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ABSTRACT 

This study aimed to examine the influence of plant growth regulators on the initiation 

of callus formation in various parts of the Stevia rebaudiana Bertoni plant, 

specifically in nodal segments and shoot tips taken from the multiplication stage, 

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 

results revealed that the treatment with 0.3 mg/L BA combined with 1.5 mg/L NAA 

led to the highest callus induction rate in nodal segments, with a maximum fresh 

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 

solution, which led to the formation of a transparent gel matrix around the callus. 

This encapsulation process achieved a 100% success rate, with complete survival 

when stored at 4°C for duration of 28 days. Furthermore, callus samples were 

collected and analyzed for active compounds using high-performance liquid 

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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تكوين الكالس ، وإنتاج البذور الأصطناعية ، واستخلاص المركبات النشطة  تحفيز

 ظروف المختبر ستيفيا ريبوديانا تحتبيولوجيا من  نبات 

 
 جوان علي حسين ، علي محمد نوري 

 قسم البستنة وهندسة الحدائق ، كلية الزراعة ، جامعة كركوك ، العراق

 الخلاصة 
راسة الى التحقيق في تاثير منظمات النمو النباتية على بدء تكوين الكالس في أجزاء مختلفة من نبات ستفيا ريبوديانا وتحديدا دهدفت هذه ال

 ((MSزرعت العينات على وسط موراشيك ، والقمم النامية والماخوذة من مرحلة التضاعف في ظل ظروف المختبرفي الأجزاء العقدية 

أظهرت النتائج ان  .  mg/l(0.1,0.2,0.3بتركيزات ) (BA)والبنزيل ادنين   NAA(0.5,1.0,1.5)mg/l المدعم بتركيزات مختلفة من 

أدت الى أعلى معدل لتحفيز الكالس في الأجزاء العقدية ، اقصى وزن  NAAمن    1.5mg/lمع  BAمن  mg/l  0.3المعاملة بتركيز 

غرام  0.1491.وبالمثل ،انتجت نفس المعاملة أعلى وزن طازج للكالس في القمم النامية حيث وصل الى  غرام 0.1017الطازج قدره 

الس الناتجة من العقد والقمم النامية بمحلول الجينات وكذلك في هذه الدراسة، تم تكوين البذور الصناعية عن طريق تغليف أجزاء الك

حجم(  ، مما أدى الى تكوين مادة \)وزن % 2حجم(   ثم وضعت في محلول الكلوريد الكالسيوم بتركيز\)وزن % 2 الصوديوم بتركيز

مئوية  4الحفظ في درجة الحرارة عند  %100،كما بلغت نسبة البقاء%100هلامية شفافة حول الكالس.حققت عملية التغليف هذه نسبة نجاح 

حيث أظهرت النتائج ان أعلى ،HPCLيوما. إضافة الى ذلك تم جمع عينات من الكالس وأستخلصت المواد الفعالة باستخدام جهاز  28لمدة 

 . الناميةأ في كالس مشتق  من القمم -جزءا بالمليون من رايبوديوسيد 98.7جزءا بالمليون للستيفيوسيد و 1704تركيز مقاس كان 

 .أ-ستيفيوسيد ، رايبوديوسيد،  MS  ،HPCLالكالس ، البذور صناعية ، وسط  :الكلمات المفتاحية

 

INTRODUCTION  

 

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-Siemińska  

. 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 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 El-Motaleb  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 

embryogenesis, they 

form following an intermediate callus phase. These somatic embryos closely 

(Deo 2010). 
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and shoot tips were used. The 

plantlets 
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 Standard samples of Stevioside and 

Rebaudioside -A were taken from Sigma company.

 

Experimental design and statistical analysis 
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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 ; Blinstrubienė et al., 2020 ; Röck-Okuyucu et al., 2016 ; Sharma 

et al., 2015 ; Zayova et al., 2020 ; Keshvari et al., 2018 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 

Survival Rate (%) Storage Duration Temperature 
Seed Conversion 

Rate (%) 

100 7 day 25 °C 100 

80 12 day 25 °C 100 

100 28 day 4 °C 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 re

The results presented in Tabal 5 
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Picture (1):   Plant Explants Were Taken From the Multiplication Stage of Stevia (Stevia Rebaudiana) 

 

 

 

 

 

 

 

 

 

 

 

 

Picture (2): Formation of Different Callus Morphologies Derived From Nodal and Apical Explants 

of Stevia Rebaudiana. 
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Picture (3):  Illustrating the Encapsulated Artificial Seeds 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.HPLC chromatogram of Callus extracts derived from the nadal segment of Stevia 

rebaudiana 

 

 

 

 

 

 

 

 

 

 

 

 

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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