentration of 0.02% colchicine by soaking for 6 hours
gave the best results on stem diameter and flower size. The
results of the latest research by Sudirman (2022) on
sapphira taro plants confirm that using colchicine at low
concentrations and optimal soaking can effectively double
chromosomes.

Previous research, including results from Heo et al.
(2016), confirmed that careful soaking with low
concentrations of colchicine can increase the efficiency of
polyploidy production. Thus, applying this method
provides a solid foundation for developing higher-quality
Chrysanthemum varieties and opens the door to innovation
in plant breeding. Based on the description above, research
regarding the evaluation of long soaking treatments for
several Chrysanthemum varieties in vitro is an interesting
topic to develop. This research aims to identify the
interaction of several Chrysanthemum varieties at various
levels of colchicine soaking time and determine the
varieties and soaking time that result in polyploidization in
Chrysanthemum plants in vitro.

MATERIALS AND METHODS

Study area

The research was conducted at the Tissue Culture
Laboratory, Department of Agricultural Cultivation, Faculty
of Agriculture, Universitas Hasanudin, Makassar, South
Sulawesi, Indonesia, from August to November 2023.

Procedures
Sterilization of bottles, planting tools, and laminar air flow
cabinet (LAFC)

The bottles and tools are sterilized in an autoclave at a
temperature of 121°C with a pressure of 17.5 psi (pounds
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per square inch) for one hour. Please turn on the blower
and laminar lamp, spray the laminar with 70% alcohol, and
dry it with tissue. Laminar Air Flow Cabinet (LAF) in UV
for one hour.

Media preparation

Media preparation begins with making a stock solution
with the composition of MS media, with the volume of
each MS stock being 1,000 mL. Stock solution preparation
is done by dissolving the chemical composition with sterile
distilled water, then adjusting the pH to 5.8, placing it in a
pan, and adding agar. Heat the media on an electric stove,
then remove and pour 25 mL into each culture bottle after
boiling. Next, the culture bottle was placed in culture wine
for one week to determine the sterility of the media.

Colchicine solution preparation

Preparation of the colchicine solution begins with
making a 0.6% colchicine stock solution (0.6 g colchicine/100
mL with a ratio of 50 mL DMSO and 50 mL sterile
distilled water), which is modified by Sudirman (2022).
Dilution of the colchicine solution for immersion treatment
in 100 mL was carried out in laminar at a concentration of
0.05% by taking 8.3 mL of the colchicine stock solution
and adding 91.7 mL of sterile distilled water, soaking the
plantlets in colchicine solution and planting using in vitro
plantlet shoots of Chrysanthemum plants, which are then
used as explants for polyploidy induction material.

Maintenance

Maintenance was done by spraying 70% alcohol on the
culture bottle to avoid contamination in each research
treatment. This is carried out every day. If there is
contamination, the culture bottle is immediately removed
from the incubation room.

Data analysis

The research was arranged in a split-plot design (RPT),
with the main plot being the Chrysanthemum variety (v),
consisting of the Pinka Pinky (v1), Lolipop (v2) and
Maruta (v3) varieties, as well as subplots is the soaking
time at a colchicine concentration of 0.05%, consisting of 0
hours (t0), 4 hours (t1), 8 hours (t2) and 12 hours (t3). Each
treatment was repeated three times so that there were 108
observation units. Data were analyzed using the F test to
determine the interaction between varieties and soaking
time. If the variance is real, continue with the least
significant difference (LSD) further test at the 5% level and
the orthogonal polynomial correlation test by calculating at
the r-value; an r-value of 0 means there is no correlation
between the two variables, 0-0.25 means very low
correlation, 0.25-0.5 means medium correlation, 0.5-0.75
means high correlation, 0.75-0.99 means very high
correlation and 1 means perfect correlation (Bargawa and
Syahputra 2021) and calculate the R2 value to see how
much an independent variable influences the dependent
variable (Ozili 2023). The parameters observed were the
number of shoots and leaves. Shoots were counted up to 12
WAP, excluding those at the base of the shoot. Leaves
were counted based on the number that grew after soaking.
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Other parameters included the maximum 12 WAP based on
fully open leaves, the number of roots based on roots that
have formed a maximum of 12 WAP, and the start of life
when root nodules appear. The time to sprout (DAP) was
determined by the day the first shoot appeared on the
sample after soaking, the time to rooting (DAP) by the day
the first roots appeared on the sample after soaking, and the
time to forming plantlets (DAP) by the day the shoots and
roots first formed with leaves. Polyploidy analysis was
conducted using flow cytometry.

RESULTS AND DISCUSSION

Analysis of variance in the number of shoots, number of
leaves, and number of roots

The results of variations in the characteristics of the
number of shoots, leaves, and roots in Table 1 show that
the variety treatment did not have a significant effect. On
the other hand, the length of soaking and the interaction
between the two greatly influence the number of
Chrysanthemum shoots. Furthermore, the character's number
of leaves and roots, variations in treatment, length of
soaking, and course interactions influence these two
characters. Regarding the number of shoots, the interaction
of the Maruta variety without colchicine soaking (v3t0)
gave the best number of shoots with an average value of
2.33. It was similar with soaking times of 4 hours (t1) and

Table 1. Characteristics of the number of shoots, number of leaves,
and number of roots of several Chrysanthemum varieties at
various levels of colchicine soaking time
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12 hours (t3) and is very different from the soaking time,
namely eight hours (t2). Regarding the number of leaves,
the interaction of lollipop varieties without colchicine
soaking (v2t0) gave the best number of leaves with an
average value of 15.00. Significantly different from the
other three levels of soaking time. For the character of the
number of roots, the interaction between lollipop varieties
with a soaking time of 8 hours (v2t2) gave the best number
of roots with an average value of 7.67. Significantly
different from the other three levels of soaking time.

Analysis of sprouting, rooting, and plantlet formation with
the time variations

The results of the variation in characteristics of sprouting
time, rooting time, and plantlet formation time in Table 2
not only demonstrate the significant impact of variations in
treatment, soaking time, and their interaction on these three
characters but also point to potential applications in
agriculture and horticulture. For instance, the interaction of
the pinka pinky variety without colchicine soaking (v1t0)
produced the best rooting time, with an average value of
5.67 DAP, significantly different from the other three levels of
soaking time. Similarly, the interaction of lollipop varieties
without colchicine soaking (v2t0) led to the best sprouting
time and form plantlets, with average values of 6.11 DAP
and 6.22 DAP, respectively, and was significantly different
from the other three immersion time levels.

Table 2. Characteristics of various characteristics of germination time,
rooting time, and plantlet formation time for several Chrysanthemum
varieties at various levels of colchicine soaking time

Soaking Variety CV (v) Soaking Variety CV (v)
length vl v2 v3 BNT o.05 length vl v2 v3 BNT o.05
Number of shoots Sprouting time
t0 1¢ 25, 2.33%, 0.267 t0 6.50 % 6.112; 7.002m 1.834
t1 13, 12g 13, tl 29.00¢  40.67%; 36.00°
t2 13, 12g 0P t2 33.78°¢  50.56 2 0.00°¢s
t3 13, 123 13, t3 42.31¢, 50.89°, 583323,
Average 1 1.25 1.08 Average 27.90 37.06 25.33
NP(t) BNT o005 0.143 NP(t) BNT o.0s 1,353
Number of leaves Root time
t0 8.00¢q 15.00%, 13.33%, 0.741 t0 5.67 2 5722 6.002m 1.834
t1 2.33¢ 4.83°, 6.002r tl 37.31%  3856%;  36.50%
t2 11.673%  4.00°s 0.00 ¢q t2 83.25%, 39.93P;  0.00¢
t3 0.33 ¢ 8.00°4 9.00%s t3 80.22°y 829823, 64.61¢
Average 5.58 7.96 7.08 Average 51.61 41.80 26.78
NP(t) BNT o005 0.481 NP(t) BNT o.0s 1,353
Number of roots Shaping planlet time
t0 467", 5.832 4.67°, 0.591 t0 6.50 % 6.22 2% 7.002m 1.760
t1 1.335, 1.67°, 3.002q tl 37.31°, 40673  38.50°
t2 4.00° 7.67% 0.00 s t2 83.25%, 50.56° 0.00 s
t3 1.335, 1.00°; 2.33% t3 80.22°y 82983, 64.61¢
Average 2.83 4.04 2.50 Average 51.82 45.11 27.53
NP(t) BNT o.05 0.370 NP(t) BNT o.0s 1,732

Notes: Numbers followed by the same letter in the same column
(a, b, ¢) and row (p, g, r) mean that they are not significantly
different in the BNT o.s follow-up test

Notes: Numbers followed by the same letter in the same column
(a, b, €) and row (p, g, r) mean they are not significantly different
in the BNT o.05 follow-up test
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Polynomial orthogonal correlation test
Number of shoots

The correlation value of the number of shoots (Figure
1) for the Pinka Pinky variety shows a value of (r)=0,
meaning that there is no relationship between the length of
colchicine soaking and the character of the number of
shoots of the Pinka Pinky variety. In comparison, the
correlation value for the Lollipop variety (r=0.96607) and
the Maruta variety (r=0.97442). This means that there is a
very close positive relationship between the length of
soaking in colchicine and the characteristics of the number
of shoots of the two varieties. The R? @ for the Pinka
Pinky variety shows a value of R?“0%, meaning that there
is no contribution from the long colchicine soaking
treatment to the number of shoots of the Pinka Pinky
variety. The R 2 value for the Lolipop and Maruta varieties
is respectively R?=0.9333 and R?=0.9495, meaning that the
contribution of the long-term colchicine soaking treatment
to the number of shoots of the Lolipop variety was 93.3%
and Maruta was 94.9%.

Number of leaves

The correlation value of number of leaves (Figure 2) for
the Pinka Pinky variety (r=0.463141), meaning that there is
a weak positive relationship between the length of
colchicine soaking and the number of leaves for the Pinka
Pinky variety, while the correlation value for the Lolipop
varieties (r=0.993227) and Maruta (r=0.949052), meaning
that there is There was a very close positive relationship
between the length of colchicine soaking and the leaf
number characteristics of the two varieties. The R? Y for
the Pinka Pinky, Lolipop, and Maruta varieties are
respectively R?70.2145, R?70.9865, and R?0.9007,
meaning that the contribution of the long soaking treatment
of colchicine to the number of leaves of the Pinka Pinky
variety is 21.5%, Lolipop is 98.7% and Maruta at 90.1%.

Number of roots

The correlation value of the number of roots (Figure 3)
for the Pinka Pinky variety (r=0.551) and Lollipop
(r=0.40694), meaning that there is a weak positive
relationship between the length of soaking in colchicine
and the number of roots for the two varieties, while the
correlation value for the Maruta variety is (r=0), meaning
there is no There is a relationship between the length of
colchicine soaking and the number of roots of the Maruta
variety. The R 2 @ for the Pinka Pinky, Lolipop, and
Maruta varieties are respectively R?0.3036, R%*70.1656,
and R?°0.802, meaning that the contribution of the long
soaking colchicine treatment to the number of roots of the
Pinka Pinky variety is 30.4%, Lolipop is 16.6% and Maruta
at 80.2%.

Sprouting time

The correlation value of sprouting time (Figure 4) for
the Pinka Pinky varieties (r=0.983412), Lollipop
(r=0.995741), and Maruta (0.646452), meaning that there is
a very close positive relationship between the length of
colchicine soaking and the germination time of these three
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varieties. The R? V@ for the Pinka Pinky, Lolipop, and
Maruta varieties are respectively R?0.9671, R*0.9915,
and R*0.4179, meaning that the contribution of the long
soaking colchicine treatment to the germination time of the
Pinka Pinky variety is 96.7%, Lolipop is 99.2% and Maruta
at 41.8%.
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Figure 1. Orthogonal polynomial interaction graph of the influence
of variety and length of colchicine soaking on the shoot number
characteristics of Chrysanthemum plants in vitro
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Figure 2. Orthogonal polynomial interaction graph of the influence
of variety and length of colchicine soaking on the character of the
number of leaves of Chrysanthemum plants in vitro
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of variety and length of colchicine soaking on the root number
characteristics of Chrysanthemum plants in vitro
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Time takes root

The correlation value of time takes root (Figure 5) for
the varieties Pinka Pinky (r=0.9755), Lollipop
(r=0.954568), and Maruta (0.686804), meaning that there is
a very close positive relationship between the length of
soaking in colchicine and the rooting time of these three
varieties. The R? “aues for the Pinka Pinky, Lolipop, and
Maruta varieties are respectively R?0.9516, R*0.9112,
and R¥0.4717, meaning that the contribution of the long
colchicine soaking treatment to the rooting time of the
Pinka Pinky variety is 95.2%, Lolipop is 91.1% and Maruta
at 47.2%.

Time to form plantlets

The correlation value of time to form plantlets (Figure
6) for the Pinka Pinky varieties (r=0.974372), Lollipop
(r=0.981326), and Maruta (0.663174), meaning that there is
a very close positive relationship between the length of
colchicine soaking and the rooting time of these three
varieties. The R? “@us for the Pinka Pinky, Lolipop, and
Maruta varieties are respectively R?0.9494, R?0.963, and
R?0.4398, meaning that the contribution of the long
soaking colchicine treatment to the rooting time of the
Pinka Pinky variety is 94.9%, Lolipop is 96.3% and Maruta
at 43.9%.

The differences in phenotype of various Chrysanthemum
varieties are shown in Figure 7 and the differences in
phenotype of chrysanthemums at various colchicine
immersion times are shown in Figure 8.

Ploidy analysis of the three Chrysanthemum plant varieties
induced by colchicine in vitro

Based on the results of ploidy analysis using the flow
cytometry method in Table 3, it shows that chromosome
doubling in chrysanthemums after induction of 0.05%
colchicine with different soaking times produced mixoploid
plants or the highest chromosome doubling of
9.18+18.82%, namely in the Lollipop variety with a
soaking time of 12 hours (v2t3) (Table 3). Meanwhile,
other treatments did not show chromosome doubling and
remained diploid but had different levels of chromosome
variation.

BIODIVERSITAS 25 (8): 3496-2503, August 2024
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Figure 6. Orthogonal polynomial interaction graph of the influence
of variety and length of colchicine soaking on the characteristics
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Table 3. Results of ploidy analysis of the three Chrysanthemum varieties induced by colchicine in vitro

Treatment Chromosomes detected Mean-x % Gated Chromosomal dominance Information
vit2 (1) 2n 254.70 29.38 2n Diploid
vit2 (2) 2n 243.59 28.20 2n Diploid
vit2 (3) 2n 263.00 16.22 2n Diploid
v2t3 (1) 2n-3n 264.17 352.16 9.18+18.82 3n Mixoploid
V2t3 (2) 2n 219.40 39.39 2n Diploid
v2t3 (3) 2n 206.38 14.89 2n Diploid
v3t3 (1) 2n 206.37 33.78 2n Diploid
v3t3 (2) 2n 219.13 38.57 2n Diploid
v3t3 (3) 2n 219.66 24.30 2n Diploid
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Figure 7. Growth of the three varieties (Pinka Pinky, Lollipop, and Maruta) of Chrysanthemum plants with a soaking time of A. 4
hours; B. A soaking time of 8 hours; C. A soaking time of 12 hours; D. The control

Figure 8. Growth of the A. Pinka Pinky variety; B. Lollipop variety; C. Maruta variety at 4 hours soaking time, 8 hours soaking time, 12
hours soaking time, and control

Discussion

The analysis of variance (Tables 1 and 2) shows that the
treatment of Chrysanthemum varieties and soaking time
and their interaction had a significant influence on almost
all the observed characters, except for the observed
character treatment of Chrysanthemum varieties on the
number of shoots. Generally, a fairly large variance analysis
can be an initial basis for selecting important characteristics
in evaluating technology packages for growth and
production (Fadhilah et al. 2022). This concept has been
reported by Abduh et al. (2021) and Farid et al. (2022) in
maize. Therefore, all characters can still be evaluated
further with deeper analysis.

The effect of long-term colchicine soaking treatment
with a contribution of more than 90% on the Lollipop and
Maruta varieties shows that both varieties have susceptibility
or sensitivity to colchicine soaking so that both show a
quadratic response, in contrast to the Pinka Pinky variety,
which does not show any response. This happens because
long periods of soaking in colchicine can inhibit the growth
of shoots or the morphology of a plant (Fathurrahman
2023). The Pinka Pinky variety is a Fiji pink-derived
variety tolerant to 0.05% colchicine treatment. The effect
of administering colchicine up to a specific dose can
increase plant size, but an increase that exceeds the cell
capacity to adapt to this mitosis-inhibiting agent can hurt
cell growth, causing a decrease in shoot growth (Mo et al.
2020; Mangena and Mushadu 2023).

Observations of the characteristics of the number of
leaves, sprouting time, rooting time, and plantlet formation
time, which decreased with increasing soaking time,
showed that long periods of soaking in plants caused
plantlet growth to be hampered. On the other hand, soaking
for a shorter duration or even no soaking treatment showed

increased growth. This occurs due to longer soaking in
colchicine, where polyploid induction often results in
incompatibility in the induced plants. The finding that the
Lollipop variety, with a soaking time of 8 hours, showed
the highest number of roots, indicating its potential
tolerance to the colchicine soaking period, is of significant
importance. It underscores our research's impact on plant
genetics and its potential to revolutionize plant breeding
strategies.

Based on the phenotype of each Chrysanthemum variety
shown in Figure 7, the Lollipop variety (v2) is a variety
that is more tolerant and has better growth compared to the
other two varieties in the overall soaking treatment given,
namely, soaking time of 4 hours (A), soaking time of 8
hours (B), soaking time of 12 hours (C) and control (D).
Likewise, Figure 8 shows the phenotypic performance of
each variety, with the Lollipop (v2) (B) variety showing a
more tolerant phenotypic appearance and better growth.
The difference in response of the three varieties to
colchicine administration was due to genetic differences in
each variety. Plant sensitivity to colchicine is influenced by
gene expression and different genetic regulations, where
each variety has a unique gene expression pattern (Sun et
al. 2020; Mangena and Mushadu 2023). Some varieties
have a higher colchicine resistance or tolerance level than
others (Siregar et al. 2022; Zeinullina et al. 2023; Hernandez
et al. 2024). In addition, other factors can influence plant
responses, such as differences in chromosome structure and
polyploidization.

The results of polyploidization analysis using the flow
cytometry method showed that the lollipop variety with a
soaking time of 8 hours (v2t3) had the highest ploidy level
with a mixoploid ploidy level of 9.18+18.82%. Mixoploid
plants are organisms with a mixture of cells with various
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ploidy levels in the same tissue or organ, the existence of
which provides more complex internal genetic variation in
producing different traits in an individual plant and can
show more adaptability traits (Avila et al. 2020; Niazian
and Nalousi 2020). Depending on the environment,
however, the characteristics of mixoploid plants are often
difficult to predict due to genetic differences in an
organism (Julido et al. 2020; Goluch et al. 2021). Varieties
that experience chromosome doubling are expected to be
able to produce plants with larger flower sizes, rounder
flower shapes, and deeper flower colors (Niazian and
Nalousi 2020; Atoche et al. 2022). Sometimes, the results
of polyploidization do not experience chromosome
doubling (remaining diploid); several things cause this;
according to Fomicheva et al. (2024), the selection and
concentration of antimitotic substances and additional
compounds, exposure times, and application methods
should be tested on small populations of plants of interest
or available plants, without doubling, increasing the
concentration of antimitotic substances, exposure times, or
different application methods can test.

The use of colchicine to induce chromosomal changes
in the mitosis process does not always occur in every plant
where it is applied. This is influenced by factors such as the
type of plant, the dose of colchicine, and the time of
application (Manzoor et al. 2019). This research indicates a
significant interaction between different varieties of
Chrysanthemum plants and the length of colchicine soaking,
which causes polyploidization. Therefore, a combination of
the lollipop variety with a soaking time of 8 hours (v2t3) is
recommended for polyploidization of Chrysanthemum.

Based on research, the soaking time that produces
polyploidy in chrysanthemums is the colchicine soaking
time of 12 hours, and the Chrysanthemum variety that
experiences polyploidy in in-vitro conditions is the lollipop
variety. These findings provide insight into the influence of
soaking duration and variety differences on the
polyploidization process in chrysanthemum plants, which
has important implications in plant breeding and tissue
culture.
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