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Abstract

This study investigated the dose- and time-dependent effects of colchicine treatment (0.0125-0.1%, 24-48 h) on the
morphogenetic characteristics, viability, and subsequent adaptation of Stevia rebaudiana Bertoni. Seeds were treated with
colchicine, followed by micropropagation, rooting with auxins (IBA, IAA), and acclimatization to a soil substrate. The most
favorable morpho-physiological responses, including an increase in leaf area and thickness, enhanced branching, and larger
shoot size, were observed after a 24-hour treatment with 0.025% colchicine. However, higher concentrations and longer
exposure significantly reduced viability, indicating strong phytotoxicity. The use of auxins (especially IBA) substantially
improved rooting efficiency and suppressed callus formation. The developed staged acclimatization protocol ensured high
survival, though with a noticeable difference between the control (85%) and experimental groups. A colchicine concentration
of 0.025% with a 24-hour exposure was determined to be optimal for inducing beneficial morphological modifications while
maintaining acceptable viability losses under ex vitro conditions. Although the observed changes morphologically correspond
to polyploid forms, direct cytogenetic confirmation is required. This work lays the groundwork for using colchicine to modify
Stevia morphology in biotechnological propagation systems.
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1. Introduction
Stevia rebaudiana Bertoni (family Asteraceae) is a valuable
perennial plant, globally recognized as a natural source of
high-intensity, (stevioside
rebaudioside) widely used in the food and pharmaceutical
The growing global

non-caloric sweeteners and

industries.['] demand for sugar
substitutes has positioned S. rebaudiana as a crop of
significant economic and biotechnological value. However, its
large-scale cultivation is hampered by limitations in
conventional propagation: natural propagation is limited by
low and unstable seed germination, while traditional
vegetative methods (cuttings) have a low multiplication rate

and risk pathogen transmission.*” To overcome these
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challenges, advanced  biotechnological  approaches,
particularly in vitro micropropagation, are crucial for
producing genetically uniform, pathogen-free planting
material on a commercial scale to meet industrial demands.
6,8-10]

One approach to improving the agronomic and morpho-
physiological traits of plants is the induction of polyploidy.
Colchicine, an antimitotic alkaloid, is a widely used and
effective agent for this purpose as it inhibits spindle formation
during cell division.l'':'?I This technique is a cornerstone of
modern plant breeding, known to enhance biomass, produce
(the "gigas" effect),

concentration of valuable secondary metabolites.[3] It has been

larger organs and increase the
successfully applied to improve the productivity and chemical
profiles of various industrial crops and medicinal plants like
Digitalis lanata.'>'¥ In addition to inducing polyploidy,

colchicine can also have direct morphogenetic effects,
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influencing cell division and elongation, which can lead to
beneficial phenotypic changes even without a confirmed
change in ploidy.['!-14

For S. rebaudiana, systematic studies on the dose-
dependent effects of colchicine on key micropropagation
parameters remain fragmented. While some studies have
explored polyploidy induction a comprehensive investigation
that integrates the initial treatment with its downstream
consequences on rhizogenesis and, crucially, the final ex vitro
adaptation success is still lacking.'>'”" Furthermore, the
interaction of colchicine pretreatment with auxin application
during the rooting stage has not been sufficiently studied.
The aim of the present study was to comprehensively evaluate
the dose-dependent effect of colchicine on the morphogenetic
shoot

parameters  (survival,

morphometric characteristics, and adaptive potential of Stevia

growth,  rhizogenesis),

rebaudiana during in vitro micropropagation and subsequent
acclimatization to ex vitro conditions.

2. Materials and Methods

2.1 Plant Material

Seeds of Stevia rebaudiana Bertoni were used in this study.
The seeds were collected from mother plants adapted to the
agro-climatic conditions of the southeastern region of the
Republic of Kazakhstan, grown at the Agro-biological Station
of Al-Farabi Kazakh National University in the Almaty region

(Fig. 1).

Fig. 1: Seeds of Stevia rebaudiana Bertoni grown at the Agro-
biological Station of KazNU.

2.2 Seed Sterilization and Polyploidy Induction

Seed sterilization was performed in two stages. First, seeds
were immersed in 70% ethanol for 30 s with constant stirring.
Subsequently, they were transferred to a 0.1% mercuric
chloride (HgCl>) solution containing two drops of Tween-60
surfactant and agitated for 5-7 min. Finally, the seeds were
rinsed three times with sterile distilled water, with each wash
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lasting 5 min. For polyploidy induction, sterilized seeds were
incubated in aqueous colchicine solutions at various
concentrations (0.0125%, 0.025%, 0.05%, and 0.1%) for two
exposure durations (24 and 48 h). Control seeds were
incubated in sterile distilled water under the same conditions.
After treatment, the seeds were sown on a hormone-free 1/10
MS medium containing 3% sucrose and 0.8% agar (Difco-
Bacto). The pH was adjusted to 5.8 before autoclaving.
Cultures were initially maintained in complete darkness for 2-
3 days at 23 + 2 °C and then transferred to a light chamber
with a 16-hour photoperiod.

2.3 Microclonal Propagation and Rooting

Following germination, seedlings were used for microclonal
propagation. Apical and axillary shoots were excised and used
as microcuttings. To stimulate rhizogenesis, the basal parts of
the microcuttings (approx. 0.5 cm) were pre-treated by
dipping them in aqueous solutions of either indole-3-butyric
acid (IBA) or indole-3-acetic acid (IAA) at a concentration of
50 mg/L for two hours. Control microcuttings were treated
with sterile water. After treatment, the microcuttings were
cultured on a %2 MS nutrient medium with a reduced sucrose
concentration (2%). Cultures were maintained at 23 + 2 °C
under a 16-hour photoperiod and a relative air humidity of 65-
70%.

2.4 Acclimatization to Ex Vitro Conditions

Well-rooted plantlets were carefully removed from the culture
vessels, and their root systems were gently washed with sterile
water to remove any residual agar medium. To increase
survival rates during acclimatization, a pre-transplant
treatment was applied: the aerial parts were sprayed with a
10% aqueous glycerin solution, and the root system was
immersed in a 0.001% IAA solution for 7-10 minutes.

The plantlets were then transferred to plastic pots
containing a sterilized substrate mixture of soil, sand, and
perlite (1:1:1, v/v/v) with a neutral pH (7.0). The soil mixture
had the following characteristics: macronutrient content —
potassium (270-320 mg/L), phosphorus (220-270 mg/L),
nitrogen (20-250 mg/L); and trace amounts of micronutrients.
A 3-5 cm layer of expanded clay was placed at the bottom of
the pots for drainage. The pots were covered with transparent
lids to maintain high humidity and were kept in a climatic
chamber for three weeks at 2342 °C, 60-70% relative humidity,
and a 16-hour photoperiod. The lids were gradually opened for
increasing durations each day to acclimatize the plants to
lower humidity. Upon completion of the three-week
adaptation stage, the plants were transferred to greenhouse
conditions for 1.5 months before being planted in the open
ground on the experimental plots of the Agro-biological

Station.
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2.5 Data Collection and Statistical Analysis

Morphogenetic parameters, including explant survival rate
(%), primary shoot length (cm), number of internodes, leaf
area (cm?), number of main roots, main root length (cm), and
adventitious root formation (%), were recorded after 21 days
of in vitro culture. During the ex vitro stage, shoot length,
branching, leaf number, leaf area, leaf thickness (um), and
survival rate (%) were measured after three weeks of
acclimatization. All experiments were performed in a
completely randomized design with three replicates. The data
are presented as mean + standard error (SE). The statistical
significance of the differences between means was determined
by one-way analysis of variance (ANOVA) followed by
Tukey's HSD post-hoc test for multiple comparisons, using
STATISTICA 10.0 software. Differences were considered
statistically significant at p < 0.05.

3. Results and discussion

Our study revealed a clear dose- and time-dependent effect of
colchicine on the seed germination and subsequent
morphogenesis of Stevia rebaudiana. The strong inhibitory
effect observed at higher concentrations (0.05-0.1%) is

consistent with colchicine's well-established role as a potent
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antimitotic agent.[''?) This pronounced cytotoxicity, leading
to a germination rate as low as 13% at 0.1% concentration (Fig.
2), is a documented phenomenon in numerous plant species,
of disrupt
polymerization, leading to mitotic arrest and ultimately, cell
death.!'31618.191 The LDso (lethal dose, 50%) in our experiments
was found to be around 0.05% for a 24-hour exposure, a value

as high doses colchicine microtubule

comparable to those reported for other herbaceous species,
though sensitivity can vary significantly depending on the
genotype and seed coat permeability.['*!*] The morphological
differences between treatments are visually evident in Fig. 3.
The control seedlings (Fig. 3A) exhibit normal, vigorous
development. In contrast, treatment with 0.1% colchicine (Fig.
3C) resulted in severely stunted growth, thickened and
shortened hypocotyls, and poor root development, all classic
signs of acute cytotoxicity. The optimal 0.025% concentration
(Fig. 3B) presents an intermediate phenotype, showing robust
seedlings that are morphologically comparable to the control
but are known from our data (Table 1) to possess altered
successful  induction  of

characteristics,  indicating

morphogenetic changes without lethal toxicity.

40
30
20
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0

Control 0.1% 0.05% 0.025% 0.0125%
Colchicine concentrations
m24h m48h
Fig. 2: The effect of colchicine on stevia seed germination.
Notably, the biphasic response, where lower The optimal results obtained with 0.025% colchicine for 24

concentrations of colchicine (0.0125-0.025%) exhibited a
stimulatory or less inhibitory effect on certain morphometric
parameters after the initial toxic shock. This phenomenon can
be interpreted as a manifestation of hormesis, where low doses
of a toxic substance induce a beneficial stress response.2-2!!
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hours, which yielded the best balance of morphometric
parameters (Table 1) and viable seedlings (Fig. 3), suggest a
delicate balance between inducing desirable morphogenetic
changes and maintaining plant viability. Similar optimal
concentration ranges have been identified for other medicinal
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Fig. 3: Morphology of Stevia rebaudiana seedlings after 24-hour colchicine treatment: (A) control (untreated); (B) 0.025% colchicine;
(C) 0.1% colchicine.

Table 1: The effect of colchicine on the survival and morphogenetic parameters of Stevia rebaudiana plants under in vitro conditions
(21 days of cultivation).

Colchicine Explant Primary shoot Number of Leafarea,cm*> Number of Main root Adventitious
concentration, % survival length, cm internodes main roots length, cm root
rate, % formation, %
Control 65+1.7 16.7+0.4 54+0.08 1.240.03 6+0.15 4.5+0.12 40+0.9
24 hour
0.1% 0 3.5+0.06 2+0.04 0.5+0.01 1+0.025 0.6+0.02 0
sk
0.05% 1940.5%** 6.5+0.16 5+0.12 1+0.023 2+0.03 1.0+0.02 5+0.09%%*
ksk
0.025% 3240, 7%** 10+0.26** 5+0.1 1.5+0.03 4+0.07 5.8+0.15 124£0.28%**
0.0125% 434+].0%** 16+0.3 6+0.15 1.8+0.04 7+0.17 7+0.15% 18+£0.35%**
48 hour
0.1% 0 2.7+0.06 2+0.05%%* 0.3+0.007 1+0.02 0.3+0.006 0
skskosk skskosk
0.05% 10£0.26***  4.6+0.1 2+0.04%* 0.6+£0.012 1+0.025 0.7+0.01 3+0.07%%*
okeok otk
0.025% 26+0.5%** 8+0.2 3+0.07* 1.3+0.03 2+0.05 5.24+0.09 10£0.25%**
keok otk
0.0125% 3240.8%** 12+0.3* 4+0.1 1.5+0.035 5+0.08 4.840.1 1540.4%**

Note: 1. * - at P>0.95%*, 2. at P>0.99*** 3. - at P>0.999, 4. K — control.

plants, such as Digitalis lanata, highlighting a common morphological marker of successful polyploidy induction,
principle in chemical mutagenesis.l'Y The observed increase in which results from larger cell sizes and altered hormonal
leaf size and shoot branching in this treatment group can be balances.!!22224

attributed to the so-called '"gigas" effect, a typical The synergistic effect observed between colchicine
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pretreatment and subsequent auxin-induced rhizogenesis is a
key finding of this study. The superiority of IBA over IAA in
promoting a highly branched root system is significant (Table
2), a finding consistent with other in vitro studies of Stevia.*>
21 IBA is known to be more stable than IAA and is converted
slowly into active auxin within the plant tissues, providing a
sustained stimulus for root initiation that also modulates
expansin expression, affecting root length.2$2%

formation is

The complete suppression of callus

particularly noteworthy. This effect can be attributed to the

downregulation of key pluripotency genes like WUSCHEL
and SHOOTMERISTEMLESS, which are inhibited by auxin
treatment, thus preventing undifferentiated cell proliferation at
the shoot base.*3!l Furthermore, colchicine pretreatment
appears to sensitize the pericycle cells to this auxin signal,
potentially by modulating the expression of auxin receptors
like TIR1/AFB and transcription factors such as ARF7/19, as
suggested by recent molecular studies.*23

Fig. 4 visually substantiates the pronounced efficacy of this
synergistic protocol. Control microcuttings (Fig. 4A), rooted

Table 2: Morphogenetic parameters of Stevia rebaudiana microcuttings under the influence of auxins (IBA, IAA) after colchicine

induction (in vitro, 21 days of cultivation).

Treat-  Colchi- Root Number of Root Adventitious roots Callus Number of
ment cine initiation roots length, cm formation at aerial roots
fr(:tlicoel?,-% period, days Number length, cm Freque ts)l;(s);)’t%
ncy, %
Control 7-12 602 3.0£0.1 - - 57+2.3 9+0.4
IBA  0.05% 5-7 10£0. 1% 3.840.01 540.1 0.740.01 15403 0 240.05%++
0.025% 3-5 1740.9%** 4.7+0.2% 10+0.3 1.3£0.03 33+2 0 7+0.23*
0.0125% 3-5 1340.6%** 7.3£0.3%%* 15+0.3 1.8+0.04 45+1.2 0 34+0.06%**
IAA 0.05% 6-8 7+0.2 3.5+0.01 3+0.1 0.5+0.01 9+0.3 0 -
0.025% 6-8 8+0.3 4.140.2 6+0.2 0.8+0.02 13+0.6 0 -
0.0125% 6-8 10£0.1*** 4.5+0.2 11+0.4 1.5£0.03 37412 0 -

Note: 1. * - for P>0.95%* 2. - for P>0.99 *** 3. - for P>0.999, 4. K — control.

N

N

Fig. 4: The effect of IBA on the rooting of Stevia rebaudiana microcuttings under in vitro conditions. (A) Control; (B — D) variants
with colchicine pretreatment: (B) 0.05%, (C) 0.025%, and (D) 0.0125%.

without IBA, displayed a poor root system dominated by
callus at the base. Treatment with a high, suboptimal
colchicine concentration (0.05%) followed by IBA application
(Fig. 4B) shows some improvement but still exhibits limited

Engineered Science Publisher

root growth. In stark contrast, microcuttings pre-treated with
the optimal (0.025%, Fig. 4C) and low (0.0125%, Fig. 4D)
colchicine concentrations develop a dense, highly branched,
and architecturally superior root system. This robust root
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structure is ideal for nutrient uptake and is a key factor for
successful ex vitro acclimatization, directly demonstrating the
practical benefit of our combined treatment.

Furthermore, our protocol effectively eliminates the
common morphogenetic anomalies that hinder Stevia
micropropagation, as illustrated in Fig. 5. Untreated
microcuttings frequently develop undesirable traits such as
intensive basal callus (Fig. 5A), the formation of aerial roots

in the nodes (Fig. 5B), or a combination of both (Fig. 5C).
These abnormalities, often linked to hormonal imbalances
within the culture system,**! compromise the quality and
viability of the plantlets. The complete absence of these traits
in our IBA-treated plants (as seen in Fig. 4C and 4D)
underscores the effectiveness of the protocol in normalizing
development and producing high-quality, uniform regenerants
ready for acclimatization.

Fig. 5: Morphogenetic anomalies in untreated Stevia rebaudiana microcuttings in vitro. (A) Intensive callus formation in the
basal shoot zone; (B) Formation of aerial roots in the nodes; (C) Combined abnormalities (callus and aerial roots).

This represents a significant practical improvement of the
protocol, leading to the formation of architecturally sound
plantlets with higher adaptive potential (Fig. 4) and the
complete suppression of common
micropropagation, such as callus and aerial roots (Fig. 5).13%

A critical aspect highlighted by our results is the
significantly lower ex vitro survival rate of colchicine-treated

issues in Stevia

plants (31-37%) compared to the control group (85%) (Table
3). This observation is crucial for the practical application of
this method.

The reduced viability is likely a consequence of several
factors. Firstly, residual phytotoxicity of colchicine may
persist, leading to long-term physiological stress that
compromises the plant's ability to adapt to a non-sterile

Table 3: The effect of colchicine pretreatment on the morphometric parameters and survival of Stevia rebaudiana plants after

acclimatization.
Colchicine Shoot length, cm  Branching (no. Leaves Survival rate, %
concentration, % of shoots)
Number area, cm? thickness, pm

Control 25+0.6 6+0.15 28+0.7 24.8+0.6 22.2+0.5 85+2.1
0.05% 259+0.7 7+0.8 32+40.8%%* 24.24+0.5 24.9+0.6 2540.5%**
0.025% 283 +0.7 9+ 0.22%* 36+£0.9%** 29.540.7*** 26.84+0.7** 3140.8%**
0.0125% 26.9+0.7 8+0.19* 34+£0.8%** 26.3+0.6** 25.7+0.4* 37+0.9%**

Note: 1. * - at P>0.95, 2. ** - at P>0.99***, 3. - at P>0.999, 4. K — control.
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environment.’>¥*  Secondly, while colchicine-induced
changes like larger leaves and thicker stems are desirable, they
may also lead to anatomical or physiological imbalances, such
as altered stomatal function or a less efficient root system,
making the plantlets more vulnerable to transplantation shock
and pathogens.[37-38]

Therefore, developing strategies to improve survival is
essential for translating these findings into practice, a common
challenge in micropropagation.*’*! Future optimization could
involve several approaches: (1) implementing a more gradual,
extended acclimatization period with finer control over
humidity and light intensity;*" (2) incorporating a "recovery"
phase on a hormone-free medium after rooting but before
acclimatization to alleviate residual stress; and (3) enriching
the soil substrate with biostimulants or inoculating it with
beneficial soil microbes, such as plant growth-promoting
rhizobacteria (PGPR), to enhance root health and nutrient
uptake.?741:421 Addressing this challenge is a key priority for
developing a robust protocol for the large-scale propagation of
modified Stevia lines.

Despite the lower survival rates, it is crucial to note that the
plants which successfully acclimatized exhibited the desired
positive morphological changes (Table 3). The optimal
treatment (0.025% colchicine) led to a significant increase in
key biomass indicators, including leaf area (19%), leaf blade
(20%), shoot branching (50%). These

phenotypic enhancements are consistent with the "gigas"

thickness and
effect often associated with induced polyploidy and are of high
practical importance, as greater leaf biomass is directly linked
to a higher potential for stevioside accumulation.!'"'219 These
the
established protocol improvements, provide a strong basis for

promising morphological findings, coupled with

the subsequent cytogenetic and biochemical validation
outlined in our conclusion. "

4. Conclusion and perspectives
This study successfully established an effective protocol for
inducing significant morpho-physiological modifications in
Stevia rebaudiana using colchicine within an in vitro
propagation system. We identified that a 24-hour treatment
with 0.025% colchicine represents an optimal balance,
inducing beneficial traits such as increased leaf area (19%),
leaf thickness (20%), and shoot branching (50%), while
maintaining an acceptable, albeit reduced, ex vitro survival
rate (31%). Furthermore, the developed protocol, which
integrates colchicine pretreatment with IBA-stimulated
rooting, significantly improves rhizogenesis and eliminates
common morphogenetic anomalies, representing a valuable
refinement for Stevia micropropagation.

A primary limitation of the current study is the absence of

Engineered Science Publisher

direct cytogenetic verification (e.g., flow cytometry or
chromosome counting) to confirm changes in ploidy level.
Therefore, the observed morphological changes should be
interpreted as characteristics of presumptive polyploids.
Another limitation is the lack of biochemical analysis to
quantify the steviol glycoside content in the modified plants,
which is the ultimate goal of such breeding efforts.
Consequently, this work lays a critical foundation for
future research perspectives. The immediate priorities are to
(1) perform flow cytometry on the most promising lines to
confirm their ploidy status and (2) conduct a quantitative
analysis of key steviol glycosides (stevioside and rebaudioside
A) to determine if the observed morphological enhancements
correlate with increased sweetener yield. Successfully
validated polyploid lines with superior biochemical profiles
can then be advanced to field trials to assess their agronomic
performance and stability, opening new perspectives for the
industrial cultivation of high-yielding Stevia varieties.

Acknowledgments

This work was supported by the Science Committee of the
Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant Program No. AP26199175).

Conflict of Interest
The authors declare no conflict of interests.

Supporting Information
Not applicable.

CRediT Statment

Saltanat Asrandina: Conceptualization, Methodology,
Validation, Formal analysis, Investigation, Resources, Data
curation, Writing - Original draft preparation, Writing -
Review and editing, Visualization, Supervision, Project
administration, Funding acquisition. Zhanar Chunetova:
Software, Validation, Formal analysis, Investigation, Writing -
Review and editing. Saule Atabayeva: Methodology,
Investigation, Data curation. Yerlan Kirshibayev: Software,
Investigation. Saule Kenzhebayeva: Investigation, Data
curation. Nurgul Mamytova: Formal analysis, Investigation.
Sabina Shoinbekova: Investigation, Data curation. All
authors have read and agreed to the published version of the
manuscript.

References

[1] A. M. Orellana-Paucar, Steviol glycosides from Stevia
rebaudiana: an updated overview of their sweetening activity,
pharmacological properties, and safety aspects, Molecules, 2023,
28, 1258, doi: 10.3390/molecules28031258.

[2] N. Jadid, S. Anggraeni, M. R. N. Ramadani, M. Arieny, F.
Mas’ud, In vitro propagation of Indonesian stevia (Stevia
rebaudiana) genotype using axenic nodal segments, BMC

Eng. Sci., 2025, 37, 1814 |7


https://www.espublisher.com/

Research article

Engineered Science

Research Notes, 2024, 17, 45, doi: 10.1186/s13104-024-06703-0.
[3] V. Peteliuk, L. Rybchuk, M. Bayliak, B. S. Kenneth, Natural
sweetener Stevia rebaudiana: functionalities, health benefits and
potential risks, EXCLI Journal, 2021, 20, 1412-1430, doi:
10.17179/excli2021-4211.

[4] M. B. Abouelela, M. Eid, F. M. Ali, A. . Owis, Optimizing a
rapid tissue culture method for steviol glycoside production from
Stevia rebaudiana to address Egypt’ s sugar deficit, Scientific
Reports, 2025, 15, 25495, doi: 10.1038/s41598-025-10491-3.

[5] S. Sharma, S. Gupta, D. Kumari, S. L. Kothari, R. Jain, S.
Kachhwaha, Exploring plant tissue culture and steviol glycosides
production in Stevia rebaudiana (bert.) bertoni: a review,
Agriculture, 2023, 13, 475, doi: 10.3390/agriculture13020475.
[6] A. K. Ghose, S. N. A. Abdullah, M. A. Md Hatta, P. E. Megat
Wahab, In vitro regeneration of stevia (Stevia rebaudiana bertoni)
and evaluation of the impacts of growth media nutrients on the
biosynthesis of steviol glycosides (SGs), Agronomy, 2022, 12,
1957, doi: 10.3390/agronomy12081957.

[7] V. Srivastava, R. Chaturvedi, An interdisciplinary approach
towards sustainable and higher steviol glycoside production from
in vitro cultures of Stevia rebaudiana, Journal of Biotechnology,
2022, 358, 76-91, doi: 10.1016/j.jbiotec.2022.08.018.

[8] Z. Zainuddin, Z. Urbi, N. M. Ab Halim, In vitro regeneration
and ISSR-based genetic fidelity evaluation of Stevia rebaudiana,
Malaysian  Applied  Biology, 2025, 54, 76-86, doi:
10.55230/mabjournal.v54i1.3192.

[9] M. Dyduch-Sieminska, K. Wawerska, J. Gawroniski, The
potential of plant tissue cultures to improve the steviol glycoside
profile of stevia (Stevia rebaudiana bertoni) regenerants,
International Journal of Molecular Sciences, 2024, 25, 13584,
doi: 10.3390/ijms252413584.

[10] C. A. Espinosa-Leal, C. A. Puente-Garza, S. Garcia-Lara, In
vitro plant tissue culture: means for production of biological
active compounds, Planta, 2018, 248, 1-18, doi: 10.1007/s00425-
018-2910-1.

[11] B. Singh, S. Yun, Y. Gil, M.-H. Park, The role of colchicine
in plant breeding, International Journal of Molecular Sciences,
2025, 26, 6743, doi: 10.3390/ijms26146743.

[12] A. Trojak-Goluch, M. Kawka-Lipifiska, K. Wielgusz, M.
Praczyk, Polyploidy in industrial crops: applications and
perspectives in plant breeding, Agronomy, 2021, 11, 2574, doi:
10.3390/agronomy11122574.

[13] D. H. Touchell, 1. E. Palmer, T. G. Ranney, In vitro ploidy
manipulation for crop improvement, Frontiers in Plant Science,
2020, 11, 722, doi: 10.3389/1pls.2020.00722.

[14] B. P. Bhusare, C. K. John, V. P. Bhatt, T. D. Nikam,
Colchicine induces tetraploids in in vitro cultures of Digitalis
lanata Ehrh. Enhanced production of biomass and cardiac
glycosides, Industrial Crops and Products, 2021, 174, 114167,
doi: 10.1016/j.indcrop.2021.114167.

[15] H. Zhang, S. An, J. Hu, Z. Lin, X. Liu, H. Bao, R. Chen,
Induction, identification and characterization of polyploidy in
Stevia rebaudiana Bertoni, Plant Biotechnology, 2018, 35, 81-86,
doi: 10.5511/plantbiotechnology.17.1227a.

8| Eng. Sci., 2025, 37, 1814

[16] D. Talei, M. K. Nekouei, M. Mardi, S. Kadkhodaei,
Improving productivity of steviol glycosides in Stevia
rebaudiana via induced polyploidy, Journal of Crop Science and
Biotechnology, 2020, 23, 301-309, doi: 10.1007/s12892-020-
00038-5.

[17] E. University, O. Akbas, K. Turgut, Induction of polyploidy
in stevia plants (Stevia rebaudiana Bertoni) using colchicine,
International Journal of Innovative Approaches in Science
Research, 2023, 7, 62-74, doi: 10.29329/ijiasr.2023.606.1.

[18] Q. Alam, M. Ahmad Khah, Z. R. Azaz Ahmad Azad,
Comparative analysis of different chemical mutagens in inducing
chromosomal aberrations in meiotic cells of Triticum aestivum L,
Cytologia, 2022, 87, 99-105, doi: 10.1508/cytologia.87.99.

[19] N. I. Azizan, A. Shamsiah, N. A. Hasan, S. Hussein,
Morphological characterization of colchicine-induced mutants in
Stevia rebaudiana, IOP Conference Series: Earth and
Environmental Science, 2021, 757, 012006, doi: 10.1088/1755-
1315/757/1/012006.

[20] E. A. Erofeeva, Hormesis in plants: Its common occurrence
across stresses, Current Opinion in Toxicology, 2022, 30, 100333,
doi: 10.1016/j.cot0x.2022.02.006.

[21] E. Malkowski, K. Sitko, M. Szopinski, Z. Gieron, M.
Pogrzeba, H. M. Kalaji, P. Zieleznik-Rusinowska, Hormesis in
plants: the role of oxidative stress, auxins and photosynthesis in
corn treated with Cd or Pb, International Journal of Molecular
Sciences, 2020, 21, 2099, doi: 10.3390/ijms21062099.

[22] K. Hannweg, G. Visser, K. de Jager, 1. Bertling, /n vitro -
induced polyploidy and its effect on horticultural characteristics,
essential oil composition and bioactivity of Tetradenia riparia,
South African Journal of Botany, 2016, 106, 186-191, doi:
10.1016/j.5ajb.2016.07.013.

[23] B. S. Revathi, B. Thomas, In vivo polyploidy induction in
Dendrobium crumenatum through colchicine treatment, The
Journal of Applied Horticulture, 2023, 24, 317-321, doi:
10.37855/jah.2022.v24103.56.

[24] S. Ali Moetamedipoor, A. Jowkar, M. J. Saharkhiz, H. S.
Hassani, Hexaploidy improves morphological,
physiological and phytochemical characteristics of mojito mint
(Mentha X villosa), Scientia Horticulturae, 2022, 295, 110810,
doi: 10.1016/j.scienta.2021.110810.

[25] M. A. R. Alani, E. A. J. Elkaaby, J. A. Y. Alani, A. A.
Alaubaidy, L. A. M. Alshimmary, Employment of in vitro
technique to propagate stevia (Stevia rebaudiana) plant, IOP
Conference Series: Earth and Environmental Science, 2023, 1225,
012025, doi: 10.1088/1755-1315/1225/1/012025.

[26] A. T. Ibrahim, H. A. Jawad, Effect of the interaction of
kinetin with indole butyric acid on the multiplication of steva
plant (spanty) in vitro, IOP Conference Series: Earth and
Environmental Science, 2023, 1262, 042043, doi: 10.1088/1755-
1315/1262/4/042043.

[27] N. Asmuni, M. Hakiman, In vitro responses of Stevia
rebaudiana Bert. to MS basal medium supplemented with 6-
benzylaminopurine and indole-3-butyric acid, Fundamental and
Applied Agriculture, 2020, 1, doi: 10.5455/faa.103572.

[28] S. Damodaran, L. C. Strader, Indole 3-butyric acid

induction

Engineered Science Publisher


https://www.espublisher.com/

Engineered Science

Research article

metabolism and transport in Arabidopsis thaliana, Frontiers in
Plant Science, 2019, 10, 851, doi: 10.3389/fpls.2019.00851.

[29] M. Samalova, A. Melnikava, K. Elsayad, A. Peaucelle, E.
Gahurova, J. Gumulec, I. Spyroglou, E. V. Zemlyanskaya, E. V.
Ubogoeva, D. Balkova, M. Demko, N. Blavet, P. Alexiou, V.
Benes, G. Mouille, J. Hejatko, Hormone-regulated expansins:
Expression, localization, and cell wall biomechanics in
Arabidopsis root growth, Plant Physiology, 2023, 194, 209-228,
doi: 10.1093/plphys/kiad228.

[30]Y. H. Su, C. Zhou, Y. J. Li, Y. Yu, L. P. Tang, W. J. Zhang, W.
J. Yao, R. Huang, T. Laux, X. S. Zhang, Integration of
pluripotency pathways regulates stem cell maintenance in
thedrabidopsisshoot meristem, Proceedings of the National
Academy of Sciences of the United States of America, 2020, 117,
22561-22571, doi: 10.1073/pnas.2015248117.

[31] E. D. Shpak, M. Uzair, WUSCHEL: The essential regulator
of the Arabidopsis shoot Apical Meristem, Current Opinion in

Plant Biology, 2025, 85, 102739, doi: 10.1016/j.pb1.2025.102739.

[32] L. Qi, M. Kwiatkowski, H. Chen, L. Hoermayer, S. Sinclair,
M. Zou, C. 1. del Genio, M. F. Kube$, R. Napier, K. Jaworski, J.
Friml, Adenylate cyclase activity of TIR1/AFB auxin receptors in
plants, Nature, 2022, 611, 133-138, doi: 10.1038/s41586-022-
05369-7.

[33] W. Muslihatin, Z. Febriawan, A. M. T. Nasution, S. N.
Patrialoka, 1. P. E. W. Pratama, P. Y. Aisyah, N. Jadid, S.
Fatmawati, T. R. Antika, M. Shovitri, Morphological and
physiological characteristics of Stevia rebaudiana bertoni stem
cuttings under 3-indoleacetic acid (IAA) treatment, Agriculture
(Pol’nohospoddrstvo), 2023, 69, 186-193, doi: 10.2478/agri-
2023-0016.

[34] B. N. Hazarika, Morpho-physiological disorders in in vitro
culture of plants, Scientia Horticulturae, 2006, 108, 105-120, doi:
10.1016/j.scienta.2006.01.038.

[35] W. Taratima, K. N. Rohmah, K. Plaikhuntod, P.
Maneerattanarungroj, A. Trunjaruen, Optimal protocol for in vitro
polyploid induction of Cymbidium aloifolium (L.) Sw, BMC
Plant Biology, 2023, 23, 295, doi: 10.1186/s12870-023-04314-8.
[36] A. Samanta, T. R. Maity, S. Dey, S. Gupta, S. Datta, The
effect of pro-oxidant, anti-oxidant and anti-cancerous drug on
colchicine induced polyploidy cells of grass pea seedling,
Advances in Zoology and Botany, 2023, 11, 399-407, doi:
10.13189/azb.2023.110508.

[37] N. Abdalla, H. El-Ramady, M. K. Seliem, M. E. El-Mahrouk,
N. Taha, Y. Bayoumi, T. A. Shalaby, J. Dobrdnszki, An academic
and technical overview on plant micropropagation challenges,
Horticulturae, 2022, 8, 677, doi: 10.3390/horticulturae8080677.
[38] O. B. Polivanova, V. A. Bedarev, Hyperhydricity in plant
tissue culture, Plants, 2022, 11, 3313, doi:
10.3390/plants11233313.

[39] L. P. Khlebova, A. Orazov, A. M. Titova, A. V. Pirogova,
Adaptation to ex vitro conditions of Stevia rebaudiana (Bertoni)
Hemsl. regenerants, Ukrainian Journal of Ecology, 2019, 9, 371-
375, doi: 10.15421/2019 _110.

[40] F. Fathurrahman, M. Mardaleni, A. Krisianto, Effect of
colchicine mutagen on phenotype and genotype of Vigna

Engineered Science Publisher

unguiculata var. sesquipedalis the 7th generation, Biodiversitas
Journal of Biological 2023, 24(3), doi:
10.13057/biodiv/d240310.

[41]J. Wu, M. Sun, A. Pang, K. Ma, X. Hu, S. Feng, Y. Wang, A.
Zhou, Succinic acid synthesis regulated by succinyl-coenzyme A
ligase (SUCLA) plays an important role in root response to
alkaline salt stress in Leymus chinensis, Plant Physiology and
Biochemistry, 2025, 220, 109485, doi:
10.1016/j.plaphy.2025.109485.

[42] M. Grzelak, A. Pacholczak, K. Nowakowska, Challenges
and insights in the acclimatization step of micropropagated
woody plants, Plant Cell, Tissue and Organ Culture (PCTOC),
2024, 159, 72, doi: 10.1007/s11240-024-02923-1.

Diversity,

Publisher’s Note: Engineered Science Publisher remains
neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Open Access

This article is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International, which
permits the use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as appropriate
credit to the original author(s) and the source is given by
providing a link to the Creative Commons license. This usage
for commercial purposes is not allowed. If modifications,
adaptations or any other transformation were made, it is not
allowed for distribution. The images or other third-party
material in this article are included in the article's Creative
Commons license, unless indicated otherwise in a credit line
to the material. If material is not included in the article's
Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright
holder. To view a copy of this license, wvisit
https://creativecommons.org/licenses/by-nc-nd/4.0/.

©The Author(s) 2025.

Eng. Sci., 2025, 37, 1814 |9


https://www.espublisher.com/

