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SUMMARY

Phenotypic variation is essential for the development of shallots (Allium ascalonicum L.) in the
selection process. This study aimed to evaluate phenotypic variation and chromosome doubling
effectiveness at different colchicine concentrations in the Rubaru shallot cultivar. The experiment
tested five colchicine concentrations (0, 500, 750, 1000, and 1250 ppm) with a 12-hour bulb
immersion, using a completely randomized design (CRD) with six replications. The descriptive analysis
of data used means, maximum and minimum, standard deviation, and coefficient of variation tests.
Higher colchicine concentrations induced greater variation; however, they also reduced the survival
rate. The results showed a colchicine concentration of 1000 ppm effectively increased phenotypic
variation and chromosome doubling in shallot bulbs. This concentration caused the highest variation in
the number of leaves, tillers, and bulbs; bulb weight; and total bulbs’ weight. Additionally, tetraploidy
was evident in the 1000 ppm treatment. This study can be beneficial as a reference for future
breeding research to improve the Rubaru shallot cultivars.
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polyploidy induction, selection, tetraploid

Key findings: Research on using colchicine to increase phenotypic variation in Rubaru shallots is
limited. This study demonstrated a concentration of 1000 ppm enhanced variation in several traits.
Such information can serve as a foundation for future breeding efforts to improve the Rubaru shallot
cultivar.
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INTRODUCTION

Shallot  (Allium ascalonicum L.) is a
horticultural plant that belongs to the family
Alliaceae. Their uses are commonly as a spice
and traditional medicine in Indonesia. Shallot
bulbs contain carbohydrates and vitamins A, B,
and C and can also reduce the risk of cancer,
improve heart health, treat diabetes, alleviate
allergies, and boost immunity (Shahrajabian et
al., 2020). The shallot bulbs generally undergo
processing into fried onions for flavoring in
Indonesian food.

Indonesia, being a tropical country,
produces shallots on a larger area. Various
shallot cultivars have succeeded in
development in Indonesia to meet the local
community needs, including the Rubaru
cultivar, which originated from Sumenep, East
Java, Indonesia. The Rubaru cultivar is famous
in the community, being used to make fried
onions because it has a fragrant and crunchy
aroma compared with other shallot varieties
(Dewi, 2022). Despite its popularity, the
Rubaru cultivar has the disadvantage of its
small bulb size. Based on the past research
finding, the Rubaru cultivar has the smallest
bulb size and weight compared with two other
shallot cultivars, Bima and Maja (Azmi et al.,
2011). Therefore, due to its tiny bulb, this
cultivar has the potential to be further
developed by improving its bulb size. Such
improvement can be attainable by increasing
the phenotypic variation, which serves as a
valuable basis for effective selection. Selection
is an essential component of plant breeding, as
it allows the evaluation of desirable traits in
breeding lines.

Phenotypic variation enables the
selection of high-quality genotypes for plant
trait development. Methods for trait
development in plants include crossing,
mutation induction, polyploidy induction, and
embryo culture (Anand et al., 2023). Shallot
plants are difficult to flower and produce seeds,
which causes low genetic variation (Herlina et
al., 2019). The difficulty of shallots in flowering

and producing seeds makes the
implementation of crossing methods
challenging. Therefore, the induction of

polyploidy is the only way to increase the
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variation. The polyploidy induction techniques
can take place by using alkaloid compounds
like colchicine.

Polyploidy is a reliable approach widely
used in plant improvement because of the
increased number of chromosomes. Colchicine
can also increase phenotypic variation,
allowing for the selection of superior traits.
According to Sari et al. (2019), soaking Trisula
cultivar shallot seeds in a 0.25% colchicine
solution enhanced phenotypic variation in plant
height, leaf number, bulb number, and bulb
weight compared with the control.
Concentration is a critical factor in induction,
as each colchicine concentration exerts distinct
effects on phenotypic variation in different
plant traits (Tammu et al., 2021). Research by
Rahmawati et al. (2024) reported that soaking
Srikayang cultivar shallot bulbs in a 0.1%
colchicine solution for 12 hours boosted
variation in plant height, whereas a 0.05%
concentration enhanced variation in leaf
number, bulb weight, and bulb diameter. In
addition to influencing phenotypic variation,
colchicine affects chromosome doubling, with
its impact varying by concentration. Research
on the Tawangmagu Baru garlic cultivar by
Hailu et al. (2020) found that immersion in a
0.1% colchicine solution resulted in tetraploids,
whereas a 0.8% concentration produced
mixoploids.

Colchicine induction can randomly
change the morphological characteristics of
plants (Tavan et al., 2021). These changes
contribute to amplified phenotypic variation.
However, limited information is available on
the optimal colchicine concentration for
enhancing phenotypic variation and inducing
chromosome doubling in the Rubaru cultivar
shallot; hence, its evaluation is necessary.
Therefore, this study aimed to assess
phenotypic variation and the effectiveness of
chromosome doubling at various colchicine
concentrations in the Rubaru cultivar of
shallots.

MATERIALS AND METHODS

The latest study commenced in 2023 at the
Biotechnology and Plant Breeding Laboratories
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and in the Jatimulyo experimental field of
Brawijaya University, Malang, East Java,
Indonesia.

Plant materials and colchicine treatment

In this experiment, the materials used were
shallot bulbs of the Rubaru cultivar obtained
from the head of the farmer group in
Sumenep, East Java. The experiment included
five colchicine concentration treatments: 0
ppm (P0O), 500 ppm (P1), 750 ppm (P2), 1000
ppm (P3), and 1250 ppm (P4), with a 12-hour
immersion duration. Each treatment consisted
of 30 shallot bulbs evenly divided between six
replications, with five bulbs per replication,
resulting in a total of 150 bulbs used in the
experiment. The preparation of colchicine
solution proceeded in the biotechnology
laboratory, starting with the preparation of a
stock solution with a concentration of 2000
ppm by dissolving two grams of colchicine
powder in one liter of distilled water. The
formula used to dilute the solution follows
below:
Ci x Vi =0GC x V2

Where C; = concentration of stock solution
(ppm), Vi = volume of stock solution taken
(ml), C; = concentration of diluted solution
(ppm), and V; = volume of diluted solution
(ml).

Pouring the prepared treatment
solution continued into a container with a size
of 18 cm x 13 cm. The bulbs’ immersion
followed in the container for a predetermined
period of time.

Field experiments

The experiment took place in a 35-m? field
located in the Jatimulyo experimental field of
Brawijaya University. The experimental
arrangement had a completely randomized
design, with all treatments randomly assigned
without the use of blocks. Choosing this design
enables the absence of confounding factors
that would require blocking. Shallot bulbs
underwent planting individually in 30 cm x 30
cm polybags before arranging them in the field
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with a spacing of 85 cm x 20 cm between
bags.

Plant maintenance in this experiment
included fertilization, pest and disease control,
and weed management. The fertilizers used
were urea (46% N), KCI (60% K20), and SP-
36 (36% P20s5), applied 15 and 30 days after
planting. Pest and disease control used a
spraying technique. Pest control involved
insecticides containing chlorantraniliprole and
thiamethoxam at a dose of 0.4 ml/L, while
disease control employed fungicides containing
azoxystrobin and difenoconazole at a dose of 1
ml/L. Weed management performed was
manual by pulling out weeds growing around
the plants in the polybags. The variables
observed included the survival rate and LCso,
plant height, the number of leaves, the humber
of tillers, stomata size and density, the number
of bulbs, bulb diameter, bulb weight, total
bulbs”  weight, and the number  of
chromosomes. Observations on the survival
rate and plant growth traits ensued during the
cultivation period, while bulb trait observations
occurred six days after harvest, with rotten
bulbs excluded from the observation.

Stomata observations

Stomata observations proceeded in the plant
breeding laboratory. The tools and materials
used included clear cuticle polish, adhesive
tape, microscope slides, and leaf samples. The
selected leaves were those that grew well and
showed no signs of disease in plants from each
treatment group. The samples taken are
shallot leaves cut along 5 cm from plants
reaching 53 days after planting. The first step
was to apply a thin layer of clear cuticle polish
onto the shallot leaves and let it dry for 3 min.
Then, taking the specimen comprised a piece
of masking tape placed over the polished area,
afterward carefully removed, and placed onto a
microscope slide. The specimen observation
utilized an Olympus BX 51 microscope
(Olympus, Tokyo, Japan) with a 40x objective
lens and a 10x ocular lens, resulting in a total
magnification of 400x, and capturing the field
of view screen to save the image. Each sample
consisted of three randomly selected fields of
view, each measuring 0.3545 mm?2. Stomata
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length and width measurements engaged the
Image] 1.54d software (National Institutes of
Health, USA). Measurements came from three
randomly selected stomata per field of view,
with a total of nine stomata analyzed per
sample. Stomata density calculation was the
average number of stomata per unit area
(mm2).

Chromosome observations

Chromosome observations transpired in the
plant breeding laboratory. The tools and

materials used included razor blades,
micropipettes, beaker glass, a measuring
cylinder, microtubes, cover glasses,

microscope slides, 5-mL glass vials, dropper
pipettes, a refrigerator, an oven, a pencil, 45%
acetic acid, absolute ethanol, 1 N hydrochloric
acid, and 2% aceto-orcein.

Performing chromosome observation
continued by using the squash method with
some modifications (Verma et al., 2014). The
required solution was a fixation solution
prepared by mixing absolute ethanol with 45%
acetic acid in a 3:1 ratio. Each sample
consisted of two roots. Chromosome
preparation succeeded in cutting shallot root
tips to a length of 1-2 cm between 7:00 a.m.
and 9:00 a.m. The roots, as placed into a
microtube containing 0.1 ml of fixation
solution, reached storage in the refrigerator for
14 h at £6 °C. Afterward, the roots received a
distilled-water washing before placing them
into a glass vial bottle containing 1 ml of 1 N
HCl. The vial, placed in an oven, sustained
hydrolysis for six minutes at 60 °C.

Next steps included washing the roots
again with distilled water and placing them in a
microtube containing 2% aceto-orcein and
allowing them to stand for at least two hours.
Then, transferring the roots to a microscope
slide followed, with the root tips (1-2 mm) cut
using a razor blade before covering them with
a glass cover, gently tapping with the tip of a
rubberized pencil, and pressing down with the
thumb. Chromosome observation used an
Olympus BX 51 microscope, with one cell from
each root being examined. If cells with clearly
visible chromosomes were evident, taking a
screenshot of it saved the image. Chromosome
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counting ensued manually by analyzing the
captured image. Before counting, image editing
occurred using a web-based photo and
graphics editor to enhance clarity. Adjustments
to hue, saturation, and lightness improved
chromosome visibility.

Data analysis

Survival rate analysis continued by comparing
the number of surviving plants to the total
number of plants, when calculated, used the
following equation:

Number of Surviving Plants

Survival Rate = x100

Number of plants

Then, the survival rate data helped
determine the lethal concentration (LCsp)
value. The LCsp equation came from the curve
fit analysis conducted on a graph based on the
colchicine concentration and the survival rate
of plant data. Using the LCsp determined the
optimum concentration in polyploidy
experiments, characterized by 50% plant
mortality in the samples (Hailu et al., 2020).
The equation used is the four-parameter
logistic (4PL) model. The four-parameter
logistic (4PL) model has been recognized as a
major tool to analyze the relationship between
the concentrations and responses (An et al.,
2019). Other observations engaging
descriptive analysis comprised the displaying of

means, maximum and minimum values,
standard deviation (SD), and coefficient of
variation (CV%). The standard deviation

formula used was as follows:

Where X; = the data value, X = the average
value, and n = the number of data.

The coefficient of variation formula
used was:

CV(%) =

K%
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Where S = the standard deviation and X = the
average value.

The criteria for the coefficient of
variation were low (<10%), medium (10%-
20%), and high (>20%) based on Zaki and
Radwan (2022).

RESULTS AND DISCUSSION
Survival rate (%) and LCso

Survival rate observation sought to determine
the impact of different colchicine
concentrations on plant survival (Table 1). The
highest survival rate (100%) was evident in
the colchicine treatment of 0 ppm, indicating
that all the shallot plants survived. The survival
rate decreased at a colchicine concentration of
500 ppm and remained constant at 750 ppm
(97%), but further decreased at 1000 ppm
(73%). A survival rate of 0% was visible in the
colchicine treatment of 1250 ppm. The higher
dose of colchicine causes plant death, leading
to a decline in the survival rate. Colchicine is a
toxic chemical that causes death in plants.
Colchicine can cause fatality in plants at a
higher concentration and long immersion time
(Roy et al., 2023).

The plants’ death authenticated that
plants sustained induction. Based on the
research conducted by Ren et al. (2018), a
colchicine concentration of 750 pmol/L (299.57
ppm) resulted in a plant survival rate of
7.78%, while a concentration of 1250 pmol/L
(499.30 ppm) recorded a survival rate of
5.56%. Another past study conducted on
bananas reported a survival rate of 12% at a
colchicine concentration of 2.5 mM (998.5

ppm) (Rodrigues et al., 2011). In this study,
the LCso value was 1087 ppm, as shown in
Figure 1. This value resulted in using the four-
parameter logistic (4PL) equation:

y=—46.95+ 98.54 —(—46.95)

10.25
1162.83)

with R? = 0.9994.

The LCsp value is a useful parameter
for identifying the optimal concentration
required to induce mutations. The LCso value
can be efficient as a reference to select an
appropriate colchicine concentration to avoid
too high concentrations, killing all plants, or
too low concentrations, ineffective for
induction. This helps to obtain polyploid
individuals, which can later be selected for
desired traits. The concentration of mutagens
should be high enough to increase the
probability of inducing mutation but not so high
as to cause lethality to the cells or tissues
(Hailu et al., 2021).

Compared with previous studies, Sari
et al. (2019) reported the LCsp value of 0.65%
at the colchicine concentration of 6500 ppm
using shallot cultivar Trisula seeds. Another
study on shallots conducted in vitro culture by
Foschi et al. (2013) determined an LCso value
of 500 mg/l (500 ppm) for colchicine
concentration. Previous research has shown
that colchicine exhibits varying levels of
sensitivity; however, the LCsp value can vary
depending on the plant species and plant parts
used (Lamo et al., 2017).

Table 1. Survival rates in shallot after undergoing various colchicine treatments.

Treatments Number of Samples Number of Survivors Survival Rate (%)
(plants) (plants)

Control (0 ppm) 30 30 100

500 ppm 30 29 97

750 ppm 30 29 97

1000 ppm 30 22 73

1250 ppm 30 0 0
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Figure 1. Determination of median lethal concentration (LC50) of colchicine concentration of shallot
cultivars. The use of LCso (lethal concentration) measured the colchicine concentration required to kill

half of a test population (Hailu et al., 2021).

Figure 2. Shallot plants’ condition under different colchicine treatments. Each individual represents a sample from

each treatment group. The treatments are PO (0 ppm); P1 (500 ppm); P2 (750 ppm); P3 (1000 ppm); and P4 (1250
ppm). No plants survived in treatment P4, as all plants died.

Plant growth traits

The plant growth variables comprised plant
height, the number of leaves, and the number
of tillers. The shallot plant’s physical conditions
in each treatment appear in Figure 2. The
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results revealed colchicine concentrations
caused a decrease in the average values of
plant height and the number of leaves and
tillers (Table 2). The control treatment (0 ppm)
has the highest average values for the plant
growth traits. In this study, the topmost
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Table 2. Observations on growth traits in shallot plants with colchicine treatments at 49 days after

planting.
Traits Treatments Avg. Max Min SD CV (%) Criteria
Control (0 ppm) 46.08 47.96 45.18 1.04 2.26 Low
500 ppm 44 .41 49.12 40.14 3.13 7.05 Low
Plant height (cm) 750 ppm 40.39 42.64 37.58 1.99 4.93 Low
1000 ppm 42.25 46.65 33.85 5.49 12.99 Moderate
1250 ppm - - - - -
Control (0 ppm) 62.90 71.20 51.80 7.26 11.54 Moderate
500 ppm 56.81 68.20 46.25 8.91 15.68 Moderate
Number of leaves 750 ppm 55.67 66.40 50.00 6.37 11.44 Moderate
1000 ppm 53.71 68.50 33.33 14.96 27.85 High
1250 ppm - - - - -
Control (0 ppm) 11.30 12.40 10.00 1.05 9.29 Low
500 ppm 10.77 13.40 9.00 1.57 14.58 Moderate
Number of tillers 750 ppm 9.62 12.00 8.50 1.39 14.45 Moderate
1000 ppm 10.11 13.00 6.50 2.81 27.79 High
1250 ppm - - - - -

The “-" symbol indicates that all plants died, hence, no data obtained. The criteria of CV are low (<10%), medium (10%-

20%), and high (>20%).

concentration caused the dead plants. The
colchicine treatment (1000 ppm) caused
moderate variations in plant height, while it
affected maximum variations in the number of
leaves and tillers. Research conducted by
Rahmawati et al. (2024) found that colchicine
immersion at a concentration of 0.1% (1000
ppm) for 12 hours in shallot bulbs of the
Srikayang cultivar resulted in a moderate
variation in plant height but high variation in
the number of leaves. Another study reported
that colchicine immersion at a concentration of
400 ppm in shallot bulbs of the Sakato cultivar
revealed a high variation in plant height and
the number of leaves (Zulfahmi et al., 2024).

Each colchicine treatment resulted in
varied plant growth and response, with
phenotypic variations observed in shallot
plants. However, the higher colchicine
concentrations led to greater phenotypic
variations. Higher variation suggests that
selection activities should proceed to identify
individual plants with promising trait values.
The application of colchicine can lead to
substantial variations in the morphological
traits of crop plants (Mangena and Mushadu,
2023).

Colchicine can inhibit plant growth
traits, leading to a decrease in plant height and
the number of leaves and tillers in shallot
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plants. This was due to colchicine as an anti-
mitotic agent, which can cause failure to form
spindle fibers, causing the rate of cell division
to decrease, which inhibits plant growth
(Kumar et al., 2019). Similar findings appeared
when soaking garlic bulbs in colchicine at
concentrations ranging from 0.05% (500 ppm)
to 0.45% (4500 ppm), causing a decrease in
both plant height and the number of leaves
(Mahajan et al., 2015). Colchicine immersion
at a concentration of 0.1% (1000 ppm) also
initiated a decline in the number of tillers and
leaves in Javanese cardamom shoots (Komala
etal., 2022).

Stomata

In shallot plants, the stomatal observations
focused on the length, width, and stomatal
density. The stomata pictures in each
treatment are visible in shallot plants in Figure
3. Based on the data in Table 3, colchicine
treatments resulted in an increase in the
average length and width of the stomata. The
colchicine treatments (500 and 1000 ppm)
caused moderate variations in the stomatal
width in shallot plants. Similarly, Bambara
groundnut plants treated with 0.1% colchicine
exhibited a moderate variation in stomatal
length and width (Alisha et al., 2024).
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Figure 3. Stomata size in shallot plants with various colchicine treatments: A) Control (0 ppm), B)

500 ppm, C) 750 ppm, and D) 1000 ppm.

Table 3. Observations on stomata in shallot plants with colchicine treatments.

Traits Treatments Avg. Max Min SD CV (%) Criteria
Control (0 ppm) 61.09 63.21 58.65 1.63 2.67 Low
500 ppm 62.46 65.05 60.12 1.97 3.15 Low
Stomata length (um) 750 ppm 64.72 67.57 61.10 2.25 3.48 Low
1000 ppm 66.67 71.16 60.06 4.58 6.87 Low
1250 ppm - - - - -
Control (0 ppm) 13.82 15.64 11.81 1.26 9.12 Low
500 ppm 14.86 17.12 12.87 1.54 10.36 Moderate
Stomata width (um) 750 ppm 15.60 18.49 14.42 1.60 10.26 Moderate
1000 ppm 16.58 19.34 14.10 1.88 11.34 Moderate
1250 ppm - - - - -
Control (0 ppm) 20.72 22.00 18.80 1.09 5.26 Low
500 ppm 19.37 22.56 16.74 2.35 12.13 Moderate
Stomata density (mm?) 750 ppm 19.85 22.19 18.10 1.62 8.16 Low
1000 ppm 21.45 24.91 18.10 2.81 13.10 Moderate
1250 ppm - - - - -

The “-" symbol indicates that all plants died, hence, no data obtained. The criteria of CV are low (<10%), medium (10%-

20%), and high (>20%).

Overall, the colchicine concentrations
produced an increase in stomatal size, with
higher concentrations resulting in larger
stomata. Colchicine can increase stomatal
length and width, making it a potential
indicator of polyploidized individuals (Baby et
al., 2023). An enlargement in cell size is the
most important thing about polyploidy due to
the addition of chromosomes (Manzoor et al.,
2018). Comparing the treatments, the average
values of stomata density decreased in the
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colchicine treatment of 500 ppm and increased
at the concentration of 1000 ppm. Azizan et al.
(2021) reported similar findings that colchicine
immersion at 0.5% (5000 ppm) in stevia
plants in vitro culture resulted in a stomatal
density of 93 pm?2, whereas the control had a
density of 83 pm2. The increased stomatal
density may be due to an increased number of
cells caused by colchicine. Likewise, an
upsurge emerged in the number of cells that
undergo symmetrical division in Brassica napus
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plants applied with colchicine (Zaki and
Dickinson, 1995). The colchicine treatments at
500 and 1000 ppm triggered moderate
variations versus the concentrations of 0 and
750 ppm for all the traits in shallot plants.
Previous studies have also reported that

variations in stomatal size and density may be
in crop plants

because of genetic factors
(Bertolino et al., 2019).

Bulb traits

Observations on bulb traits consisted of the
number of bulbs, bulb diameter, bulb weight,
and total bulbs’ weight. The images showing
the bulb condition for each treatment are
available in Figure 4. A higher concentration of
colchicine led to decreased average values with
the highest variations (Table 4). The colchicine

Figure 4. Shallot bulb traits after subjected to various colchicine treatments. The treatments are PO
(0 ppm); P1 (500 ppm); P2 (750 ppm); P3 (1000 ppm); and P4 (1250 ppm).

Table 4. Observations on bulb traits in shallots with colchicine treatments.

Traits Treatments Avg. Max Min SD CV (%) Criteria
Control (0 ppm) 10.77 12.00 9.60 0.93 8.64 Low
500 ppm 10.75 13.00 9.75 1.34 12.47 Moderate
Number of bulbs 750 ppm 9.30 12.25 6.33 1.99 21.40 High
1000 ppm 9.36 11.50 6.50 2.34 25.00 High
1250 ppm - - - - -
Control (0 ppm) 3.41 3.70 2.99 0.27 7.92 Low
500 ppm 3.23 3.67 2.62 0.39 12.07 Moderate
Bulb diameter (cm) 750 ppm 3.15 4.05 1.59 0.90 28.57 High
1000 ppm 3.04 3.86 2.15 0.73 23.92 High
1250 ppm - - - - -
Control (0 ppm) 9.18 10.82 7.77 1.15 12.53 Moderate
500 ppm 8.47 10.24 7.33 1.06 12.51 Moderate
Bulb weight (g) 750 ppm 8.08 10.13 5.60 1.69 20.92 High
1000 ppm 7.60 9.76 5.37 1.64 21.58 High
1250 ppm - - - - -
Control (0 ppm) 98.85 125.48 80.83 15.66 15.84 Moderate
, 500 ppm 90.91 104.49 71.52 14.31 15.74 Moderate
I:/t;'atr’\‘:')bs weight 750 ppm 75.41 88.67 3542 20.16 26.73  High
1000 ppm 71.40 97.55 40.36 23.99 33.60 High
1250 ppm - - - - -

The “-" symbol indicates that all plants died, hence, no data obtained. The criteria of CV are low (<10%), medium (10%-

20%), and high (>20%).
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treatment at 1000 ppm caused the maximum
variations in the number of bulbs, bulb weight,
and total bulbs” weight. Research by
Rahmawati et al. (2024) found that colchicine
immersion at a concentration of 0.1% (1000
ppm) for 12 hours in shallot bulbs of the
Srikayang cultivar resulted in moderate
variation in bulb diameter but high variation in
bulb weight. Another study reported colchicine
immersion with a concentration of 400 ppm on
shallot bulbs of the Sakato cultivar had high
variations in the number of bulbs, bulb
diameter, and bulb weight (Zulfahmi et al.,
2024).

Each shallot plant responded differently
to colchicine treatment, revealing considerable
variations. Polyploidization activities in crop
plants can enhance the genetic variation
marked by modification of traits, and the
fruitful selection can succeed in selecting the
genotypes with desirable traits (Fox et al.,
2020). With the highest variations, selection
activities can take place in mutants with the
desired traits. The selection process depends
on genetic distinctions to obtain genotypes
with superior traits.

The colchicine treatment (0 ppm) has
the supreme average value for the bulb
characteristics, while colchicine treatment 1000
ppm showed the lowest average values for
bulb-related characters. The results revealed
that higher colchicine concentrations caused
lower average yield traits than the control. The
decrease in traits was due to colchicine toxicity
that inhibits plant growth. Colchicine is a toxic
substance that can deter growth traits in crop
plants (Manzoor et al., 2018). Based on the
results of a study by Rahmawati et al. (2024),
treatment with 0.1% (1000 ppm) colchicine for

12 hours in shallots of the Srikayang cultivar
manifested a reduction in the average bulb
diameter and weight compared with the control
treatment. Widoretno et al. (2023) reported
that colchicine control treatments showed
better shoot multiplication in Amorphophallus
muelleri plants than the colchicine
concentration of 120 mg/l (120 ppm). In
another study on Acacia crassicarpa, colchicine
immersion at a concentration of 0.08% (800
ppm) caused a decrease in the number of
shoots (Sinuraya et al., 2023).

Chromosome number

The observations on the chromosome number
aimed to determine the chromosome count in
shallot plants with each treatment of colchicine
(Figure 5). According to the results, some
shallot bulbs emerged with the chromosome
doubling (Table 5). Chromosome duplication
occurred in some bulbs from the samples as a
result of colchicine treatment. Out of the 58
bulbs selected as samples, 10 experienced
chromosome doubling. However, most of the
chromosome doublings were notable in the
colchicine treatments at 750 and 1000 ppm.
Colchicine inhibits the formation of the spindle,
making the chromosomes fail to separate
during anaphase, resulting in more
chromosomes than before (Yana et al., 2023).
Most of the chromosome doubling
events, which led to tetraploid genotypes, were
prevalent in the colchicine treatment at 1000
ppm in shallot plants. Hailu et al. (2020)
reported the immersion of garlic cultivar
Tawangmangu Baru in colchicine at
concentrations of 0.02% (200 ppm) and 0.08%
(800 ppm) produced the mixoploids, while a

Figure 5. Number of chromosomes in shallot plants: A) Diploid (2n = 2x), B) Tetraploid (2n = 4x),

and C) Mixoploid.
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Table 5. Observations on chromosome number with colchicine treatments in shallots.

Colchicine treatments Number of samples Diploids (2x) Tetraploids (4x) Mixoploids
Control (0 ppm) 15 15 - -
500 ppm 15 13 - 2
750 ppm 14 10 - 4
1000 ppm 14 10 1 3
Total 58 48 1 9

Ploidy level is determined by the number of chromosome sets in a cell. The number of basic chromosomes in a set in

shallot is 8 (x = 8).

concentration of 0.1% (1000 ppm) produced
the tetraploids. Moreover, some shallot bulb
samples did not experience the chromosome
doubling. The effect of colchicine in inducing
mutation was random, and diploid individuals
(2n) were still present in the population
(Suminah et al., 2002).

CONCLUSIONS

Colchicine treatment at 1000 ppm is effective
in increasing phenotypic variation and inducing
chromosome doubling. The colchicine
concentration at 1000 ppm resulted in the
maximum phenotypic variations in the number
of leaves, tillers, and bulbs; bulb weight; and
total bulbs” weight in shallot plants.
Furthermore, a tetraploid individual appeared
in the 1000 ppm treatment.
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