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Abstract. Surson S, Sitthaphanit S, Prachachit J, Jitjak T, Wongkerson K, Rachapila T. 2025. Colchicine mutagenesis effects on the
characteristics and correlation of the M2 variant population of rice varieties. Biodiversitas 26: 2355-2367. Rice is a self-pollinating
plant. In conventional rice breeding, variability is created in rice by crossbreeding. The method of crossbreeding rice is complicated
because it requires much expertise to breed. The method of creating genetic variability in rice using chemicals, such as colchicine, is
simple. This study used colchicine-induced variability in rice seeds, after which M1 generation variant plants with awn seeds were
selected to create an M2 population for selection and to study the variation in the characteristics and correlation of rice. The results of
the present study revealed that the M2 population of each M1 variant differed from the parental plants that did not receive colchicine in
many morphologies and yield components. In addition, the M2 variant populations of each rice variety also differed. The study of the
correlation values revealed interesting results for many traits, such as when rice seeds with awns appeared, the percentage of pollination
was low. High tillering resulted in a high number of panicles, full grains, full grain weight, and number of leaves, but it also reduced the
stomatal width, plant height, leaf width, leaf length, first shoot diameter, and SPAD value. This study selected mutant rice lines that had

potent agronomic characteristics to improve Thai rice varieties.
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INTRODUCTION

Rice breeding can be performed via many methods,
such as conventional rice breeding (Das 2020; Haque et al.
2021), somaclonal variation rice breeding (Elshafei et al.
2019), interspecific hybridization rice breeding (Zhou et al.
2022), polyploid rice breeding (Koide et al. 2020; Chen et
al. 2021; Wang et al. 2022), protoplast rice breeding (Kim
et al. 2022), double haploid rice breeding (Das et al. 2020;
Singh et al. 2022), mutation rice breeding (Zhang et al.
2022), and molecular rice breeding (Rasheed et al. 2022a;
Gong et al. 2023). For developing countries, most rice
breeding is based on conventional breeding. The creation
of genetic variance in rice is accomplished by crossbreeding
two or more rice varieties to combine the traits of both
parents into offspring. The breeding method is based more
on phenotype, which creates unreliability in the
determination of pure lines of genes (Lamichhane and
Thapa 2022). Because rice is a self-pollinating plant with
small flowers, crossbreeding of rice requires delicate and
specialized breeding. Therefore, the rice breeding step is
complicated in the breeding program, especially in projects
that require the creation of many F1 hybrids. Therefore,
some rice breeding projects look for easier methods, such

as polyploid rice breeding. Polyploid rice breeding was
first initiated in Japan and has been very successful in
China (Chen et al. 2021). Polyploid rice has many good
agronomic traits, such as panicle length and grain length
(Koide et al. 2020), and has improved grain quality (Gong
et al. 2023). A study also revealed that Neo-tetraploid rice
lines have improved seed set and pollen fertility (68% and
92%, respectively) (Koide et al. 2020). In addition, polyploid
rice is also relatively resistant to adverse environmental
conditions, such as salinity (Haque et al. 2021). In several
plant species, colchicine has been found to induce
mutagenesis in addition to producing polyploid plants (EI-
Nashar and Ammar 2016; Datta 2020; Cabahug et al. 2021,
2022; Gupta et al. 2021; Rasheed et al. 2022b; Samadi et
al. 2022; Susrama et al. 2022; Yan et al. 2022; Twumasi et
al. 2023; Zeinullina et al. 2023). Previous experiments have
shown that colchicine can alter the morphological and
chromosomal characteristics of plants (Bhuvaneswari et al.
2020; Li et al. 2020; Kushwah et al. 2021; Zhang and Gao
2021; Khan et al. 2023; Nirala et al. 2023). Colchicine has
also been found to cause changes in plant DNA molecules
(El-Nashar and Ammar 2016; Yassein et al. 2021; Zeinullina
et al. 2023), further indicating that it induces mutagenesis
in plants. Colchicine induces chromosomal doubling or
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mutagenesis differently in each plant. Colchicine is mostly
used to treat the vegetative and seed parts of plants (Xiang
et al. 2019; Li et al. 2020; Surson et al. 2021, 2024a). In
plants that cannot be seeded, tissue culture labs treat
vegetative parts with colchicine under sterile conditions.
Increasing the number of chromosomes in plants without
changing their genetics is its main function (Xiang et al.
2019; Li et al. 2020). Colchicine treatment of seeds of
various plant species can double the chromosome number
several times and create genetic variation in the plant,
especially in cross-pollinated and hybrid seeds (Surson et
al. 2024b, 2024c, 2025). Colchicine treatment in seeds is
simple and does not require a tissue culture laboratory,
which takes more resources and skills, making it acceptable
for breeders without one. According to Surson et al.
(2024a, 2025), colchicine treatment of rice seeds yielded
M1 mutant rice lines. In that study, many MI rice plants,
the parents of M2 mutant rice, were chosen for their interesting
morphological and agronomic traits. This study aimed to
investigate the morphological characteristics, yield
components, stomatal traits and correlations of M2 variant
rice varieties derived from M1 variant plants and to
investigate whether the population exhibited different
variances from the parental varieties and whether it had
sufficient potential to be used for further selection of new
varieties.

MATERIALS AND METHODS

Rice varieties used in the study

Two groups of rice varieties were used in this study: the
parent rice group, which included Kularpdang, Malidum,
Riceberry, Homnil, Maejo, Homnaka, and Blackberry. The
variant rice group, which was obtained from colchicine
treatment in the previous experiment, consists of the Kularpdang
variant, Malidum variant 1, Malidum variant 2, Riceberry
variant 1, Riceberry variant 2, Homnil variant 1, Maejo2 variant
1, Maejo2 variant 2, Homnaka variant 1, Homnaka variant
2, Blackberry variant 1, and Blackberry variant 2. The
studied rice varieties were obtained from an experiment in
2023 in which polyploid rice was induced with colchicine.

Generation of the M2 variant rice populations used in
the study

The M2 variant rice populations were obtained from
M1 variant plants that were separated. M1 variant rice plants
were induced with 0.1% colchicine for 6 hours. Then, the
seeds were grown, and M1 variant plants were selected by
collecting seeds separately to create M2 populations from
each M1 variant plant in each rice variety. After that, the
seeds of the M2 variant populations were planted to compare
the M2 variant populations with each other and between
the M2 variant populations.

Morphological study of the M2 variant populations and
parental plants

The study began with the selection of M1 variant plants
and the collection of seeds separately, and the obtained
seeds were M2 variant plant populations. The M2 variant
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plant populations of each population were subsequently
planted and compared between each M2 variant plant
population and its parental plants, resulting in a total of 19
treatments. The experiment was designed as CRD, with 19
treatments, 3 replications, and 15 plants per treatment. The
rice was planted in 10-inch pots filled with soil:raw rice
husk:manure at a ratio of 2:1:1.

Agro-morphological characteristics

After rice seeds from the different treatments were
grown in trays for 1 month, the seedlings from the different
treatments were transplanted into 10-inch diameter pots for
a comparative study of the morphology of each treatment,
with data collected at month 4. These collected characteristics
included the plant height, number of leaves, number of
shoots/plant, plant circumference, leaf width, leaf length,
and SPAD value. The plant height was measured from the
base of the plant to the apex. For the number of leaves, all
the large leaves that fully spread were counted. For the
characteristics of the number of shoots/plant, every shoot in
the plant was counted. For the circumference characteristics
of the first shoot, measurements were taken at a height of 5
cm above the ground. For leaf width characteristics, the
width of the 3rd-order leaf of the first shoot of the plant
was measured. For the SPAD value, the middle and tip of
the 3rd leaf of the first shoot from the base were measured.

Study of the yield component characteristics of the M2
variant plant populations of various rice varieties and
mother varieties

After the agro-morphology characteristics were studied,
the yield component characteristics were studied. These
characteristics included the number of ears/plant, the
number of total seeds/plant, the number of full seeds/plant,
the number of atrophied seeds/plant, full seed weight/plant,
seed length, and seed width. For the number of ears/plant,
the total number of ears born on each rice plant was
counted. For the number of atrophied seeds/plant, the total
number of atrophied seeds in each plant was counted. For
the number of total seeds/plants, the total number of seeds,
including all atrophied and full seeds in each plant, was
counted, and only the complete seeds in each plant were
counted. For full seed weight/plant, all full seeds of each
plant were sorted, and only the full seeds on each plant
were weighed. For seed length characteristics, 10 seed
length measurements were taken, after which the average
length per seed was determined. For seed width, 10 seed
widths were measured, after which the average width was
determined per seed.

Study of the stomatal characteristics of the M2 variant
plant populations of rice varieties and parental lines

At 3 months of age, the fourth leaf of the first shoot
from each treatment was collected, with 4 replicates per
treatment and 10 plants per replicate. The stomatal width
was measured at 50 stomata per plant, whereas the stomatal
density was measured at 5 fields per plant. The stomata
were determined using adhesive by applying a thin layer of
adhesive to the abaxial side of the midpoint of the fourth
leaf. When the adhesive was dry, it was peeled off and
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placed on a glass microscope slide for stomatal analyses.
Stomatal characteristics were examined using a 40x
microscope (Euromex, Netherlands). The stomatal width
was measured from the center of the widest stomatal area.
The stomatal length was measured from both ends of the
stomata. Stomatal density was determined by counting the
number of stomata from 5 fields (area of 1 mm?) of each
plant visible under the microscope.

Flow cytometry analysis of the M2 variant plant
populations of rice varieties and parental lines

Flow cytometry analysis was performed according to
the following methods. After the rice seeds had been
planted for three months, the ploidy of the abnormal plants
was determined. The leaves, weighing between 0.1 and 0.5
g each (1-2 cm), were finely chopped into a 500 uL drop of
Quantum Stain NA UV 2 (A) on a plastic Petri dish. To
remove waste or solid particles, a solution of approximately
0.05 g of Polyvinyl Pyrrolidone (PVP) was added to the
mixture. The mixture was subsequently passed through a
30-micron strainer to eliminate any debris and retain the
nuclei. Afterward, 500 uL of Quantum Stain NA UV-2 (B)
was added to the tube containing the sampled nuclei. To
ensure thorough blending of the substances, the tube was
shaken before the mixture was assessed by a flow cytometer
(Quantum Analysis Flow cytometer from Germany).

Statistical analysis

A completely randomized design was used. There were
19 treatments studied: Kularpdang, Kularpdang variant 1,
Malidum, Malidum variant 1, Malidum variant 2, Riceberry,
Riceberry variant 1, Riceberry variant 2, Homnil, Homnil
variant 1, Maejo2, Maejo2 variant 1, Maejo2 variant 2,
Homnaka, Homnaka variant 1, Homnaka variant 2,
Blackberry, Blackberry variant 1, and Blackberry variant 2.
Subsequently, wherever the F test was significant, mean
comparisons were conducted using DMRT. All analyses
were performed via the SPSS version 16 package.

Correlation of the morphological characteristics and
yield components of the M2 variant rice varieties

The correlation coefficients were used to describe the
relationships among agronomic traits and some phenotypic
traits. Correlation analysis between traits was performed
via the SPSS version 16 package.

RESULTS AND DISCUSSION

Morphological characteristics of the M2 variant
populations and parental lines

After different rice varieties were planted for 4 months,
data on the height, number of leaves/plant, number of
shoots/plant, leaf width, leaf length, leaf thickness, first
shoot diameter, and leaf SPAD value were recorded. The
data were then analyzed, and the results are outlined below.
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The comparative analysis of the morphological
characteristics of the rice varieties Kularbdang and
Kularbdang M2 variant 1 indicated that Kularbdang is a
consistent parent, but Kularbdang M2 variant 1 presents
variability in the examined variables. The examination of
the morphological traits of the rice varieties Kularbdang
and Kularbdang M2 variant 1 revealed that both presented
increased height, leaf width, and leaf length but a reduction
in the number of leaves per plant, number of shoots per
plant, leaf thickness, and diameter of the first shoot.
Nonetheless, several qualities exhibited no statistically
significant differences. Compared with Malidum M2
variant 1, Malidum M2 variant 1 presented greater numbers
of leaves per plant, shoots per plant, and leaf width but
presented reduced plant height, leaf length, leaf thickness,
first shoot diameter, and leaf SPAD value. Moreover,
Malidum M2 variant 2 exhibited a greater number of
shoots per plant, although it presented a lower plant height,
number of leaves per plant, leaf width, leaf length, leaf
thickness, first shoot diameter, and leaf SPAD value.
Riceberry M2 variant 1 exhibited increased plant height,
leaf width, first shoot diameter, and leaf SPAD value but
reduced leaf number per plant, shoot number per plant, leaf
length, and leaf thickness. Riceberry M2 variation 2
presented an increase in plant height, accompanied by a
reduction in the number of leaves per plant, shoot number
per plant, leaf width, leaf length, leaf thickness, first shoot
diameter, and leaf SPAD value. Homnil M2 variant
1 exhibited increased plant height, shoot number per plant,
leaf width, leaf length, leaf thickness, first shoot diameter,
and leaf SPAD value but reduced the number of leaves per
plant. Maejo2 M2 variant 1 presented increased plant
height, number of leaves per plant, shoot number per plant,
leaf width, leaf length, leaf thickness, and first shoot
diameter but reduced leaf SPAD value. Furthermore, Maejo2
M2 variant 2 exhibited greater plant height, number of
leaves per plant, shoot number per plant, leaf width, leaf
thickness, and first shoot diameter. However, it presented
reduced leaf length and leaf SPAD value relative to those
of Maejo2. Homnaka M2 variant 1 revealed greater plant
height, leaf width, leaf length, leaf thickness, first shoot
diameter, and leaf SPAD value, although it had an equivalent
number of leaves per plant and a reduced number of shoots
per plant compared with Homnaka. Compared with Homnaka,
Homnaka M2 variant 2 presented greater plant height, leaf
width, leaf length, and leaf SPAD wvalue, although it
presented a lower leaf number per plant, shoot number per
plant, leaf thickness, and first shoot diameter. Compared
with Blackberry, Blackberry M2 variant 1 exhibited a
greater number of shoots per plant and greater leaf length;
however, it presented a lower plant height, fewer leaves per
plant, narrower leaf width, shorter leaf thickness, smaller
first shoot diameter, and lower leaf SPAD value. Blackberry
M2 variant 2 exhibited greater leaf length and first shoot
diameter. However, it presented greater plant height,
number of leaves per plant, shoot number per plant, leaf
breadth, leaf thickness, and leaf SPAD value compared with
Blackberry (Table 1; Figure 1).
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Figure 1. Rice plants: Left is a normal plant and right is variants of different varieties: A. Kularpdang; B. Malidum; C. Riceberry; D.

Homnil; E. Magjo2; F. Homnaka; G. Blackberry

Yield components of the rice M2 variant plant populations
of various rice varieties and parent varieties

A comparison of the yield components between the
Kularbdang and Kularbdang M2 rice varieties revealed that
Kularbdang M2 variant 1 exhibited a greater number of
awn seeds per plant, greater full seed weight per plant,
greater seed width, and greater seed length. However, it
resulted in a lower number of panicles per plant, full seeds
per plant, withered seeds per plant, total number of seeds
per plant, and seed set percentage than Kularbdang.
Compared with Malidum, Malidum M2 variant 1 presented
a greater number of panicles per plant, full seeds per plant,
withered seeds per plant, awn seeds per plant, total seeds
per plant, weight of full seeds per plant, seed width, and
seed length; however, it presented a lower percentage of
seed set. Compared with Malidum, Malidum M2 variant 2
presented greater numbers of panicles per plant, full seeds
per plant, withered seeds per plant, total seeds per plant,
weight of full seeds per plant, seed width, and seed length.
However, it had an equivalent number of awn seeds per
plant and a lower seed set percentage than Malidum.
Riceberry M2 variant 1 exhibited a greater number of

withered seeds per plant, total number of seeds per plant,
seed width, and seed length, although it had an equivalent
number of awn seeds per plant, as well as a lower number
of panicles per plant, full seeds per plant, weight of full
seeds per plant, and seed set percentage than did Riceberry.
Compared with Riceberry, Riceberry M2 variant 2 presented
greater numbers of full seeds per plant, total number of
seeds per plant, seed width, and seed length. However, it
exhibited an equivalent number of awn seeds per plant and
a reduced number of panicles per plant, withered seeds per
plant, weight of full seeds per plant, and seed set percentage
compared with Riceberry. Compared with Homnil, Homnil
M2 variant 1 presented a greater number of withered seeds
per plant, awn seeds per plant, and seed width but
presented a lower number of panicles per plant, full seeds
per plant, total seeds per plant, weight of full seeds per
plant, seed length, and percentage of seed set. Compared
with Maejo2, Maejo2 M2 variant 1 presented a greater
number of panicles per plant, full seeds per plant, withered
seeds per plant, awn seeds per plant, total seeds per plant,
weight of full seeds per plant, seed width, and seed length;
nevertheless, it presented a lower seed set percentage.
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Compared with Maejo, Maejo2 M2 variant 2 exhibited a
greater number of panicles per plant, full seeds per plant,
withered seeds per plant, awn seeds per plant, total seeds
per plant, full seed weight per plant, seed width, and seed
length, although it had a lower seed set percentage.
Homnaka M2 variant 1 exhibited a greater number of
panicles per plant, greater numbers of withered seeds per
plant, an increased number of awn seeds per plant, greater
weight of full seeds per plant, wider seed sizes, and a
greater percentage of seed set. However, it presented a
smaller number of full seeds per plant, total number of
seeds per plant, and seed length than Homnaka did.
Homnaka M2 variant 2 exhibited greater numbers of awn
seeds per plant, although it presented a lower number of
panicles per plant, number of full seeds per plant, number
of withered seeds per plant, total number of seeds per plant,
weight of full seeds per plant, seed width, seed length, and
seed set % than Homnaka did. Compared with Blackberry,
Blackberry M2 variant 1 presented a greater number of
withered seeds per plant, awn seeds per plant, and greater
seed width. However, the number of panicles per plant,
number of full seeds per plant, total number of seeds per
plant, weight of full seeds per plant, seed length, and
percentage of seed set than Blackberry. Compared with
Blackberry, Blackberry M2 variant 2 presented greater
numbers of withered seeds per plant and greater seed
width; however, it surpassed Blackberry in terms of the
number of panicles per plant, number of full seeds per
plant, number of awn seeds per plant, total number of seeds
per plant, weight of full seeds per plant, seed length, and
percentage of seed set (Table 2).

Stomatal characteristics of the M2 variant plant
populations of various rice varieties and parental
varieties

The examination of stomatal characteristics among various
rice varieties revealed statistically significant differences in
stomatal width, length, and density. However, the rice
varieties and their variants did not differ significantly in
terms of stomatal width, length, or density.

It is possible that the rice variants still have the same
chromosome set, so the stomatal size did not change much.

Colchicine mutagenesis of M2 variant rice
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A comparative study of several rice variants of Maejo2 and
Honnaka revealed that several groups of variants presented
stomatal sizes and densities different from those of their
parent varieties (Table 3; Figure 2).

Flow cytometry analysis of the M2 variant plant
populations of rice varieties and parental lines

This study revealed that all the examined rice varieties
were derived from the M1 variants with awned seeds. After
examination by flow cytometry analysis, only the Maejo2
M1 variants and the Homnaka M1 variants were verified as
mixoploid. Upon obtaining the M2 variant progeny, five
M2 variant plants from each variety were randomly chosen
for polyploidy analysis. The findings indicated that one
Riceberry M2 variant plant was tetraploid, whereas the
others were diploid. The Riceberry M2 tetraploid plants
presented nearly all seeds with awns, large leaves, elongated
stems, and consistent tillering, producing 9 shoots.
Unfortunately, all the seeds were shriveled. A comparison
of the stomatal characteristics of normal Riceberry rice
plants with those of Riceberry M2 variant diploid and
tetraploid plants revealed that both the Riceberry M2 variant
diploid and tetraploid plants presented larger stomata than
did normal Riceberry rice (Figure 3).

Correlations between rice varieties and parental
varieties

The correlations between the characteristics of rice
varieties treated with colchicine revealed that the number
of panicles was related to the number of full seeds, the
number of withered seeds, the number of awn seeds, the
number of total seeds, the weight of full seeds, seed width,
seed length, stomatal density, plant height, the number of
leaves, leaf width, leaf length, first shoot diameter, SPAD
value, and the number of shoots. When the number of
panicles increased, the plant height, leaf width, leaf length,
first shoot diameter, and SPAD value decreased, whereas
the number of full seeds, number of withered seeds,
number of total seeds, weight of full seeds, width, length,
stomatal density, number of leaves, and number of shoots
increased.

Figure 2. Stomata of riceberry plants: A. Stomata of normal plants; B. Stomata of the variant plants with awn seeds; C. Stomata of the
variant plants with tailed seeds and tetraploid
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Figure 3. Flow cytometry analysis: A. Normal plant; B. Variant plant with awn seeds; C. Variant plant with awn seeds and tetraploid

The number of full seeds was related to the number of
panicles, number of awn seeds, number of total seeds,
weight of full seeds, percentage of seed set, stomatal
density, plant height, number of leaves, leaf width, leaf
length, leaf thickness, first shoot diameter, SPAD value and
number of shoots. When the number of full seeds increased,
the number of awn seeds, plant height, leaf width, leaf
length, leaf thickness, first shoot diameter and SPAD value
decreased, whereas the number of panicles, number of total
seeds, weight of full seeds, percentage of seed set, stomatal
density, number of leaves and number of shoots increased.
The number of awn seeds was related to the number of full
seeds, seed length, percentage of seed set, leaf length, and
leaf thickness. When the number of awn seeds increased,
the number of full seeds and the percentage of seed set
decreased, whereas the seed length, leaf length, and leaf
thickness increased.

The total number of seeds was related to the number of
panicles, the number of full seeds, weight of the full seeds,
seed width, seed length, stomatal density, number of
leaves, leaf width, leaf length, first shoot diameter, SPAD
value, and the number of shoots. As the number of total
seeds increased, the leaf width, leaf length, first shoot
diameter, and SPAD value decreased. In contrast, the number
of panicles, number of full seeds, number of withered
seeds, weight of full seeds, seed width, seed length, stomatal
density, number of leaves, and number of shoots increased.
The full seed weight was related to the number of panicles,
number of full seeds, number of total seeds, percentage of
seed set, stomatal density, number of leaves, leaf width,
leaf length, SPAD value, and number of shoots. As the
weight of full seeds increased, the leaf width, leaf length,
and SPAD value decreased, whereas the number of
panicles, number of full seeds, total number of seeds,
percentage of seed set, stomatal density, and number of
shoots increased.

The seed width was related to the number of panicles,
number of withered seeds, number of total seeds, seed
length, leaf width, first shoot diameter, and SPAD value.
As the seed width increased, the leaf width, first shoot

diameter, and SPAD value decreased. As the number of
panicles increased, the number of withered seeds, total
number of seeds, and seeds length increased. The seed
length was related to the number of panicles, number of
withered seeds, number of awn seeds, number of total
seeds, seed width, percentage of seed set, stomatal length,
stomatal density, diameter of the first shoot, and SPAD
value. As the seed length increased, the percentage of seed
set, stomatal length, diameter of the first shoot, and SPAD
value decreased. In contrast, the number of panicles, the
number of awn seeds, the number of withered seeds, the
number of total seeds, the width of the seeds, and the
stomatal density increased. The percentage of seed set was
related to the number of full seeds, number of fallen seeds,
number of awn seeds, weight of full seeds, seed length,
number of leaves, and leaf length. As the percentage of
seed set increased, the number of fallen seeds, number of
awn seeds, seed length, and leaf length decreased, whereas
the number of full seeds, weight of full seeds, and number
of leaves increased.

The stomatal length was related to the seed length and
stomatal density. As the stomatal length increased, the seed
length and stomatal density decreased. The stomatal
density was related to the number of panicles, number of
full seeds, number of total seeds, weight of full seeds, seed
length, stomatal length, plant height, leaf width, leaf length,
diameter of the first shoot, SPAD value, and shoot number.
As the stomatal density increased, the plant height, leaf
width, leaf length, diameter of the first shoot, and SPAD
value decreased, whereas the number of panicles, number
of full seeds, number of total seeds, weight of full seeds,
seed length, and shoot number increased. The plant height
was related to the number of panicles, number of full seeds,
stomatal density, number of leaves, leaf width, leaf length,
leaf thickness, and shoot number. As the plant height
increased, the number of panicles, number of full seeds,
stomatal density, number of leaves, and number of shoots
decreased, whereas the leaf width, leaf length, and leaf
thickness increased.



Table 1. Morphological study of M2 variant rice varieties: Kularbdang, Malidum, Riceberry, Maejo 2, Homnakha, and Blackberry at 4 months of age

. e Plant height Number of Number of Leaf width Leaf length Leaf thickness First shoot diameter
Varieties SPAD value
(cm) leaves/plant shoots/plants (cm) (cm) (mm) (mm)
Kularpdang 91.60+1.47¢4 66.57+5.832b 17.00+1.70 ¢4 1.17+0.084-¢ 46.98+1.21° 0.97+0.43 2 6.89+0.34 b 34.34+2.42 b
Kularpdang-variant1 94.63+2.84b¢ 43.07+5.97¢ 10.51+1.83¢h 1.24+0.064 49.56+2.65b 0.70+0.10° 6.86+0.32 b 39.46+0.742
Malidum 95.06+2.27b° 55.72+5.92¢d 17.334£2.40%4 1.05+0.058"  38.27+0.32¢4 0.52+0.10 b 4.92+0.03 ¢ 33.02+2.48 ¢4
Malidum-variant1 88.57+0.32d-= 57.07+1.59b¢ 18.93+0.97 b 1.06+£0.14"  32.68+1.44 ¢ 0.39+0.06 ¢© 4.69+0.44 ¢ 24.62+2.50F
Malidum-variant2 86.03+2.70< 56.22+4.06¢4 20.07+1.30° 1.04+0.02¢h  33.30+2.37°¢¢ 0.41£0.04 ¢ 4.734+0.15¢ 24.79+2.10fF
Riceberry 75.73+0.57 60.00+5.99b-¢ 24.90+1.592 1.10£0.02¢  37.60+0.89 ¢ 0.57+0.01 b-d 6.86+0.39 b 36.81+£3.912¢
Riceberry-variantl 81.00+2.71h 57.03+6.13b° 19.60+2.12 ¢ 1.13+0.04%¢  34.47+1.37%¢ 0.36+0.07 4-¢ 7.18£1.09#¢ 39.34+1.242
Riceberry-variant2 85.47+2.08%¢ 59.73+6.58b° 18.93+2.62 b 1.01£0.01" 34.93+0.80¢¢ 0.44+0.07 ¢¢ 6.46+0.41 ¢4 36.67£1.262¢
Homnil 83.33+1.06™™ 46.77+£2.704¢ 15.50+0.53 d-¢ 1.04+0.05¢h 30.94+£1.47¢ 0.33+0.01°¢ 6.45+0.37 ¢ 27.56+4.11¢f
Homnil-variant1 85.90+1.80° 46.15+5.76° 15.53+1.71 4= 1.12+£0.00¢¢  33.36+3.60°¢ 0.36+0.04 ¢ 6.51+0.39 ¢4 30.63+3.92 4
Mae Jo2 72.68+4.36 40.3543.90¢° 11.07+0.95 1.02+0.07" 34.46+1.21%¢ 0.45+0.07 ¢* 6.42+0.27 ¢4 38.61+2.552
Maejo2-variant1 75.27+£2.29 63.13+3.85%¢ 13.17+£0.90 ¢ 1.05+0.02¢"  34.90+1.86°¢ 0.49+0.05 b-¢ 6.91+0.17 b 36.63+0.852¢
Mae Jo2-variant2 81.36+0.46" 71.63+5.442 13.37+0.67 ¢ 1.12+£0.02¢¢  34.45+3.954¢ 0.49+0.10b-¢ 6.99+0.40 34.44+0.66 b4
Homnaka 82.03+1.27¢h 70.87+7.042 14.93+0.15 4= 1.12+£0.02¢¢  34.98+1.01°¢ 0.42+0.09 ¢© 6.01+0.374 34.84+0.75b¢
Homnaka-variant1 88.77+2.374= 70.87+7.04% 14.50+2.63 ¢-° 1.17+0.014° 38.87+£1.50°¢ 0.47+0.06 ¢ 7.35+0.44 2 36.15+0.46 ¢
Homnaka-variant2 87.73+0.87¢ 64.87+9.60%¢ 14.03+£1.98°¢ 1.15+£0.054f  36.59+2.03 ¢f 0.38+0.02 ¢¢ 5.98+0.494 36.61+0.422¢
Blackberry 98.77+1.612 46.90+0.95%< 8.93+0.55" 1.58+0.032 47.87+1.06P 0.60+0.00 b-¢ 7.63+0.19 2 40.26£1.252
Blackberry-variant1 96.77+1.14° 39.43+3.52¢ 10.07+£0.90" 1.32+0.06°¢ 49.64+4.75*b 0.50+0.02 b~ 7.12+0.37 > 40.19+£2.30%
Blackberry-variant2 92.58+5.65¢ 26.65+6.09" 8.30+2.30" 1.45+0.09° 51.50+3.87% 0.52+0.13 b 7.74+0.562 39.30+1.74%
F_test kk k% Kk ek ksk sk kk sk
% CV. 2.39 9.66 10.31 3.89 5.86 23.37 6.52 6.40

Note: Different superscripts in each column indicate significant (p<0.05) differences. Note: ns: Non-significant; **: Highly significant (»p<0.01); *: Significant (p<0.05); +: Standard deviation



Table 2. Study of the yield components of M2 variant rice varieties: Kularbdang, Malidum, Riceberry, Maejo 2, Homnakha, and Blackberry

Varieties NP NFS NWS NAS NTS WEFS (g) SW (cm) SL (cm) PSS (%)
Kularpdang 14.43+2.31%°  583.94+282.38¢h 635.84+29.75 b 1.47+0.42° 1209.714327.794¢  12.89+6.43°f  0.265+£0.019¢ 1.047+0.012> 46.34 £10.67 ¢°
Kularpdang-variant1 10.89+1.12 1 305.57+96.09 14 529.38+134.61°¢  342.04+66.07% 1149.16+132.474f  16.75+4.044¢  0.276+0.00%°  1.062+0.012 26.99 £10.10 f
Malidum 17.39+£2.13%4  819.93+£143.62¢¢ 560.76+97.98 <4 0.00+0.00° 1383.86+236.5124  17.10+£3.479° 0.285+0.00*° 1.020+£0.01°¢  59.23 £0.54 b
Malidum-variant1 19.93+1.70° 874.50+55.06 ¢ 804.97+122.76 0.33+0.58" 1679.50+£177.05*  18.88+1.09°9  0.292+0.01*  1.024+0.00¢4 5223 +2.3] ¢
Malidum-variant2 19.84+0.822 895.31+36.66 ¢ 803.17+93.06 > 0.00+0.00° 1698.47+114.792  19.29+0.53°4  0.288+0.002 1.028+0.01 ¢ 52.81 £2.68 ©©
Riceberry 19.93+£1.592  1124.17£141.212°  42527+24.46°F 0.00+0.00° 1579.43+£75.06%¢  24.35+3.07%°  0.243+0.00"  1.001+0.00F2  71.00 +£5.64 &
Riceberry-variantl 17.88+0.50%°  602.73+104.31 & 1010.18+53.382 0.00+0.00° 1612.77+130.182>  12.06+1.84°F 0.258+£0.01 ™" 1.004+0.01°¢  37.22 +3.89 «F
Riceberry-variant2 18.17+1.502® 1194.50+£16.39° 405.30+94.55 f 0.00+0.00° 1596.47+91.632>  23.27+0.29%° 0.264+0.01°¢ 1.006+0.009f  74.99 +4.52 ab
Homnil 15.33+£1.29%°  1108.67+181.382°  295.63+92.34 ¢ 0.00+0.00° 1384.30+122.70%4  25.52+4.27*>  0.263+0.00¢¢ 1.031+0.02b° 79.73 £6.17 2
Homnil-variant1 14.93+1.53%°  881.60+162.69>¢  371.57+116.06%f 19.23£6.90° 1271.40+123.78%4  20.46+4.38>4  0.271+£0.00¢°  1.027+0.01¢  69.13 £9.06
Mae Jo2 10.08+£3.12h  522.41+263.37h 99.85+19.68¢ 1.20+£1.31° 622.81+274.58 ¢ 10.85£5.681  0.250+0.00™  0.990+0.00 " 81.36 +8.922
Maejo2-variant1 14.63+£1.88°°  845.19+129.99¢F  365.15+£116.724F 8.76+2.14° 1217.96+£202.414¢  21.09+£3.93%4  0.270£0.00°°  1.006+0.02%4f  69.63 +£6.04 2©
Mae Jo2-variant2 12.82+0.61 ¢ 890.63+21.80 ¢ 302.40+95.49 ¢ 8.26+1.57° 1200.84+76.66%¢  20.21+0.48%9  0.267+0.00¢F 0.995+0.01 "  74.45+6.61 >
Homnaka 15.42+0.73>¢  1098.38+80.99 2° 287.39+£57.75¢¢ 6.64+0.65° 1392.07+27.75%4  25.85+1.51%> 0.270+0.01¢° 0.993+0.01 Fh 78.85+4.48 2
Homnaka-variant1 15.65+£2.13>¢  1037.34+63.722° 406.66+£75.10F 9.61+0.68° 1299.01£214.90%9  27.47+£2.252  0.275+0.00°¢ 0.992+0.01 "  81.68 £16.88 2
Homnaka-variant2 13.17£1.80°f  935.10+144.88 > 291.60+54.43 ¢ 16.07+£2.61° 1228.87+139.49°°  22.04+2.74*9  0.267£0.00°¢  0.989+0.01 "  75.97 £5.40 >
Blackberry 9.74+0.57 &t 665.93+29.52¢h 192.77+13.93 ¢ 5.66+1.56° 879.20+35.37¢¢ 16.30£1.104F  0.252+0.01 ™ 0.990+0.01 F*  75.80 +3.73 >
Blackberry-variant1 9.58+0.58" 562.68+44.55"h 286.07+61.82 ¢ 13.00£11.36° 853.84+104.62 F¢ 12.01+£0.87°f  0.257+0.018" 0.986+0.018"  66.13 £3.05 *°
Blackberry-variant2 5.33£3.061 168.50+£195.801 485.00+439.63 ¢ 1.33+£2.31° 638.17+409.218 4.59+£3.22¢  0.258+0.00f"  0.977+0.02"  35.98 £29.85 ¢
F-test *k *k ok Hk *% *% sk o %
% CV. 11.90 17.31 27.77 67.74 14.95 16.84 2.03 0.00 14.69

Note: Different superscripts in each column indicate significant (p<0.05) differences. Note: ns: Non-significant; **: Highly significant (p<0.01); *: Significant (»<0.05); +: Standard deviation;
NP: Number of Panicles/plant; NFS: Number of Full Seeds/plant; NWS: Number of Withered Seeds/plant; NAS: Number of Awn Seeds/plant; NTS: Number of Total Seeds/plant; WFS: Weight
of Full Seed/plant; SW: Seed Width; SL: Seed Length; and PSS: Percentage of Seed Set
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Table 3. Study of stomatal characteristics of M2 variant rice
varieties: Kularbdang, Malidum, Riceberry, Maejo 2, Homnakha,
and Blackberry

Varieties Stomatal Stomatal Stomatal
width length density
Kularpdang 11.70+£0.08%¢  21.36£0.23>°  417.51+3.82¢1
Kularpdang-variant] ~ 11.87#0.13%¢  21.59+0.24%° 424.24+26.27%F
Malidum 11.68+0.22¢  21.44+0.25¢  424.91+9.114f

11.96+0.23b
12.15+0.31%¢
12.30+£0.25*
12.19+£0.13%¢
11.85+0.12b<

21.84+0.25%¢
21.64+0.20%
21.40+0.300
21.30+0.04¢
21.23+0.21¢¢

461.62+25.01%¢
439.73+23.35¢¢
438.04+8.10%¢
440.74+7.31¢¢
443.43+14.04b

Malidum-variant]1
Malidum-variant2
Riceberry
Riceberry-variantl
Riceberry-variant2

Homnil 11.46+0.18°  20.81+0.40°  488.89+18.87°
Homnil-variant1 11.4240.30¢  20.95+0.26%¢ 472.06+17.39*b
Maejo?2 11.70+£0.28%¢  22.40+2.50%¢ 438.72+11.08<¢
Maejo2-variantl 11.62£0.02>  21.05+0.28%¢  408.75+16.45¢F
Maejo2-variant2 11.98+0.24%¢  21.91+0.49*¢  403.70+17.42¢
Homnaka 12.8741.52%  22.64+0.26*°  427.94+13.644F
Homnaka-variant1 12.10£0.14*¢  22.88+0.85*  400.67+3.55%¢
Homnaka-variant2 ~ 12.18+£0.34*¢ 22.45+0.67*¢ 418.85+7.314f

416.83+18.96%F
377.44+9.168

Blackberry
Blackberry-variantl

12.15+0.14*¢
11.66+0.40"¢

22.05+0.12%¢
21.73+0.46%

Blackberry-variant2  11.99£0.29>¢  22.24£0.36*¢  319.19+30.96"
F-test * * **
%CV. 3.47 3.12 3.93

The number of leaves was related to the number of
panicles, number of full seeds, number of total seeds,
weight of full seeds, percentage of seed set, plant height,
leaf width, leaf length, and number of shoots. As the
number of leaves increased, the plant height, leaf width,
leaf length, and number of shoots decreased, whereas the
number of panicles, number of full seeds, number of total
seeds, weight of full seeds, percentage of seed set, and
number of shoots increased. The leaf width was related to
the number of panicles, number of full seeds, number of
total seeds, weight of full seeds, seed width, stomatal
density, height, number of leaves, leaf length, leaf
thickness, first shoot diameter, SPAD value, and number of
shoots. As the leaf width increased, the number of panicles,
number of full seeds, number of total seeds, weight of full
seeds, seed width, stomatal density, number of leaves and
number of shoots decreased, whereas the plant height, leaf
length, leaf thickness, first shoot diameter and SPAD value
increased. The leaf length was related to the number of
panicles, number of full seeds, number of awn seeds,
number of total seeds, weight of full seeds, percentage of
seed set, stomatal density, plant height, number of leaves,
leaf width, leaf thickness, first shoot diameter, SPAD value
and number of shoots. When the leaf length increased, the
number of panicles, number of full seeds, number of total
seeds, weight of full seeds, percentage of seed set, stomatal
density, number of leaves, and number of shoots decreased,
whereas the number of awn seeds, plant height, leaf width,
leaf thickness, first shoot diameter and SPAD value
increased. The leaf thickness was related to the number of
full seeds, the number of awn seeds, plant height, leaf
width, leaf length, and the diameter of the first shoot. As
the leaf thickness increased, the number of full seeds
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decreased, whereas the number of awn seeds, plant height,
leaf width, leaf length, and diameter of the first shoot
increased.

The first shoot diameter was related to the number of
panicles, number of full seeds, number of withered seeds,
number of total seeds, seed width, seed length, stomatal
density, leaf width, leaf length, leaf thickness, SPAD value,
and number of shoots. As the first shoot diameter
increased, the number of panicles, number of full seeds,
number of withered seeds, total number of seeds, width,
seed length, and number of shoots decreased, whereas the
leaf width, leaf length, leaf thickness, and SPAD value
increased. The SPAD value was related to the number of
panicles, number of full seeds, number of withered seeds,
number of total seeds, weight of full seeds, seed width,
seed length, stomatal density, leaf width, leaf length, first
shoot diameter, and number of shoots. As the SPAD value
increased, the number of panicles, number of full seeds,
number of withered seed, number of total seeds, weight of
full seeds, seed width, seed length, stomatal density, and
number of shoots decreased, whereas the leaf width, leaf
length, and first shoot diameter increased. The number of
shoots was related to the number of panicles, number of
full seeds, number of withered seeds, number of total seeds,
weight of the full seed, stomatal density, plant height,
number of leaves, leaf width, leaf length, diameter of the
first shoot, and SPAD value. As the number of shoots
increased, the plant height, leaf width, leaf length, diameter
of the first shoot, and SPAD value decreased, whereas the
number of panicles, number of full seeds, number of
withered seed, number of total seeds, weight of full seeds,
stomatal density, and number of leaves increased (Table 4).

Discussion

Colchicine has the chemical formula CyH»sO6N.
Colchicine is an alkaloid derived from the amino acids
phenylalanine and tyrosine of Colchicum autumnale (Le et
al. 2020). By disrupting the orientation and structure of
mitotic division and spindles, colchicine inhibits mitosis in
various plant and animal cells. Colchicine inhibits metaphase,
prevents the polymerization of tubulin into microtubulin
and prevents tubulin from becoming a functional yarn
fiber. Thus, the anaphase stage for separating chromosomes
does not occur. As a result, the separation will fail to form
without a bobbin tread so that chromosomes and their
duplicates remain in the same cell. Cell division does not
occur immediately; division begins with diploid cells, and
ends with the formation of tetraploid cells can be induced
artificially in plants via colchicine at the right concentration
and time (Fathurrahman et al. 2023). The colchicine technique
is attractive to breeders for three reasons. First, it may
enable the isolation of homozygous or near-homozygous
genotypes from hybrids more rapidly than conventional
breeding does. Second, new genetic variation may be
generated by chromosome loss, rearrangement or gene
mutation, thereby enlarging the breeder’s germplasm base.
Third, it is a simple, inexpensive technique requiring no
special equipment or expertise (Luckett 1989).



Table 4. Correlation of morphological characteristics and yield components of colchicine-treated rice cultivars

NP NFS NWS NAS NTS WEFS SwW SL PSS STW STL STD PH NL LW LL LT FSD SPAD NS

NP 1 0.701"* 0.524™ -0.213 0.937"" 0.590"* 0.357"" 0.304" 0.056 0.092 -0.174 0.607"" -0.311" 0.576™ -0.626™ -0.625"" -0.148 -0.534™" -0.550"" 0.886"
NFS 0.701" 1 -0.139 -0.369™ 0.662™ 0.904™ 0.107 -0.052 0.675" 0.097 -0.018 0.475™ -0.299" 0.609™ -0.484™ -0.645™ -0.268" -0.277" -0.424™ 0.583™
NWS 0.524™ -0.139 1 0.038 0.612" -0.174 0.384™ 0.397" -0.741" 0.083 -0.191 0.159 0.047 0.099 -0.157 -0.059 0.014 -0.316" -0.303" 0.468"
NAS -0.213 -0.369™  0.038 1 -0.082 -0.028 0.169 0.502"" -0.432™ -0.046 -0.039 0.003 0.257 -0.194 0.125 0.364™ 0.263" 0.094 0.219 -0.259
NTS 0.937"" 0.662"* 0.612" -0.082 1 0.608" 0374 0.357 -0.079 0.129 -0.198 0.545* -0.189 0.532"" -0.496™ -0.523*" -0.153 -0.469"" -0.538" 0.798""
WFS 0.590" 0.904™ -0.174 -0.028 0.608™ 1 0.187 0.088 0.587"" 0.102 0.024 0.451™ -0.216 0.595™ -0.390" -0.515" -0.186 -0.187 -0.354™ 0.412™"
SwW 0.357"" 0.107 0.384™ 0.169 0.374™ 0.187 1 0.450™ -0.216 0.020 -0.008 0.169 0.225 0.255 -0.331" -0.260 -0.122 -0.668™ -0.620""  0.139
SL 0.304" -0.052 0.397" 0.502"" 0.357"" 0.088 0.450™ 1 -0.428" -0.257 -0.355™ 0.463* 0.147 0.007 -0.257 -0.015 0.243 -0.332" -0.409""  0.238
PSS 0.056 0.675™ -0.741"* -0.432™* -0.079 0.587"" -0.216 -0.428*" 1 0.000 0.194 0.161 -0.247 0.305" -0.190 -0.409*" -0.224 0.055 -0.044 0.014
STW 0.092 0.097 0.083 -0.046 0.129 0.102 0.020 -0.257 0.000 1 0209 -0.152 -0.056 0.250 0.080 0.024 -0.115 -0.087 0.077 0.066
STL -0.174 -0.018 -0.191 -0.039 -0.198 0.024 -0.008 -0.355" 0.194 0.209 1 -0.323" 0.127 0.118 0255 0.145 -0.046 0.057 0251 -0.228
STD 0.607"" 0.475" 0.159 0.003 0.545" 0.451™ 0.169 0.463™ 0.161 -0.152 -0.323" 1 -0.345™  0.195 -0.567" -0.648™ -0.259 -.0426"" -0.525" 0.487"
PH -0.311° -0.299*  0.047 0.257 -0.189 -0.216 0225 0.147 -0.247 -0.056  0.127 -0.345™ 1 -0.295" 0.639" 0.670" 0.289" 0.051 0.112 -0.365™"
NL 0.576™ 0.609™  0.099 -0.194 0.532™ 0.595 0.255 0.007 0.305" 0.250 0.118 0.195 -0.295" 1 -0.426™ -0.467" 0.107 -0.181 -0.183 0.522™
LW -0.626™ -0.484™ -0.157  0.125 -0.496™ -0.390"" -0.331" -0.257 -0.190 0.080  0.255 -0.567"" 0.639"" -0.426™ 1 0.779™ 0.261" 0.522"" 0.486™ -0.593"
LL -0.625™" -0.645"  -0.059 0.364™ -0.523"* -0.515" -0.260 -0.015 -0.409"" 0.024  0.145 -0.648™ 0.670"" -0.467"" 0.779*" 1 0.522™ 0.470" 0.561"" -0.540™
LT -0.148 -0.268" 0.014 0.263" -0.153 -0.186 -0.122 0.243 -0.224 -0.115 -0.046 -0.259 0.289* 0.107 0.261" 0.522* 1 0273* 0212 -0.061
FSD -0.534™ -0277" -0.316"  0.094 -0.469™ -0.187 -0.668" -0.332*  0.055 -0.087  0.057 -0.426™  0.051 -0.181 0.522™ 0.470" 0.273" 1 0.652™ -0.406™
SPAD -0.550"" -0.424™ -0.303"  0.219 -0.538"" -0.354"" -0.620™" -0.409"" -0.044 0.077 0.251 -0.525™ 0.112 -0.183 0.486™ 0.561™ 0.212 0.652" 1-0.428™
NS 0.886" 0.583" 0.468™ -0.259 0.798" 0.412"™ 0.139 0.238 0.014 0.066 -0.228 0.487" -0.365"" 0.522"" -0.593"" -0.540"" -0.061 -.406"" -0.428™" 1

Note: **: Highly significant (»<0.01); *: Significant (»<0.05); NP: Number of Panicles; NFS: Number of Full Seeds; NWS: Number of Withered Seeds; NAS: Number of Awn Seed; NTS:
Number of Total Seeds; WFS: Weight of Full Seed; SW: Seed Width; SL: Seed Length; PSS: Percentage of Seed Set; STW: Stomatal Width; STL: Stomatal Length; STD: Stomatal Density; PH:
Plant Height; NL: Number of Leaves; LW: Leaf Width; LL: Leaf Length; LT: Leaf Thickness; FSD: First Shoot Diameter; SPAD: SPAD value; NS: Number of Shoot
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There have been many studies on the occurrence of
mutagenesis from colchicine application in plants (Luckett
1989; Datta 2020; Gupta et al. 2021; Cabahug et al. 2022;
Susrama et al. 2022; Yan et al. 2022). The application of
colchicine in plants has led to the discovery of considerable
evidence of chromosome aberration. Studies in several
plant species have revealed chromosomal aberrations in
mitotic cell division, such as univalency, multivalency,
chromosome stickness, unorientation, precocious chromosome
movements, chromosome bridges, lagging chromosomes,
acentric fragments, chain chromosomes, ring chromosomes,
vagrant chromosomes and micronuclei (Barman et al.
2021; Kushwah et al. 2021; Maru et al. 2021; Alam et al.
2022; Khah et al. 2022; Samadi et al. 2022). In addition to
the finding that colchicine causes chromosomal aberrations,
there is also evidence that colchicine causes other molecular
DNA changes (Luan et al. 2008; El-Nashar and Ammar
2016; Xiang et al. 2019; Yassein et al. 2021; Zeinullina et
al. 2023). The effects of such changes include changes in the
anatomical plant traits, morphology and yield components
of the plants in the same way as in this study (Gaafar et al.
2017; Bhuvaneswari et al. 2020; Mo et al. 2020; Taratima
et al. 2020; Cabahug et al. 2021, 2022; Gupta et al. 2021;
Yassein et al. 2021; Susrama et al. 2022; Yan et al. 2022;
Zeinullina et al. 2023).

This study revealed that, with the exception of
Blackberry M2 variant 1 and variant 2, which were found
to be taller than rice plants that did not receive colchicine,
the height of the rice plants with different variants
increased. Other studies that used colchicine in rice
reported that colchicine caused variation in rice height,
with rice plants being taller and shorter than normal rice
plants (Gaafar et al. 2017; Taratima et al. 2020). It is
possible that colchicine has different effects on genes that
control the height of each rice plant or may have different
effects on each gene that controls the height. When other
characteristics of rice, such as the number of leaves/plant,
the number of shoots/plant, leaf width, leaf length, leaf
thickness, the diameter of the first shoot, and the SPAD
value, are considered, the trend is the same; i.e., some M2
variant rice varieties have increased morphology, whereas
some varieties have decreased morphology. Notably, the
same M2 variant rice varieties tend to have the same
increase or decrease in some characteristics, such as Riceberry
M2 variant 1 and variant 2, which are taller than normal
Riceberry rice that does not receive colchicine. The variability
of such characteristics indicates that there is variability in
the genetics of rice that has received colchicine, which is
likely to have both improved and worsened characteristics,
as has been previously studied in other plants (Nura et al.
2013; Gaafar et al. 2017; Bhuvaneswari et al. 2020; Rasheed
et al. 2022a), depending on the plant species and variety.

A study of important yield components revealed that
the Malidum variant presented greater panicle numbers
than Malidum. The Maejo2 variant had a greater panicle
number than did Maegjo. A study of full seeds/plant revealed
that Malidum variant 1 and variant 2, Riceberry variant 2, and
Maejo2 variant 1 and variant 2 presented better characteristics
than did the mother variety, which did not receive colchicine.
A study of the weight of full seeds/plants revealed that the
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Kularbdang variant, Malidum variant 1 and variant 2,
Maejo2 variant 1 and variant 2, and Homnaka variant 1
presented better characteristics than did the mother variety,
which did not receive colchicine. In terms of seed width,
almost all the rice varieties presented greater seed width
than did the parent varieties, which did not receive colchicine.
A study of grain length revealed that Kularbdang variant 1,
Malidum variant 1 and variant 2, Riceberry variant 1 and
variant 2, and Maejo2 variant 1 and variant 2 presented
better characteristics than did the parent varieties that did
not receive colchicine. A study of the percentage of seed
set revealed that, with the exception of Homnaka variant 1,
which increased the percentage of seed set, all the rice
varieties presented a decreased percentage of seed set. The
response of colchicine to rice characteristics depended on
the genetics of each rice variety.

In addition, this study revealed that some rice plants
treated with colchicine presented seeds with awn traits even
though the ploidy level of the rice plants did not change.
The presence of awn seeds in rice is a trait that indicates
the polyploidy of colchicine-treated rice (Song et al. 2014).
This study revealed that, similar to other tetraploid or
polyploid plants, most rice varieties presented increased
stomatal width and stomatal length and decreased stomatal
density (Mo et al. 2020; Yan et al. 2022). The correlation
analysis revealed that many traits were related. Interestingly,
awn seeds were related to many traits, such as the number
of full seeds, seed length, percentage of seed set, leaf
length and leaf thickness. In particular, the number of seeds
with awns was negatively related to the percentage of seed
set, indicating that when the number of seeds with awns
was high, the number of full seeds and percentage seed set
were low.

In conclusion, a study of the morphology, yield
components and stomata of M2 variants resulting from
colchicine treatment of different rice varieties revealed that
each M2 progeny of the same rice variant population
presented various or inconsistent characteristics. When the
morphology, yield components and stomatal characteristics
of variant rice varieties were compared between populations
of the same rice variety, significant or minor differences
were detected. When the characteristics of the different rice
variants varieties were compared, there was even greater
variation. This difference was due to the effect of colchicine
on the mutation of each rice plant and each wvariety.
Colchicine-treated rice plants may affect chromosomes,
DNA molecules or rice genes, indicating that colchicine
causes genetic variation in these rice varieties. These
genetically variable rice varieties can be used for selection
to improve rice varieties. When the correlations between
different rice traits were studied, a positive or negative
relationship with yield was detected. Therefore, rice with
good yield can be selected on the basis of traits related to
yield.
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