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ABSTRACT

Stevia rebaudiana is a valuable natural sweetener, but its mass propagation faces challenges. This study aimed
to develop an efficient micropropagation protocol by optimizing surface sterilization and evaluating cytokinin
effects. Nodal explants were sterilized with sodium hypochlorite (NaOCI) and cultured on MS medium with
different concentrations of benzyladenine (BA) or kinetin (Kin). Sterilization with 4% NaOCI for 6 minutes was
most effective. During Initiation, BA at 1.5 mg L™ achieved the highest response rate (100%) and longest shoot
length, while BA at 1.0 mg L™ produced the maximum shoot number. In multiplication, BA at 1.5 mg L™ yielded
the highest shoot and leaf production. For Kin, 2.0 mg L™t was optimal in multiplication. Importantly, BA treatment
also resulted in the highest accumulation of stevioside (199.8 ppm) and rebaudioside-A (125.9 ppm), confirming
its dual role in enhancing both biomass and metabolite yield.
Keywords: Stevia rebaudiana, MS medium, HPLC, stevioside, rebaudioside-A.
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INTRODUCTION

Stevia rebaudiana (Bertoni), a perennial plant of the Asteraceae family, has garnered considerable interest as a
natural, zero-calorie sugar alternative due to its elevated levels of steviol glycosides (SGs), particularly stevioside and
rebaudioside A [1]. These glycosides exhibit a sweetness intensity about 300 times greater than sucrose, making them
commercially valuable as sugar substitutes in food, beverages, and pharmaceutical products [2]. Beyond their
sweetening properties, these compounds demonstrate significant biological activities. Notably, Stevia rebaudiana and
its major glycosides, stevioside and rebaudioside A, exhibit promising anti-inflammatory activity through mechanisms
involving the suppression of the NF-kB signaling pathway and modulation of oxidative stress [3].The rising global
demand for S. rebaudiana products is driven by increasing health concerns related to sugar consumption [4]. However,
meeting this demand through conventional agriculture faces significant challenges. Consequently, in vitro
micropropagation has emerged as an essential technique for the rapid and efficient production of uniform, disease-
free planting material, leveraging the totipotent nature of plant cells [5]. The success of this approach critically depends
on optimized culture media supplemented with appropriate plant growth regulators (PGRs). Among PGRs, cytokinins
such as benzyladenine (BA) are particularly effective for stimulating shoot formation and proliferation [6], and have
been successfully applied for the mass propagation of S. rebaudiana [7]. Notably, plant growth responses in vitro are
concentration-dependent for PGRs [8] [9]. Additionally, genetic variability across species leads to distinct in
vitro growth performances [10][11]. Previous research has demonstrated that regenerated Stevia plants exhibit reduced
steviol glycosides (SGs) content and compositional diversity compared to field-grown counterparts[12]. To address
this limitation, diverse strategies have been implemented to generate homogeneous Stevia populations with elevated
SG yields using tissue culture methodologies. These approaches encompass the modulation of tissue and organ culture
parameters, including explant selection [13], basal medium composition and concentration, plant growth regulators
(PGRs) [14] [15] [16], carbon sources, and nutrient optimization [17] [18][19][20]. A major challenge inin
vitro cultures derived from field-grown plants is microbial contamination, which can lead to complete batch failures
rather than minor losses. Effective sterilization is critical, as bacteria and fungi can infiltrate cultures and pose
persistent risks throughout cultivation. Producing sterile and viable in vitro plantlets is essential for improving clonal
propagation efficiency in plant tissue culture [21]. Thus, employing accurate and reliable sterilization methods is vital
for optimizing time and resource utilization in tissue culture practices [22].
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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, Irag. The research
focused on the micropropagation of Stevia rebaudiana, using nodal explants obtained from Al-Jannah Al-Nakhil
Company for Tissue Culture in Baghdad, Irag.
Explant surfaces were cleaned under running tap water. After rinsing with sterile distilled water, Surface sterilization
was then performed in a laminar flow hood by immersing explants in commercial 6% sodium hypochlorite (NaOCI)
at concentrations of 2%, 4%, and 6% for varying durations (2, 4, and 6 minutes). Followed by three rinses in sterile
distilled water. Contamination rates and survival percentages were recorded 30 days later. For cultivation, nodal
segments (1-1.5 cm) were cultured on MS medium supplemented with plant growth regulators .Tow independent
cytokinin experiments Benzyladenine (BA) at concentrations of 0.0, 0.5, 1.0, 1.5, and 2.0 mg L "t and Kinetin (Kin)
at 0.0, 2.0, 4.0, 6.0, and 8.0 mg L. The medium was prepared by dissolving 4.43 g L™t MS basal salts and 30 g L™
sucrose in distilled water. Subsequently, 6.5 g L™ agar was added, and the pH was adjusted to 5.7 + 0.1 before
autoclaving.The cultures were incubated in a growth chamber at 25 + 1°C under a 16-h photoperiod (3000 lux
illumination using white fluorescent lamps). Data on explant survival and regeneration were recorded after 4 and 8
weeks of culture . A Completely Randomized Design (CRD) was employed with ten replicates per treatment, and
means were compared using Duncan’s multiple range test at the 5% probability level [23]. Statistical analyses were
performed using SAS software [24].

2.1.Sample Preparation for Glycoside Analysas

Subsequently, samples corresponding to the optimum concentrations of both BA and kinetin-as well as the untreated
control-were collected. The plant materials 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.Compounds Standard samples of
Stevioside and Rebaudioside -A were taken from Sigma company.

2.2.Sample Extraction:

10 gm of dried Stevia rebaudiana plant were extracted with 25 mL of water in a boiling water bath for 30 min (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 pum membrane
filter before HPLC analysis.

2.3.HPLC

A high-performance liquid chromatography model SYKAM - German method was performed, according to analysis
of stevioside and rebaudioside, Chromatographic method was carried out on C18 -NH2 (250 mm: 4.6 mm: 5 um)
column SAPARETION with temperature control 40 ¢ with UV-Vis detector set to a wavelength of 210 nm. Mobile
phase was a 32:68 (v/v) mixture of acetonitrile and 10 mmol/L sodium phosphate buffer (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

3.1.Surface Sterilization

The results (Table 1) indicated that sodium hypochlorite (NaOCI) concentration and sterilization duration had a
significantly interactive effect on explant survival rates, interaction analysis revealed that the highest survival rate
(100%) was achieved with 4% NaOCI for 6 minutes, while the lowest survival rate (50%) occurred with 2% NaOCI
for 4 minutes, 4% NaOCI for 4 minutes, and 6% NaOCI for 2 minutes. as shown in Figure (2).

Table 1. Effect of sodium hypochlorite (NaOCI) concentration and sterilization duration on contamination and
survival rates of Stevia rebaudiana explants.

2 4 6 Duration effect
Concentration (%) (minute)
Duration (min)
5 70 70 50 63

ab ab b a
4 50 50 70 56

b b ab a

70 100 60 76
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ab a ab a
Concentration effect 63 73 60
(%)

a a a

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

The survival of uncontaminated (living) plant parts and the absence of microbial contamination (e.g., bacteria and
fungi) can be attributed to the toxicity of sodium hypochlorite (NaOCI) against microorganisms and the differential
tolerance of plant tissues to the applied concentrations and exposure times during sterilization. Researchers have
highlighted that residual commercial NaOCI solutions can effectively be removed during the sterilization process by
repeatedly washing the explants. This is facilitated by the decompaosition of NaOCI into less toxic compounds at low
concentrations, making it easier to eliminate through successive rinsing [25] The 4% for 6-minute treatment likely
achieved this balance, whereas incompatible concentrations or durations resulted in either incomplete sterilization
(e.g., 2% for 4 min) or excessive phytotoxicity (e.g., 6% for 2 min). Comparable findings were reported in studies by
[26] [27][28][29][30][31][32].

3.2.Effect of Benzyladenine (BA) on Initiation and Multiplication Stages of Stevia Nodal Explants

The data presented in Table 2 demonstrates that after 4 weeks of culturing Stevia Nodal explants on MS media
supplemented with benzyladenine (BA), the highest explant response rate (100%) was recorded for media containing
(0.5 and 1.5 mg L™t BA). Statistical analysis revealed that the addition of 1.0 mg L™ BA to the culture medium
produced the highest number of shoots (9.20 shoots explant™), significantly outperforming the control treatment (2.10
shoots explant™), while no significant differences were observed among other BA concentrations. Regarding shoot
elongation, the 1.5 mg L™ BA treatment yielded the longest shoots (7.15 c¢cm), significantly exceeding the control
(1.65 cm). In terms of leaf production, MS medium containing 1.0 mg L™t BA generated the highest number of leaves
(58.30 leaves explant™), which was substantially greater than the control (16.00 leaves explant™), with no significant
variation among other treatments.

After 8 weeks of culture, the 1.5 mg L™ BA treatment maintained a 100% response rate. This concentration also
produced the maximum number of shoots (33.70 shoots explant™), showing significant improvement over the control
(1.10 shoots explant™) and other treatments. Interestingly, the optimal shoot length at this stage was achieved with
0.5 mg L™ BA (5.77 cm), significantly greater than the control (0.90 cm). For leaf production, the 1.5 mg L™t BA
treatment again showed superior performance, generating 139.40 leaves explant compared to just 7.00 leaves explant™
in the control, with statistically significant differences among all treatments.

Table (2): Effect of BA on initiation and multiplication stages of Stevia explants (nodes) after 4 and 8 weeks
of cultivation

After 4 weeks After 8 weeks
(Initiation) (multiplication)
Length of Length of
mBﬁ_l Response NO. of the longest I\-Ir Ootzi)lf NO. of longest Total NO.
g. % shoots shoot | ’ shoots shoot of leaves
eaves
(cm) (cm)
70 2.10 1.65 16.00 1.100 0.90 7.00
0.0 b c b d b d
100 6.80 5.37 57.90 21.10 5.77 111.50
0.5 a ab a b a ab
90 9.20 3.72 58.30 11.90 2.15 70.30
1.0 a bc a bc b bc
100 5.30 7.15 47.30 33.70 5.17 139.40
15 ab a a a a a
80 7.80 2.15 51.20 8.700 1.42 47.90
2.0 a c a cd b dc
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Values followed by the same letter are not significantly different according to Duncan’s Multiple Range Test
at the 5% probability level.

3.3.Effect of Kinetin (Kin) on Initiation and Multiplication Stages of Stevia Nodal Explants

Data from Table 3 indicate that after 4 weeks of culturing Stevia Nodal explants on MS media supplemented with
kinetin (Kin), treatments with 4.0 and 8.0 mg L™* Kin showed a 100% response rate. Statistical analysis revealed that
the addition of 8.0 mg L™ Kin to the MS medium produced the highest number of shoots (4.50 shoots explant™),
significantly exceeding both other concentrations and the control treatment (2.10 shoots explant™). Regarding shoot
elongation, the 4.0 mg L™* Kin treatment yielded the longest shoots (5.02 cm), demonstrating significant superiority
over both the control (1.65 cm) and other concentrations. For leaf production, MS medium containing 8.0 mg L™ Kin
generated the highest number of leaves (33.80 leaves explant™), which was significantly greater than the control
(16.00 leaves explant™), with all treatments showing statistically significant differences.
After 8 weeks of culture, treatments with 4.0 and 8.0 mg L™* Kin maintained a 100% response rate. Interestingly, the
optimal shoot production at this stage was achieved with 2.0 mg L™* Kin (6.50 shoots explant™), showing significant
improvement over the control. In terms of shoot length, the 2.0 mg L™ Kin treatment produced the longest shoots
(7.60 cm), substantially exceeding both the control (0.90 cm) and other concentrations. For leaf development, MS
medium supplemented with 2.0 mg L™t Kin resulted in the highest leaf count (48.00 leaves explant™), which was
significantly greater than the control (7.90 leaves explant™), with all treatments demonstrating statistically significant
differences.

Table (3): Effect of Kin on initiation and multiplication stages of Stevia explants (Nodal) for after 4 and 8
weeks of cultivation

After 4 weeks After 8 weeks
Kin (Initiation) (multiplication)
mg.L- Length of Total Length of
Response NO. of the longest NO. of NO. of longest shoot Total NO.
% shoots shoots of leaves
shoot (cm) leaves (cm)
0.0 70 2.10 1.65 16.00 1.10 0.90 7.90
' b c b b b b
90 2.70 3.92 25.60 6.50 7.60 48.00
2.0
b ab ab a a a
100 2.50 5.02 24.90 5.90 7.35 40.90
4.0
b a ab a a a
6.0 70 2.50 2.20 19.90 2.00 0.65 11.10
' b bc b b b b
8.0 100 4.50 4.00 33.80 1.70 0.37 8.70
' a ab a b b b

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

The results presented in Tables 2 and 3 demonstrate that cytokinins exert their most pronounced effects when
applied at low concentrations to explants [33]. Both benzyladenine and kinetin, which share similar chemical
structures, belong to the cytokinin family [34]. These plant growth regulators enhance nutrient uptake capacity and
stimulate cell division in plant tissues [35]. Cytokinins influence numerous plant species through their multifaceted
roles in growth and developmental processes. Their physiological impacts extend to multiple biological functions
including: dormancy release, apical dominance regulation, shoot initiation and development, phyllotaxis
determination, vascular differentiation, leaf senescence delay, shooting promotion, nodulation stimulation, seed
germination enhancement, nutrient mobilization, and mediation of responses to both biotic and abiotic stress factors
[36].

The study findings revealed that while cytokinins are essential for plant growth regulation, they demonstrate inhibitory
effects when concentrations exceed optimal levels. Notably, benzyladenine (BA) showed superior performance
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compared to kinetin (Kin) at their respective optimal concentrations in explant culture systems. This enhanced activity
of BA can be attributed to its distinctive molecular structure containing reactive double bonds, which facilitate more
efficient stimulation of cell division and expansion processes. These structural advantages translate to more
pronounced effects on overall plant growth and development, explaining BA’s widespread preference as the cytokinin
of choice for micropropagation across various plant species [37]. The higher efficacy of BA compared to Kin is due
to structural differences: BA contains a benzene ring with three double bonds, whereas Kin has only two. This
increased number of double bonds enhances biological activit [38]. These results are consistent with previous research
findings reported by [39][27][40][41][42][43][44][45][46][471[48] [49]. Overall, BA at 1.5 mg L~ demonstrated the
highest efficacy in shoot multiplication and leaf production across both stages, whereas Kin required higher
concentrations for optimal response, aligning with its known role as a less potent cytokinin in Stevia micropropagation
[33, 37].
3.5. Effect of BA and Kin Treatments on the Accumulation of Steviol Glycosides in the Stevia Plant (Stevia
rebaudiana)
HPLC analysis was conducted to quantify stevioside and rebaudioside in explant derived from the optimal treatments
identified in the multiplication stage. The results, presented in Table 4, show significant variation among
treatments. The control sample (0.0) showed baseline levels of 160.5 ppm stevioside and 92.5 ppm rebaudioside. The
treatment with BA notably increased both compounds, reaching 199.8 ppm for stevioside and 125.9 ppm for
rebaudioside. Similarly, the Kin treatment elevated the levels to 183.5 ppm for stevioside and 110.3 ppm for
rebaudioside, respectively.

Table (4): Quantitative Assessment of Steviol Glycosides (Stevioside and Rebaudioside) Content in Different

SG Samples .
Treatments Stevioside ( ppm) Rebaudioside ( ppm)
Control 160.5 925
BA 199.8 125.9
Kin 183.5 110.3

The Analysis revealed that the application of cytokinins, particularly BA, not only enhanced shoot proliferation
(Tables 2 and 3) but also positively influenced the biosynthesis of steviol glycosides. The highest accumulation of
both target compounds was recorded in the BA-treated explant. This increase in secondary metabolite content
correlates with the observed enhancement in vegetative growth parameters (shoot and leaf number). The results
suggest that optimized in vitro conditions with appropriate cytokinin supplementation can stimulate pathways
involved in steviol glycoside production, beyond merely increasing biomass. These findings align with previous
reports on the positive effect of optimized tissue culture protocols on steviol glycoside yield in S. rebaudiana [50],
[51],[52]and[3].

Conclusion

This study presents an optimized and integrated protocol for the micropropagation of stevia (Stevia rebaudiana
Bertoni) applicable at the tissue culture level. The results demonstrated that sterilizing nodal segments with 4% sodium
hypochlorite for 6 minutes is optimal for ensuring the highest contamination-free survival rate. Regarding the
stimulation of vegetative growth, benzyladenine (BA) at a concentration of 1.5 mg L™ emerged as a superior agent
during the multiplication stage, achieving the highest productivity in terms of shoot count (33.70 shoots/explant) and
leaf number (139.40 leaves/explant). Most importantly, this same treatment led to the highest quantitative
accumulation of the economically active compounds, stevioside and rebaudioside-A, confirming a dual advantage that
extends beyond mere biomass increase to enhancing the qualitative value of the produced plants
Based on these findings, it is recommended to adopt the aforementioned sterilization protocol and use MS medium
supplemented with 1.5 mg L™t BA to obtain the highest propagation rate and quality in the resulting plants. For future
research, we suggest validating these results on a larger scale using temporary immersion bioreactors, testing the effect
of other plant growth regulator combinations (such as thidiazuron) or biotic/abiotic stresses as elicitors to enhance
glycoside production, and studying the genetic stability of the propagated plants using molecular techniques to ensure
the homogeneity of the produced line.
Figure (1): Stevia (Stevia rebaudiana) plants were obtained from Al-Jannah Al-Nakhil Company for Tissue Culture
in Baghdad, Iraq.
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Figure (1): Stevia (Stevia rebaudiana) plants were obtained from Al-Jannah Al-Nakhil Company for Tissue Culture
in Baghdad, Iraq.
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Figure (4): Multiplication stages with different (Kin) concentrations (mg.L™2)
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Figure (5) HPLC chromatogram of the extracts from tissue-cultured Stevia rebaudiana control plants.
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Figure (6)HPLC chromatogram of plant extracts resulting from treatment with benzyladenine in the tissue culture of
Stevia rebaudiana.
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Figure (7)HPLC chromatogram of plant extracts resulting from treatment with kinetin in the tissue culture of Stevia

rebaudiana

Chromatography Laboratory

m e
Sampie Info:
Sample 1D : Rebaudioside 5 ppm Amount 1]
Sample : Rebaudioside 5 ppm ISTD Amount (1]
Inj. Volume [mL] : 0.1 Dilution 1
Autostop : 20,00 min External Start : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Sample. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
1.2
1.0
0.8 2
~”
g
g 06
<
0.4
0.2
0.0
0 2 4 6 8 10 12 14
[min.]
Resuit chromatography Table (Uncal - F:\ Rebaudioside S ppm )
No Reten. Time Area Height Area Height wos Compound
[min] [mAU.s] [mAU] [%] [%] [min] Name
1 3.85 2014.99 774.09 100.00 100.00 0.25
Total 2014.99 774.09 100.00 100.00

176



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 3, 2026 Online ISSN: 2958-6585

References
[1]. Kumari, A., Biswas, P., & Kumar, N. (2025). Recent Advancement in Medicinal Properties and Safety
Aspects of Stevia rebaudiana: Zero-Calorie Sugar Plant. Sugar Tech, 1-21.
[2]. Lemus-Mondaca, R., Vega-Gélvez, A., Zura-Bravo, L., & Ah-Hen, K. (2012). Stevia rebaudiana Bertoni,
source of a high-potency natural sweetener: A comprehensive review on the biochemical, nutritional and
functional aspects. Food Chemistry, 132(3),11211132. https://doi.org/10.1016/j.foodchem.2011.11.140.

[3]. Carlucci, V., Milella, L., Tzvetkov, N. T., Bhattacharya, S., Ponticelli, M., & Russo, D. (2025). Not just
sweetness, the anti-inflammatory potential of Stevia rebaudiana Bertoni and its major glycosides: A
systematic review of in vivo investigations. Food Nutrition, 100035.

[4]. Tavarini, S., Passera, B., & Angelini, L. G. (2018). Crop and steviol glycoside improvement in Stevia by
breeding. In Steviol glycosides: Cultivation, processing, analysis and applications in food (pp. 1-31).
Academic Press.

[5]. Sarma, M. K., Sharma, A. A., Samantara, K., & Wani, S. H. (2023). In vitro techniques in plant breeding. In
A. Raina, M. R. Wani, R. A. Laskar, N. Tomlekova, & S. Khan (Eds.), Advanced crop improvement, volume
1: Theory and practice (pp. 1-31). Springer. https://doi.org/10.1007/978-3-031-28146-4 8.

[6]. Garcia-Ramirez, Y. (2024). Morphological and physiological responses of proliferating shoots of bamboo to
cytokinin. Vegetos, 37(1), 6-15..

[7]. Anbazhagan, M., Kalpana, M., Rajendran, R., Natarajan, V., & Dhanavel,D. (2010). In vitro production of
Stevia rebaudiana Bertoni. Emirates Journal of Food and Agriculture, 22(3), 216-222.
https://doi.org/10.9755/ejfa.v22i3.4891.

[8]. Rezali, N. I, Sidik, N. J., Saleh, A., Osman, N. I., & Adam, N. A. (2017). The effects of different strength of
MS media in solid and liquid media on in vitro growth of Typhonium flagelliforme. Asian Pacific Journal of
Tropical Biomedicine, 7(2), 151-156. https://doi.org/10.1016/j.apjtb.2016.11.019.

[9]. Mosavat, N., Golkar, P., & Yousefifard, M. (2015). Regeneration from apical bud as a novel explant
of Carum  copticum L. Asian Pacific ~ Journal of  Tropical Biomedicine, 5(10),  824—
828. https://doi.org/10.1016/j.apjtb.2015.07.010.

[10]. Muppala, S., Gudlavalleti, P. K., Pagidoju, S., Malireddy, K. R., Puligandla, S. K., & Dasari, P. (2020).
Distinctive response of maize (Zea maysL.) genotypesin vitrowith the acceleration of
phytohormones. Journal of Plant Biotechnology, 47(1), 26-39. https://doi.org/10.5010/JPB.2020.47.1.026.

[11]. Scalzo, J., Donno, D., Miller, S., Ghezzi, M., Mellano, M. G., Cerutti, A. K., & Beccaro, G. L. (2016). Effect
of genotype, medium and light on in vitro plant proliferation of Vaccinium spp. New Zealand Journal of Crop
and Horticultural Science, 44(4),231-246 . https://doi.org/10.1080/01140671.2016.1206946.

[12]. Bayraktar, M., Naziri, E., Akgun, I. H., Karabey, F., llhan, E., Akyol, B., Bedir, E., & Gurel, A. (2016).
Elicitor induced stevioside production, in vitro shoot growth, and biomass accumulation in micropropagated
Stevia rebaudiana. Plant Cell, Tissue and Organ Culture (PCTOC), 127(2), 289-300.
https://doi.org/10.1007/s11240-016-1053-4

[13]. Blinstrubiené, A., Burbulis, N., Juskevigiiité, N., & Zukiené, R. (2020). Factors affecting organogenesis of
Stevia rebaudiana and in vitro accumulation of steviol glycosides. Zemdirbyste-Agriculture, 107(2), 171—
178. https://doi.org/10.13080/z-a.2020.107.022

[14]. Aman, N., Hadi, F., Khalil, S. A., Zamir, R., & Ahmad, N. (2013). Efficient regeneration for enhanced steviol
glycosides production in Stevia rebaudiana (Bertoni). Comptes Rendus Biologies, 336(10), 486-492.
https://doi.org/10.1016/j.crvi.2013.09.002

[15]. Dey, A., Paul, S., Kundu, S., Bandyopadhyay, A., & Bhattacharjee, A. (2013). Elevated antioxidant potential
of chlorocholine chloride-treated in vitro grown Stevia rebaudiana Bertoni. Acta Physiologiae Plantarum,
35(6), 1775-1783. https://doi.org/10.1007/s11738-013-1200-1

[16]. R6ck-Okuyucu, B., Bayraktar, M., Akgun, I. H., & Gurel, A. (2016). Plant growth regulator effects on in
vitro propagation and stevioside production in Stevia rebaudiana Bertoni. HortScience, 51(12), 1573-1580.
https://doi.org/10.21273/HORTSCI11218-16

[17]. Kahrizi, D., Ghaheri, M., Yari, Z., Yari, K., & Bahraminejad, S. J. (2018). Investigation of different
concentrations of MS media effects on gene expression and steviol glycosides accumulation in Stevia
rebaudiana Bertoni. Cellular and Molecular Biology, 64(1), 23—27. https://doi.org/10.14715/cmb/2018.64.1.5

[18]. Akbari, F., Arminian, A., Kahrizi, D., Fazeli, A., & Biology, M. (2017). Effect of nitrogen sources on some
morphological characteristics of in vitro Stevia rebaudiana Bertoni. Cellular and Molecular Biology, 63(2),
107-111. https://doi.org/10.14715/cmb/2017.63.2.18

[19]. Kumari, M., & Chandra, S. (2015). Stevioside glycosides from in vitro cultures of Stevia rebaudiana and

177


https://doi.org/10.1016/j.foodchem.2011.11.140
https://doi.org/10.1007/978-3-031-28146-4_8
https://doi.org/10.1016/j.apjtb.2016.11.019
https://doi.org/10.1016/j.apjtb.2015.07.010
https://doi.org/10.5010/JPB.2020.47.1.026
https://doi.org/10.1080/01140671.2016.1206946
https://doi.org/10.1007/s11240-016-1053-4
https://doi.org/10.13080/z-a.2020.107.022
https://doi.org/10.1016/j.crvi.2013.09.002
https://doi.org/10.1007/s11738-013-1200-1
https://doi.org/10.21273/HORTSCI11218-16
https://doi.org/10.14715/cmb/2018.64.1.5
https://doi.org/10.14715/cmb/2017.63.2.18

Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 3, 2026 Online ISSN: 2958-6585

antimicrobial assay. Brazilian Journal of Botany, 38(4), 761-770. https://doi.org/10.1007/s40415-015-0103-
9

[20]. Mehrafarin, A., Etminan, A., Delkhosh, B., & Golrokhan, M. (2016). Assessment of stevioside content, shoot
proliferation, and root induction of Stevia rebaudiana Bertoni under in vitro conditions. Journal of Medicinal
Plants, 15(58), 98-110

[21]. Mekonnen, T., Diro, M., & Sharma, M. (2013). An alternative safer and cost effective surface sterilization
method for sugarcane (Saccharum officinarum L.) explants. African Journal of Biotechnology, 12(44),
6282-6286. https://doi.org/10.5897/AJB2013.12481

[22]. Mahmoud, S. N., & Al-Ani, N. K. (2016). Effect of different sterilization methods on contamination and
viability of nodal segments of Cestrum nocturnum L. International Journal of Research Studies in
Biosciences, 4(1), 4-9. https://doi.org/10.20431/2349-0365.0401002.

[23]. Al-Rawy, K. M., & Khalaf Allah, A. A. M. (1980). Design and analysis of agricultural experiments. Dar Al
Kutub Printing Press.

[24]. Littell, R., Stroup, W. W., & Freund, R. (2002). SAS for linear models. John Wiley & Sons.

[25]. Rodriguéz-Paez, L. A., Pineda-Rodriguez, Y. Y., Pompelli, M. F., Jimenez-Ramirez, A. M., Genes-Avilez,
0. J,, Jaraba-Navas, J. D. D., Jarma-Orozco, A., Combatt-Caballero, E., Oviedo Zumaqué, L. E., Suarez-
Padron, I. E., Oloriz-Ortega, M. I., & Rodriguez, N. V. (2024). Micropropagation protocols for three elite
genotypes of Stevia rebaudiana Bertoni. Horticulturae, 10(4),
404. https://doi.org/10.3390/horticulturae10040404

[26]. Kamal, T. F., Al-saad, K. G., & Noori, A. M. (2024, July). Initiation and Multiplication of Petunia Explants
(Petunia hybrida L.) in Vitro Propagation. In IOP Conference Series: Earth and Environmental Science (Vol.
1371, No. 4, p. 042054). 10P Publishing.

[27]. EI-Banna, A. N., Khattab, S., EI-Sherif, F., & El-Eslamboly, A. A. S. (2021). An efficient in vitro culture
protocol of stevia plants (Stevia rebaudiana Bertoni var. chaine2) with cytogenetical studies. Egyptian
Journal of Botany, 61(3), 789-804. https://doi.org/10.21608/ejb0.2021.95577.1726.

[28]. Anbazhagan, M., Kalpana, M., Rajendran, R., Natarajan, V., & Dhanavel, D. (2015). Standardization of
surface sterilization protocol of field grown Stevia rebaudiana prior to in vitro clonal propagation. Journal of
Applied Biology & Biotechnology, 3(6), 1-6. https://doi.org/10.7324/JABB.2015.3601.

[29]. Alani, M. A., Elkaaby, E. A., Alani, J. A., Alaubaidy, A. A., & Alshimmary, L. A. (2023, August).
Employment of In Vitro Technique to Propagate Stevia (Stevia rebaudiana) Plant. In IOP Conference Series:
Earth and Environmental Science (Vol. 1225, No. 1, p. 012025). IOP Publishing.

[30]. SHAKOR, I. F., & NOORI, A. M. (2024). In Vitro Propagation of Lemon Citrus lemon local using WPM
media. Kirkuk University Journal For Agricultural Sciences (KUJAS), 15(2).

[31]. Kamal, T. F. (2019). Effect of plant growth regulators on micropropagation of petunia and the production of
synthetic seeds [Master’s thesis, Kirkuk University]. College of Agriculture, University of Kirkuk.

[32]. Bhojwani, S. S., & Dantu, P. K. (2013). Plant tissue culture: An introductory text. Springer.

[33]. Bozs6, Z., & Barna, B. (2021). Diverse effect of two cytokinins, kinetin and benzyladenine, on plant
development, biotic stress tolerance, and gene expression. Life, 11(12),
1404. https://doi.org/10.3390/1ife11121404

[34]. Taiz, L., & Zeiger, E. (2010). Plant physiology (5th ed.). Sinauer Associates.

[35]. Zurcher, E., & Mauller, B. (2016). Cytokinin synthesis, signaling, and function—Advances and new
insights. International Review of Cell and Molecular Biology, 324, 1-
38. https://doi.org/10.1016/bs.ircmb.2016.01.001.

[36]. George, E. F. (1993). Plant propagation by tissue culture: Part 1—The technology (2nd ed.). Exegetics
Limited.

[37]. Davies, P. J. (1995). The plant hormones: thei nature,. occurrence, and functions. In Plant hormones:
physiology, biochemistry and molecular biology (pp. 1-12). Dordrecht: Springer Netherlands

[38]. Karim, M. Z., Amin, M. N., Azad, M. A. K., Begum, F., Rahman, M. M., Islam, M. M., & Alam, R. (2003).
Effects of different plant growth regulators onin vitro shoot multiplication of Chrysanthemum
morifolium. Online Journal of Biological Sciences, 3(6), 553-560.

[39]. Al-Nuaimi, M. R., & Obaid, A. A. (2023, December). Role of Plant Growth Regulators on Multiplication of
Stevia rebaudiana Inside Manufactured Temporary Immersion Bioreactor and Induction of Callus from
Explant. In IOP Conference Series: Earth and Environmental Science (Vol. 1262, No. 4, p. 042011). I0P
Publishing.

[40]. Bhingradiya, V., Mankad, A., Patel, R., & Mathur, S. (2016). In vitro shoot multiplication of Stevia
rebaudiana (Bert) through plant tissue culture. International Journal of Advanced Research, 4(11), 2300—

178


https://doi.org/10.1007/s40415-015-0103-9
https://doi.org/10.1007/s40415-015-0103-9
https://doi.org/10.5897/AJB2013.12481
https://doi.org/10.20431/2349-0365.0401002
https://doi.org/10.3390/horticulturae10040404
https://doi.org/10.21608/ejbo.2021.95577.1726
https://doi.org/10.7324/JABB.2015.3601
https://doi.org/10.3390/life11121404
https://doi.org/10.1016/bs.ircmb.2016.01.001

Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 3, 2026 Online ISSN: 2958-6585

2307. https://doi.org/10.21474/1JAR01/2339.

[41]. Razak, U. N. A. A,, Ong, C. B,, Yu, T. S,, & Lau, L. K. (2014). In vitro micropropagation of Stevia
rebaudiana Bertoni in Malaysia. Brazilian Archives of Biology and Technology, 57(1), 23—
28. https://doi.org/10.1590/S1516-89132014000100004.

[42]. Sundararaj, S., Agrawal, A., & Tyagi, R. K. (2021). Biomass enhancement of Stevia rebaudiana Bertoni
shoot culture in temporary immersion system (T1S) RITA® bioreactor optimized in two different immersion
periods. Plant Cell, Tissue and Organ Culture, 144(1), 185-195. https://doi.org/10.1007/s11240-020-01944-
2

[43]. Yesmin, S.(2019). In vitro micropropagation of Stevia rebaudiana Bertoni. Plant Tissue Culture and
Biotechnology, 29(2), 277-284.

[44]. Mosa, N. A, Ali, A. M., & Zibari, P. A. A. (2024). Assessment Genetic Stability of Magnolia Grandiflora L.
By Aflp Marker Via Tissue Culture Technology. Journal of Kirkuk University for Agricultural
Sciences, 15(4).

[45]. Faizy, W. S., Toma, R. S., Tamer, Y. S., & Khaza’al, W. (2022). In Vitro Propagation of Pyracantha coccinea
as Affected by Growth Regulators and Different Carbon Sources. Journal Of Kirkuk University for
Agricultural Sciences, 13(4), 244-252.

[46]. Talal, N. R. N. (2023). The effect of some growth regulators and the type of lighting and sucrose on the
micropropagation and production of some secondary metabolite compounds of Stevia rebaudiana in vitro
(Master’s thesis, University of Kerbala, College of Agriculture, Department of Horticulture and Landscape).

[47]. Kamal, T. F., Al-saad, K. G., & Noori, A. M. (2024, July). Initiation and Multiplication of Petunia Explants
(Petunia hybrida L.) in Vitro Propagation. In IOP Conference Series: Earth and Environmental Science (Vol.
1371, No. 4, p. 042054). 10P Publishing.

[48]. AL-Hasany, Z. H. A. R. (2021). The potential of increasing sweetening compounds and studying molecular
markers in EMS-mutated tissue cultures of Stevia rebaudiana Bertoni plants (Doctoral dissertation,
University of Baghdad, College of Agricultural Engineering Sciences, Department of Horticulture &
Landscape Gardening).

[49]. Mustafa, M. A. K. (2020). Composition of callus colonies using planting and embedding methods and the
effect of cell suspension density on the stevioside content of Stevia rebaudiana Bertoni (Master’s thesis,
University of Diyala, College of Education for Pure Science, Department of Biology).

[50]. Mahdi, S. A., & Jasim Alsaedi, N. J. (2023). Improving Steviol Glycosides Production in Stevia Rebaudian
Bertoni by Plant Tissue Culture Technology (Revi.Journal of Kirkuk University for Agricultural
Sciences, 14(3).

[51]. Ali, H. H., Al-Ecehagy, J. M. K., & Noori, A. M. (2023, December). In vitro propagation of pomegranate
(Punica granatum L.). In IOP Conference Series: Earth and Environmental Science (Vol. 1252, No. 1, p.
012102). IOP Publishing.

[52]. Abdulraheem, Z. H., Noori, A. M., Husni, H. S., Lateef, M. A. A., & Alsaffar, M. F. (2024, July). Digitalis
purpurea L. Propagated in Vitro with Various Hormones. In IOP Conference Series: Earth and
Environmental Science (Vol. 1371, No. 4, p. 042050). IOP Publishing.

) amad) 7 A L gy L) clad US|

Lgusi daaa o Ia Je olsa

Gloall ¢ 5SS ¢ A8 dnalne Giload) dusntis 5 i) !
LAl

DA e AN IS Jlad S 555 g0 sl ) sl yall 030 o cilyant Al gy gl 5 (3L (e 0 8] (S0 el Lagun Lymda Ty L) s 0]

Ol 5l (e ddlise 381 5 MS Jaws e e ) 35 s saall 51 s lasily Lsial) adadl) cadie il gl il anili g adand] aedl (s
(%100) lais) s Jef 17 5l aale 1.5 5850 BA G o il Ala ja (& Adlad JEY) 380 6 50 %4 S adiadll OIS (Kin) ¢iasl S (BA)
sl g s il gl el 17 il aale 1.5 58 5 BA Gis cieliaill dla ja 8 g soill aae el 17 il aale 1.0 S5t BA @il i oo 2 Jsh Jshl
& = 199.8) sl o155 e ) Liaf BA dlabas ol el (g0 a1 5 i liaill s ja 4 JiaY) 58 175 aale 2.0 5SSl OIS ¢Sl Apuailly
ALl S el (5 gina s A soal) A o IS a3 el Wby 53 25 Laa o salall (b 6 5 125.9) o 3 sl )l 5 (sl

o 333 gl 5 ¢ s saisins « HPLCe MS o s ¢ Bl sy 5 Lidias -aaliaal) cilaKl)

179


https://doi.org/10.21474/IJAR01/2339
https://doi.org/10.1590/S1516-89132014000100004
https://doi.org/10.1007/s11240-020-01944-w
https://doi.org/10.1007/s11240-020-01944-w

