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Abstract. This study aimed to determine the agronomic
performance of sweet corn plants due to the administration of
colchicine to seeds that had germinated and were soaked in
colchicine with different soaking durations. The study used a
Randomized Group Design with treatments consisting of sprouts
not soaked in colchicine (control), soaked for 5, 10, 15, 20, and
25 hours. Each treatment was repeated 3 times with a total
observation sample of 5 plants/plots. The variables evaluated
included the number of cobs/plant, cob length, cob diameter, cob
fresh weight with clobber, cob fresh weight without clobber,
number of seeds/row, number of seeds/circle, seed hardness,
total soluble solids, stomatal length, width, and area, and
stomatal density. The results showed that soaking the sprouts in
600 ppm colchicine for 20 hours gave larger sweet corn cobs and
larger stomata. The longer soaking resulted in the highest seed
hardness but low total soluble solids.
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1. Introduction

Research on improving the quality and quantity of sweet corn production continues to grow
along with the need for better and more efficient agricultural products. Due to its importance,
the development of sweet corn production is a major concern to meet market demand. One
of the efforts to increase the quality and quantity of sweet corn can be done by conducting
genetic advancement.
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A type of plant genetic improvement that can be applied is chromosome engineering
through colchicine mutagens. Colchicine is widely used to change the level of ploidy in crop
production [1]. According to Gultom et al. [2], colchicine, with the chemical formula
Cx»H2s06N is an alkoid with microtubules. One of the impacts is the doubling of plant
chromosomes so that they can form polyploid plants. Mutation techniques with chromosome
doubling have been used to obtain various plant varieties, V. unguiculata var. sesquipedalis.
This method has proven to be useful in obtaining new genotypic and phenotypic traits or
characters to form genetic variations and add references in conventional breeding [3].
Currently, artificial polyploidization is often used to develop high-yielding plant populations
rich in biologically active compounds.

This genetic diversity is necessary for plant breeding; if other mutations can occur in
organisms, then plants can also undergo mutations [4]. Colchicine inhibits mitosis in a
variety of plant and animal cells by disrupting the orientation and structure of mitotic and
spindle divisions. Colchicine is administered to actively divide plant parts at vegetative
growth points, such as seeds, sprouts, and plant stem tips [5].

Doubling the number of chromosomes using colchicine is highly dependent on the
concentration of colchicine administered and the exact timing [6]. Concentration and
induction time are important parameters, and a clear interaction between the two. Too high a
concentration or induction time can give multiple yields with higher than desired ploidy
levels. Longer immersion times tend to increase the likelihood of chromosome doubling, but
can also increase the toxicity of colchicine to plants. Therefore, it is necessary to find a
balance between increasing the probability of polyploidy and avoiding excessive damage to
the plant.

Many colchicine studies have been conducted on corn plants, but they focus on feed corn
(Zea mays) and are applied to its seeds. In contrast to this study, which applied colchicine to
seeds that had germinated and were soaked for different soaking lengths. This is because
sprouts have meristematic areas that are actively growing, especially at the tips of roots and
shoots. These meristems are tissues consisting of cells that are actively dividing, so they are
more responsive to colchicine treatment. Polyploidy induction is more effective if done on
cells that are in the active division phase.

This study aims to determine the agronomic performance of sweet corn plants due to
colchicine application with different immersion durations. The hope is that it will have an
impact on the size of meristem cells, which results in the increasing size of plant parts,
especially cobs, so that it is useful for sweet corn breeding. Sajjad et al. [7] argue that cell
division does not occur instantaneously; division begins with diploid cells and ends with the
formation of tetraploid cells. Therefore, the length of colchicine immersion affects the
induction of polyploidy.

2. Materials and Method

The current research was conducted from May to August 2024, in paddy fields with an
altitude of 665 meters above sea level and an average temperature of 25-30 °C. Plant quality
analysis was conducted at the Integrated Laboratory of the Faculty of Agriculture,
Universitas Islam Malang. The research material was sweet corn sprouts of the paragon
variety. The design used was a Randomized Group Design. Each treatment was repeated 3
times with a total observation sample of 5 plants/plot.

Before planting, the land was processed to loosen the soil, and plots were made for
planting. Before planting, the seeds were germinated and then soaked in colchicine solution
with a concentration of 600 ppm, and the length of soakingwas according to the treatment,
namely sprouts not soaked in colchicine (control), soaked for 5, 10, 15, 20, and 25 hours.
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After completing the soaking process, the corn seedlings were planted in 3 cm deep
planting holes that were previously prepared. Each planting hole was filled with two
seedlings with a spacing of 30 x 40 cm. After that, plant care was carried out, which included
watering, fertilizing, and protecting plants from pests, diseases, and weeds as per sweet corn
cultivation procedures. Harvesting was done 85 days after planting by cutting the corn cobs.
The variables evaluated included the number of cobs/plant, cob length (measured from the
base of the seed to the end of the cob), cob diameter (measured by slicing the center of the
cob crosswise and then measuring the cob diameter), fresh weight of the cob with cloves
(weighed the cob along with the cloves), fresh weight of the cob without clobber (weighed
after the cob was cleaned from the clobber), number of seeds/row (counted all seeds from
base to tip in the same row), number of seeds/circle (counted all seeds in the same row of
circles), seed hardness (using a penetrometer), total soluble solids (using a refractometer),
length, width and area of stomata, and stomatal density using the formula:

number of stomata

Stomatal density = (@)

wide field of view

3. Results and Discussion
3.1. Cob Performance

The results of phenotypic observations of cob length and cob diameter showed that
soaking the sprouts for 20 hours gave the best results, which resulted ina cob length of 18.73
cm, and a cob diameter of 4.79 cm (see Figure 1). There was an increase of 9.13% for cob
length and 3.71% for cob diameter when compared to the control, and when the soaking time
was increased to 25 hours, there was a decrease in cob length by 3.73% and 2.82% for cob
diameter. The number of cobs was almost the same in all treatments, while the control
treatment gave the lowest cob length and diameter.

The control treatment and soaking the sprouts in colchicine solution for 5 hours gave the
same agronomic performance results. This means that the 5-hour colchicine immersion has
not had a real effect. Chemical mutagenesis is a key component in the advancement of plant
breeding. For many crops, the use of chemical mutagens in plant development has been
widely used. Since colchicine is highly toxic to plants, long-term exposure to low doses is
considered a reliable way to reduce the toxic effects and increase the speed of polyploid
production.

Several studies have shown that colchicine significantly affects the morphological,
biochemical, and anatomical characteristics of several plant species, which in turn affects the
plant in carrying out its physiological functions [8]. The results of this study also showed
that sweet corn performance was affected by the length of soaking the sprouts in colchicine.

As a result of chromosome doubling, polyploid plants have exterior morphological
features that differ from diploids, especially in the shape and size of roots, stems, leaves,
flowers, and fruits. Ovary diameter, male petal, anther diameter, and leaf length to leaf width
ratio are good indicators of ploidy level in citrus [9]. Although morphological parameters are
often used as the first primary selection criteria for polyploids, they are not always accurate.
In this study, a larger size was shown by the variables of length, cob diameter, number of
seeds per row, and per circle. which were soaked in sprouts for 20 hours. However, not all
changes due to polyploidization are beneficial. For example, some tetraploid species show
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obvious dwarfing characteristics. Changes in the size and shape of various vegetative and
reproductive parts were also reported in colchicine-induced tetraploid plants [10].
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Fig. 1. Number, length, and diameter of cobs at various lengths of soaking the sprouts in colchicine

Similarly, the results of observations on harvest components consisting of fresh weight
of cob with clobber, fresh weight of cob without clobber, number of seeds/row, and number
of seeds/circle showed that soaking the sprouts for 20 hours was the best treatment that could
provide fresh weight of cob with clobber of 414.16 g, fresh weight of cob without clobber of
393.35 g, number of seeds of 39 seeds/row, and number of seeds of 14.47/circle as shown in
Figures 2 and 3. There was an increase of 21.75%, 25.30%, 46.62%, and 5.34%, respectively,
when compared to the control. This proves that soaking the sprouts in colchicine can increase
sweet corn yield. However, when the soaking time was increased to 25 hours, there was a
decrease of 5.39%, 23.14%, 15.04%, and 2.76%, respectively.
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Fig. 2. Fresh weight of cobs with and without cloves at various lengths of soaking in colchicine
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Fig. 3. Number of seeds per row and per whorl at various lengths of soaking the sprouts in colchicine

3.2. Cob Quality Performance

The treatment of soaking time for 25 hours gave the highest seed hardness of 4.51 mm/g/s.
For total soluble solids, the soaking time of sprouts for 5 hours gave the best result of 9.29°
Brix; the longer the soaking time, the smaller the total soluble solids. The control treatment
gave the lowest results for both variables (see Figure 4).
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Fig. 4. Seed hardness and total soluble solids of seeds at various soaking times of sprouts in
colchicine

Soaking for 25 hours provides sufficient time for colchicine to fully penetrate the seed
tissue and affect meristematic cells (cells that are actively dividing). With the optimal soaking
time, colchicine can effectively induce polyploidy. Polyploid plants tend to have larger cells
and thicker cell walls, which may contribute to higher seed hardness. In addition, compared
with diploids, some tetraploid species have lower photosynthetic rates and decreased
carbohydrate synthesis and decomposition abilities [11]. Therefore, the results of this study
showed that soaking the sprouts in colchicine for 5 hours produced the highest total soluble
solids. This is because, in shorter soaking times, the activity of enzymes responsible for the
synthesis of sugars and other metabolites may be more active, whereas longer soaking may
inhibit enzymatic activity due to excessive cellular stress or structural damage to the cells.
Duration longer than 5 hours may cause greater toxic effects, which can disrupt the normal
metabolism of cells and reduce the ability of plants to synthesize and accumulate soluble
solids. These toxic effects may inhibit physiological processes necessary for the production
of sugars and other metabolites.

3.3. Leaf Stomata Performance

The longer immersion of sprouts in colchicine solution resulted in better leaf stomata
performance, namely stomatal length, stomatal width, and the highest stomatal area of 0.48
um, 0.18 um, and 0.271mm?2, respectively, but the highest stomatal density was found in the
10-hour sprout immersion treatment (373.67/mm2) and the longer immersion resulted in a
smaller stomatal density (see Figure 5).

The 20-hour immersion gave the best yield performance, quality, and leaf stomata and
was significantly different from the control. Colchicine treatment can cause morphological
and physiological changes in plants as a result of increased cell size and epigenetic or genetic
interactions. These include changes in shoot and root length, shoot fresh weight, biomass
fresh weight, and stomatal size, density, and index [12].
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Figure S. Leaf stomatal performance at various lengths of immersion of sprouts in colchicine

According to Gomes et al. [ 13], stomatal density is one of the most suitable characteristics
that can be used as an indication of the level of ploidy in plants. Colchicine prevents
microtubule production during cell division by blocking the metaphase of the cell cycle. This
prevents chromosome separation during the anaphase phase. Polyploid plants have more than
two complete sets of chromosomes. In breeding programs, colchicine causes mutations at the
polyploidy level, resulting in changes in morphological and physiological traits, stomatal size
and density indirectly, and chromosome number directly [14].

4, Conclusion

The right induction time can give multiple yields with higher ploidy levels. However, this
20-hour soaking time produces sweet corn with lower total soluble solids or a less sweet taste
when compared to the 5-hour soaking. So the choice for sweet corn farmers or entrepreneurs
is that if they want larger corn cobs, then 20 hours soaking is the best treatment, but if the
choice is good quality, then 5 hours soaking is the best soaking time.
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