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ABSTRACT
This study aimed to examine the influence of plant growth regulators on the initiation
KEY WORDS: . . . . . .
e i : of callus formation in various parts of the Stevia rebaudiana Bertoni plant,
Callus; artificial seeds; Stevia
rebaudiana; MS medium; specifically in nodal segments and shoot tips taken from the multiplication stage,

stevioside rebaudioside-A; under in vitro conditions. The explants were cultured on Murashige and Skoog (MS)

medium was supplemented with various combination of naphthalene acetic acid
NAA (0.5, 1.0, and 1.5 mg/L) and benzyladenine (BA) at 0.1, 0.2, and 0.3 mg/L. The
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Revision: 03/09/2025 results revealed that the treatment with 0.3 mg/L BA combined with 1.5 mg/L NAA
Proofreading:  13/10/2025 led to the highest callus induction rate in nodal segments, with a maximum fresh
Accepted: 27/09/2025

Available online: 31/12/2025 weight of 0.1017 g. Similarly, the same treatment produced the highest fresh weight

of callus in shoot tips, reaching 0.1491 g. In this study, the callus segments derived
from both nodes and shoot tips were encapsulated using a sodium alginate solution
at a concentration of 2% (w/v), then transferred into a 2% (w/v) calcium chloride
© 2025.This is an open access . . . .
article under the CC by licenses solution, which led to the formation of a transparent gel matrix around the callus.

http://creativecommons.org/license  This encapsulation process achieved a 100% success rate, with complete survival
s/by/4.0

when stored at 4°C for duration of 28 days. Furthermore, callus samples were
@ (i) collected and analyzed for active compounds using high-performance liquid
-l chromatography (HPLC), yielding the highest concentrations of 1704 ppm of
stevioside and 98.7 ppm of rebaudioside A, extracted from apical meristem-derived
callus. The aim of this study was to optimize callus induction, somatic embryogenesis

and artificial seed production in Stevia rebaudiana .
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INTRODUCTION

Stevia rebaudiana (commonly known as Stevia) is a perennial shrub native to South
America, particularly Paraguay and Brazil (Chang ef al., 2005) It contains glycosides, which
are low-calorie sweeteners approximately 300 times sweeter than sucrose (Ilca et al., 2017 ;
Lemus-mondaca ef al., 2012 ; Witono & Chandra., 2020). The leaf extract of Stevia is rich
in various phytochemicals, including austromillin, [-carotene, dulcoside, niacin,
rebaudiosides, riboflavin, steviol, stevioside, and tannin, which exhibit antimicrobial
properties against numerous pathogens (Theophilus, 2015). Stevia extracts are known for
their therapeutic properties, including antioxidant effects, as well as antimicrobial and
antifungal activities (Lemus-mondaca et al., 2012).

Given these attributes, Stevia holds significant scientific and economic potential,

particularly amid rising demand for high-quality raw materials. Notably, its glycoside profile
varies substantially depending on genotype, geographic location, plant maturity,
environmental conditions, harvest timing, and processing methods (Dyduch-Sieminska et
al., 2020) . Seed-based propagation is uncommon in commercial plantations due to the
plant’s cross-pollinating nature, which generates high genetic diversity in seed-derived
populations. Instead, in vitro propagation is prioritized, especially in regions lacking access
to selected seedlings (Al-Taweel et al., 2021).
A mass of undifferentiated (parenchyma) cells, referred to as callus, is produced from plant
tissues cultured in vitro on media supplemented with plant growth regulators such as auxins.
Numerous callus cells exhibit totipotency, enabling them to regenerate into various plant
organs (Abd EI-Motaleb et al., 2015). Somatic embryogenesis is a highly valuable process
in plants and has significant biotechnological applications, including clonal propagation,
synthetic seed production, and genetic transformation. In direct somatic embryogenesis,
embryos develop from organized cells, whereas in indirect somatic embryogenesis, they
form following an intermediate callus phase. These somatic embryos closely resemble
zygotic embryos in both anatomical and physiological characteristics (Deo et al., 2010).

Although somatic embryogenesis has been documented in over a hundred plant
species, only a limited number of reports exist for the Asteraceae family (Nazneen et al.,
2015).
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Synthetic seeds, also known as artificial seeds, are encapsulated somatic embryos or
vegetative propagules derived from in vitro cultures, enveloped with nutrient and protective
compounds. This innovative approach is particularly advantageous for plant species with
limited seed production, as it mimics zygotic seeds by utilizing non-reproductive plant
tissues or organs (Ghosh & Haque, 2019). Sodium alginate is extensively utilized for
encapsulating somatic embryos in synthetic seed production due to its cost-effectiveness,
low toxicity, and stable gel formation. The hardening process of the insoluble calcium
alginate matrix around the propagule is facilitated by an ion exchange reaction between
sodium ions (Na®) in the sodium alginate solution and calcium ions (Ca**) in the calcium
chloride solution (Daud et al., 2008).

The propagation of the propagule in this manner offers substantial protection and
supplies essential nutrients required during the seed regeneration phase. The biodegradable
matrix composing the synthetic seed effectively shields the explants from physical damage
and external environmental stressors. Additionally, it functions as an artificial endosperm for
the somatic embryo, encapsulating nutrients critical for early developmental stages. This
method is particularly recommended for the conservation and propagation of endangered
species, medicinal plants, and commercially valuable crops (Jang et al., 2020).

MATERIALS AND METHODS

This study was conducted between April 2024 and May 2025 at the Plant Cell and
Tissue Culture Laboratory of the Horticulture and Landscape Design Department, College
of Agriculture, University of Kirkuk, IRAQ. To study callus formation for Stevia (Stevia
rebaudiana) Bartoni, plant parts (explants) such as nodes and shoot tips were used. The
plantlets of Stevia (Stevia rebaudiana) were obtained from Al-Jannah Al-Nakhil Company
for Tissue Culture in Baghdad, Iraq. The callogenesis experiment for callus induction (
callogenesis ) was conducted using nodal and shoot tips from the explants obtained from the
multiplication stage. The nodal segment and shoot tips were aseptically separated, and their
surfaces were gently scarified using asterile scalpel to facilitate, contact with the culture
medium and then planted on a medium containing a combination of NAA concentrations
(0.5, 1.0, and 1.5 mg/L) and Benzyladenine at concentrations (0.1, 0.2, and 0.3 mg/L). The
culture media used was MS (Murashige & Skoog, 1962), basal salt mixture at aconcentration
of4.43 g/L.

Additionally, 6.5 g/L agar and 30 g/L sucrose were added inside a glass container
containing 1 liter of distilled water for each concentration on a rotating heater. After boiling
and dissolving the agar, the pH was adjusted to 5.75 £+ 0.1, and the medium was autoclaved
at 121°C for 20 minutes. Aliquots of 40 mL were dispensed into 240 mL culture vessels.
Cultures were incubated in a growth chamber at 25 + 1°C. Data on explant callus induction
were recorded after 6 weeks. To produce artificial seeds, callus tissue derived from nodes
and shoot tips tissues in vitro was used. The callus was cut into uniform fragments of 2-3
mm?® in size for encapsulation. A solution of sodium alginate and Calcium Chloride
dyhydrate (CaClz:-2H20) was prepared by dissolving 1 gram of each in 50 mL of distilled
water. The pH of both the gel and solution was adjusted to 5.70 £ 0.1 and sterilized by
autoclaving at 121°C for 20 minutes. Encapsulation was performed by dropping sodium
alginate droplets—each containing a fragment of callus—using a pipette with its tip cut to
achieve a diameter of (3-4 mm diameter) into the solution to allow complete polymerization.
The capsules were then retrieved, washed with sterile distilled water to remove the CaCl.
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residue, and transferred to Petri dishes containing sterile filter paper to remove excess water.
All of the above procedures were carried out under sterile laminar airflow conditions.

The capsules were divided into numerically equal portions and subjected to conservation in
the dark at two different temperatures (4°C and 25°C) for 7, 12, and 28 days. For storage,
the capsules were placed in sterile Petri dishes, with each plate containing 10 capsules.
Subsequently, samples corresponding to callus formation in nodes and shoot tips were
collected at the optimum concentrations of NAA and BA. The callus were dried in an electric
oven at 30°C for four hours and then ground into a fine powder for the extraction of
rebaudioside A and stevioside from the samples. Standard samples of Stevioside and
Rebaudioside -A were taken from Sigma company.

Experimental design and statistical analysis

A Completely Randomized Design (CRD) with ten replicates per treatment was
employed, and means were compared using Duncan’s multiple range tests at a 5%
significance level (Al-Rawy & Khalaf Allah 1980). Statistical analyses were performed using
SAS software (Littell et al., 2002).

Sample Extraction:

10 gm of dried callus were extracted with 25 mL of water in a boiling water bath for
30 minutes (100°C). Extracts were cooled to room temperature and centrifuged at 2500 rpm
for 15 minutes. The aqueous phases were transferred to a 25 mL volumetric flask and filled
to capacity. The solution was filtered through a 0.45 um membrane filter before HPLC
analysis.

HPLC

A high-performance liquid chromatography (HPLC) model SYKAM (German
method) was performed, according to the analysis of stevioside and rebaudioside.
Chromatographic separation was carried out on a C18-NHz (250 mm: 4.6 mm: 5 um) column
with temperature control at 40°C and a UV-Vis detector set to a wavelength of 210 nm. The
mobile phase was a 32:68 (v/v) mixture of acetonitrile and 10 mmol/L sodium phosphate
buffers (pH 2.6) at a flow rate of 1 mL/min. The sample injection volume was 100 pL, and
analysis was performed with Clarity software.

RESULTS AND DISCUSSIONS:

Data from Table 1 indicate that after 6 weeks of cultivating Stevia nodal segments on
MS medium supplemented with varying concentrations of benzyl adenine (BA) and
naphthalene acetic acid (NAA), the treatment with 0.3 mg/L BA and 1.5 mg/L NAA
exhibited the highest callus formation response (80%). In contrast, no callus formation
response was observed with the combination of 0.3 mg/L BA and 0.5 mg/L NAA. The lowest
response rate (20%) was recorded for the treatment containing 0.2 mg/L BA and 0.5 mg/L
NAA.
Statistical analysis further revealed that the 0.3 mg/L BA + 1.5 mg/L NAA treatment yielded
the highest fresh weight (0.1017 g) and active growth (denoted as +++ ) of callus. The callus
produced under this treatment displayed a distinct whitish-brown color. The lowest callus
formation weight and growth were observed under the treatment with a combination of 0.2

338



Hussein and Noori TJAS Vol. 25, No.4: pp. 335-347

mg/L BA and 0.5 mg/L NAA, where the fresh weight was 0.0068 g, growth was minimal
(+), and the callus exhibited a whitish-brown coloration.

These symbols indicate the following: No callus (-), weak growth (smaller than a lentil seed)
(+), medium growth (equivalent to the size of a lentil seed) (++), vigorous growth (equivalent
to the size of a chickpea) (+++), and vigorous growth (larger than the size of a chickpea)
(++++). (Kamal, 2024)

Table (1) The Effect of Combined Concentrations of Benzyl Adenine (BA) and
Naphthalene Acetic Acid (NAA) on Callus induction from nodal explants of Stevia

rebaudiana
BA NAA Response Fresh
(mgL")  (mgL") (%) Weight ()  CTOWth Coler
0.5 40 0'2?6 + brown
1.0 0.0804 Whitish
0.1 30 ab * brown
0.0131 Whitish
1.5 40 b + brown
0.0068 Whitish
0.5 20 b * brown
0.0363 Whitish
0.2 1.0 60 ab + brow
1.5 40 O'Ol}% + Light green
0.0
0.5 0.0 b _ _
1.0 0.0431 Whitish
0.3 60 ab A brown
L5 20 0.1017 et Whitish
: a brown

Values followed by the same letter are not significantly different according to Duncan’s Multiple Test at the 5% probability level.

Data from Table 2 indicates that after 6 weeks of cultivating Stevia nodal segments
on MS medium supplemented with varying concentrations of benzyl adenine (BA) and
naphthalene acetic acid (NAA), the treatment with 0.1 mg/L BA and 1.0 mg/L NAA
exhibited the highest callus formation response (100%). In contrast, no callus formation
response was observed with the combination of 0.1 mg/L BA + 1.5 mg/L NAA, 0.2 mg/L
BA + 0.5 mg/L NAA, and 0.2 mg/L BA + 1.0 mg/L NAA. The lowest response was recorded
for the combination of 0.2 mg/L BA + 1.5 mg/L NAA, and 0.3 mg/L BA + 0.5 mg/L NAA.
Statistical analysis further revealed that the 0.1 mg/L. BA + 0.5 mg/L NAA treatment yielded
the highest fresh weight (0.1491 g) and active growth (denoted as (+++) of callus. The callus
produced under this treatment displayed a distinct whitish-brown color. The lowest callus
formation weight and growth were observed under the treatment with a combination of 0.2
mg/L BA and 1.5 mg/LL NAA, where the fresh weight was 0.0005 g, growth was minimal
(+), and the callus exhibited a whitish-brown coloration.

These symbols indicate that:
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No callus (-), weak growth (smaller than a lentil seed) (+), medium growth
(equivalent to the size of a lentil seed) (++), vigorous growth (equivalent to the size of a
chickpea) (+++), vigorous growth (larger than the size of a chickpea) (++++). (Kamal, 2024).

Table (2) The Effect of Combined Concentrations of Benzyl Adenine (BA) and
Naphthalene Acetic Acid (NAA) on Callus induction from Shoot Tips of Stevia

rebaudiana
BA NAA o Fresh
(mg-L™) (mg-L™) Response (%) Weight (g) Growth Color
0.1491 Whitish
- °0 a i brown
0.1 1.0 100 0.0692 e Whitish
b brown
0.0
1.5 0.0 b B -
0.0
0.5 0.0 b B B
0.2 1.0 0.0 ol.)o ) )
15 10 0.0005 N Whitish
. C brown
0.5 10 0'0325 + brown
0.3 1.0 40 0.0359 . Whitish
cb brown
0.0151 Whitish
1.5 20 cb * brown

Values followed by the same letter are not significantly different according to Duncan’s Multiple Test at the 5% probability level.

The results presented in Tables 1 and 2 indicate that callus induction in in vitro
cultures primarily occurs at the incision sites formed during explant isolation or through
direct exposure of the explant surface to a suitable culture medium. Specific growth
regulators, particularly balanced ratios of auxins and cytokinins, are critical for inducing
callus formation (Grafi & Barak, 2014; Bairu et al., 2011; Cao & Hammerschlag, 2000 ;
Shah et al., 2015; Khalid & Kassab, 2018). Recent research has highlighted the influence of
plant growth regulators in inducing diverse pigmentation patterns in callus cultures,
including light green, dark green and yellowish-white hues, alongside variations in texture,
such as friable or compact callus structures (Mahmud et al., 2014 ). The application of
specific concentrations of auxins, cytokinins, and their synergistic interactions significantly
enhances callogenesis by promoting cellular metabolic activity, mitotic division, and
biosynthesis of critical growth components (Hedden & Stephen, 2006). These regulators
further facilitate cell wall expansion, elevate protein synthesis via RNA transcription
mechanisms, and drive cytokinesis. Notably, cytokinins are pivotal in modulating protein
and sucrose biosynthesis to accelerate cell proliferation (Mahesh, 2008). As in the following
results (AL-Hasany, 2021 ; Blinstrubiené et al., 2020 ; R6ck-Okuyucu et al., 2016 ; Sharma
etal., 2015 ; Zayova et al., 2020 ; Keshvari et al., 2018 and Abdulraheem et al., 2024). The
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results presented in Table 3 demonstrate the effects of sodium, calcium chloride, and storage
method on the encapsulation success rate of somatic embryos derived from callus for
artificial-seed production. The findings revealed that a transparent gel matrix formed around
the callus fragments at 100%. Moreover, storage in a refrigerator at 4 °C for 28 days resulted
in a 100% survival rate, as did storage in a growth chamber at (25 + 1 °C) for seven days;
however, storage for 14 days yielded an 80% survival rate.

Table (3) Artificial Seed Production from Callus Derived from Nodal Segments of Stevia

rebaudiana
Seed Conversion _ _ )
Rate (%) Temperature Storage Duration Survival Rate (%)
100 25°C 7 day 100
100 25°C 12 day 80
100 4°C 28 day 100

The results presented in Table (4) demonstrate the effects of sodium, calcium
chloride, and storage method on the encapsulation success rate of somatic embryos derived
from callus for Artificial-seed production. The findings revealed that a transparent gel matrix
formed around the callus fragments at 100%. Moreover, storage in a refrigerator at 4°C for
28 days resulted in a 100% survival rate, as did storage in a growth chamber at 24°C for
seven days; however, storage for 14 days yielded a 90% survival rate.

Table (4) Artificial Seed Production from Callus Derived from Shoot Tips of Stevia
rebaudiana

Seed Conversion Rate Temperature Storage Duration Survival Rate (%)

(%)

100 25°C 7 day 100
100 25°C 12 day 90
100 4°C 28 day 100

The results shown in Tables 3 and 4 can be interpreted as follows: the use of a sodium-
alginate—calcium-chloride solution formed a transparent, hydrated gel matrix around the
somatic body, thereby protecting it from injury and desiccation. Moreover, storage at 4 °C
in complete darkness provided the longest preservation period for the artificial seeds, as it
minimized moisture loss—thus preventing the surrounding gel mass from drying out—and
also inhibited premature germination. These findings are consistent with previous reports.
(Shaafiet al., 2021 ; Subrahmanyeswari et al., 2023 ; Yiicesan et al., 2016 ; Ali, 2024; Khalid
& Kassab, 2018)

The results presented in Tabal 5 the Effect of BA and NAA Treatments on the
Accumulation of Steviol Glycosides in the Stevia Plant (Stevia rebaudiana). The analysis
revealed significant variations in the concentrations of stevioside and rebaudioside among
the different treatments. Treatment with callus from shoot tips containing a combination of
NAA concentration and benzyladenine at concentration BA notably increased both
compounds, reaching 1704 ppm for stevioside and 98.7 ppm for rebaudioside. It was less
than the callus from nodal segment to 174.6 ppm for stevioside and 102.6 ppm for
rebaudioside, respectively.
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Table (5) The Effect of NAA and BA on the Accumulation of Steviol Glycosides (Rebaudioside
A / Stevioside) in Callus Cultures from Nodal Segment and Shoot Tip Explants.

Callus Stevioside ( ppm ) Rebaudioside ( ppm )
Callus from nodal segment 174.6 102.6
Callus from shoot tips 1704 98.7

Quantitative Analysis of the SG Content. High-performance Liquid chromatography
(HPLC) analysis revealed a higher content of stevioside and rebaudioside-A in callus derived
from shoot tip tissues of in vitro plants treated with different PGRs, compared to callus from
nodal segments in vitro. These results are consistent with previous research findings reported
by. (Gunasena & Senarath, 2023 ; Javad et al., 2016 ; Kumari & Chandra, 2015 ; Gunasena

& Senarath, 2024 ; Mahdi & Jasim, 2023 )

LT
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Picture (2): Formation of Different Callus Morphologies Derived From Nodal and Apical Explants
of Stevia Rebaudiana.
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Hussein and Noori

Picture (3): Illustrating the Encapsulated Artificial Seeds
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Figure 1.HPLC chromatogram of Callus extracts derived from the nadal segment of Stevia
rebaudiana
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Figure 2. HPLC chromatogram of Callus extracts derived from the shoot tips of Stevia rebaudiana
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CONCLUSION

In conclusion, this study demonstrated that Benzyl Adenine (BA) and Naphthalene
Acetic Acid (NAA) on Callus Formation in Nodal and shoot tips of Stevia rebaudiana.
Significant callus formation from nodal explants was achieved with a combination of 0.3 mg/
L BA and 1.5 mg/L NAA. For shoot tip explants, optimal callus formation occurred with 0.1
mg/L BA and 0.5 mg/L NAA. Successful production of synthetic seeds from Stevia callus
was accomplished, with effective preservation at 4°C, yielding the highest concentration of
Stevioside in callus Cultures derived from shoot Tip Explants.
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