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Abstract. Rosemary (Rosmarinus officinalis L.) is an economically and medicinally important 

aromatic shrub widely recognized for its richness in essential oils, phenolic diterpenes, and 

antioxidant constituents. Traditional propagation techniques often produce genetically variable plant 

material and are unable to supply sufficient quantities to satisfy industrial demand, highlighting the 

need for efficient and reproducible in vitro propagation systems. In this study, the effects of two 

cytokinin–auxin combinations on the growth, organogenesis, and morphogenetic responses of 

rosemary nodal explants cultured on Murashige and Skoog (MS) basal medium were evaluated. The 

treatments included 1.0 mg/L 6-benzylaminopurine (BAP) combined with 0.5 mg/L naphthaleneacetic 

acid (NAA) (T1), and 2.0 mg/L BAP combined with 0.5 mg/L NAA (T2). Explants were incubated 

under a 15-hour photoperiod with a 7-hour dark cycle at 24–26 °C, following an initial 72-hour dark 

preconditioning period. After four weeks of culture, T1 resulted in uniform shoot development with 

minimal or no callus formation, whereas T2 promoted a higher rate of shoot proliferation but induced 

incipient callus formation in approximately 25% of explants. These results indicate that the balance 

between cytokinin and auxin strongly influences regeneration behavior in rosemary, with 1.0 mg/L 

BAP providing more stable morphogenetic outcomes suitable for large-scale micropropagation, 

while 2.0 mg/L BAP may be applied when rapid shoot multiplication is prioritized under controlled 

conditions ensuring genetic stability. 
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Introduction 

 

Rosemary (Rosmarinus officinalis L., Lamiaceae) is a perennial, evergreen aromatic shrub indigenous 

to the Mediterranean basin, where it has been exploited for culinary, medicinal, and cosmetic 

purposes for centuries. The species accumulates a diverse array of bioactive secondary metabolites, 

including 1,8-cineole, camphor, α-pinene, borneol, rosmarinic acid, carnosic acid, and carnosol, 

which collectively confer pronounced antioxidant, antimicrobial, anti-inflammatory, and 

neuroprotective properties (Del Baño et al., 2003).  
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These phytochemical attributes have sustained growing interest from the pharmaceutical, food, and 

cosmetics industries, leading to a rapid escalation of commercial demand (Jordán et al., 2012). 

 

Global demand for uniform, pathogen-free rosemary planting material has outpaced the capacity of 

traditional propagation methods. Seed-based reproduction is constrained by low germination rates, 

prolonged dormancy, and the generation of genetically heterogeneous offspring (Rao et al., 2009). 

Semi-hardwood stem cuttings, though widely practiced, are subject to seasonal limitations, variable 

rooting success, and the risk of transferring systemic pathogens (Cassells & Curry, 2001). These 

limitations collectively underscore the need for a reproducible, scalable alternative that guarantees 

genetic fidelity and phytosanitary quality. 

 

Plant tissue culture, and in particular micropropagation via organogenesis, provides a compelling 

solution to these constraints. Under controlled in vitro conditions, genetically identical clones can be 

generated at high multiplication rates throughout the year, independent of seasonal and geographic 

restrictions (George et al., 2008). The Murashige and Skoog (MS) basal medium, formulated in 1962, 

remains the most widely adopted nutrient substrate for dicotyledonous tissue culture due to its high 

inorganic salt concentrations and demonstrated efficacy across a broad taxonomic range (Murashige 

& Skoog, 1962). 

 

The regulation of in vitro morphogenesis is principally governed by the exogenous supply of 

phytohormones, particularly cytokinins and auxins. 6-Benzylaminopurine (BAP) is the cytokinin 

most commonly employed to stimulate axillary bud break and multiple shoot proliferation, while 

naphthaleneacetic acid (NAA) serves as an auxin source for root induction and growth modulation 

(Skoog & Miller, 1957). The cytokinin-to-auxin ratio critically determines whether an explant 

undergoes shoot organogenesis, root initiation, or dedifferentiation into callus tissue (Woodward & 

Bartel, 2005). Despite the broad application of rosemary in industrial sectors, optimized, 

concentration-specific protocols for its in vitro propagation remain insufficiently documented in the 

primary literature, particularly with regard to Uzbek germplasm (Hussain et al., 2012). 

 

The present investigation was therefore designed to evaluate the effect of two BAP concentrations 

(1.0 and 2.0 mg/L), each combined with 50 µL NAA, on the growth dynamics, shoot proliferation, 

callus induction, and morphological stability of nodal rosemary explants over a four-week culture 

period. The results are intended to contribute a scientifically grounded, regionally applicable 

micropropagation protocol that can reduce dependence on wild harvesting and support sustainable 

production of this economically important aromatic plant (Johnson et al., 2002). 

 

Materials and Methods 

 

Plant Material and Explant Selection 

Actively growing nodal segments (approximately 1.5–2.0 cm in length, bearing one or two axillary 

buds) were harvested from healthy, greenhouse-maintained rosemary donor plants. Young stem 

segments were selected in preference to mature woody tissue due to their higher regenerative capacity 

and greater responsiveness to exogenous phytohormone treatments (Smith, 2013). All explants were 

collected from plants confirmed to be free from visible signs of fungal or bacterial infection. 

 

Prior to surface sterilization, explants were thoroughly rinsed under running tap water for 30 minutes 

to remove superficial debris, followed by agitation in a 0.1% (v/v) Tween-20 solution for 15 minutes. 

The explants were then subjected to a sequential sterilization protocol (Fig. 1): the explants were 

surface-sterilized by treatment with 80% (v/v) ethanol for 30 s and subsequently exposed to a 1% 

(w/v) sodium hypochlorite (NaOCl) solution for 10 min under mild continuous shaking. Residual 

sterilant was removed by rinsing three to five times with sterile double-distilled water under aseptic 

laminar airflow conditions. 
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Figure 1  

Sequential surface sterilization procedure for Rosmarinus officinalis L. nodal explants. 

(a) Rinsing under running tap water; (b) treatment with 80% ethanol; (c) immersion in 1% NaOCl 

solution; (d) final rinsing with sterile distilled water under laminar airflow. 

 

Culture Medium Preparation 

The explants were initiated on a complete Murashige and Skoog (MS) culture medium containing 30 

g/L sucrose and 7 g/L agar-agar for medium solidification (Murashige & Skoog, 1962). Prior to 

sterilization, the pH value was adjusted to 5.7 ± 0.1 using 0.1 M NaOH or 0.1 M HCl. Two separate 

phytohormone formulations were then added to the prepared media: 

Treatment T1: MS + 30 g/L sucrose + 7 g/L agar + 1.0 mg/L BAP + 50 µL NAA 

Treatment T2: MS + 30 g/L sucrose + 7 g/L agar + 2.0 mg/L BAP + 50 µL NAA 

 

BAP stock solutions (1.0 mg/mL) were prepared by dissolving the compound in a minimal volume 

of 1 M NaOH and diluting to the required volume with deionized water. NAA was dissolved in 96% 

ethanol. The prepared media were sterilized in an autoclave at 120 °C under a pressure of 1.051 

kg/cm² for 20 min. After sterilization, nearly 50 mL of medium was poured into previously sterilized 

350-mL glass culture jars and left at ambient temperature until complete solidification occurred. 

Explant inoculation was conducted in a Class II laminar flow cabinet. 

 

 
 

Figure 2 

Nodal explants of Rosmarinus officinalis L. inoculated onto MS basal medium  

supplemented with BAP and NAA. Culture vessels sealed with polypropylene  

caps and transferred to the growth chamber. 
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Incubation Conditions and Observation Parameters 

Following inoculation, all culture vessels were kept in darkness at 24 ± 1 °C for an initial 72-hour 

period to mitigate the phenolic oxidation response that commonly occurs during explant wounding. 

After inoculation, the explants were placed in a growth chamber operated at 23–27 °C. A 15-hour 

light cycle was applied using cool-white fluorescent lamps with a light intensity of about 40–45 µM 

m⁻² s⁻¹, followed by a 7-hour dark phase. The relative humidity of the culture environment was 

regulated within the range of 60–80%. Growth and developmental changes were recorded weekly for 

four consecutive weeks. 

 

Morphological parameters recorded included: (i) survival rate of explants (percentage of 

contamination-free, viable cultures); (ii) time to visible bud break (days); (iii) mean shoot number per 

explant; (iv) presence and extent of callus formation; and (v) overall morphological uniformity 

assessed by visual scoring on a three-point scale (high, moderate, low). 

 

Results and Discussion 

 

Efficacy of MS Basal Medium for Rosemary Explant Establishment 

The MS basal medium supported reliable establishment of rosemary nodal explants across both 

treatment groups, with survival rates exceeding 85% after the first week. The medium's high 

macronutrient concentrations — particularly with respect to nitrogen, phosphorus, potassium, 

calcium, and magnesium — provided an adequate nutritional basis for the early phases of cell division 

and tissue differentiation (Murashige & Skoog, 1962). This observation is consistent with the broad-

spectrum utility of MS medium reported across numerous Lamiaceae species, including Salvia 

officinalis, Mentha piperita, and Origanum vulgare (Kintzios et al., 1999). 

 

The inclusion of 30 g/L sucrose as the sole carbon source proved sufficient to maintain heterotrophic 

metabolism during the pre-photoperiod dark phase and sustained autotrophic transition thereafter. 

The gelling agent (agar-agar at 7 g/L) provided the appropriate mechanical support for upright explant 

positioning, which is critical for uniform light interception and gas exchange in nodal cultures 

(Loyola-Vargas & Ochoa-Alejo, 2012). 

 

Effect of BAP and NAA on Shoot Proliferation 

Differential shoot proliferation responses were observed between the two phytohormone treatments 

after four weeks of culture (Tab. 1; Figs. 3 and 4). Explants cultured on T1 medium (1.0 mg/L BAP 

+ 50 µL NAA) showed uniform activation of axillary buds within 7–10 days, followed by the 

formation of one to three elongated shoots per explant by the end of the fourth week. In comparison, 

T2 explants (2.0 mg/L BAP + 50 µL NAA) responded more rapidly, with bud break occurring as 

early as 5–7 days after inoculation and producing a noticeably higher average number of shoots per 

explant (Kompelly et al., 2019). These differences are consistent with the well-established role of 

cytokinin concentration in regulating shoot organogenesis. BAP promotes cell division and shoot 

initiation by modulating cell cycle activity and supporting the transition of dormant meristematic 

tissues into actively growing shoot primordia. At relatively lower concentrations (around 1.0 mg/L), 

its effect is mainly directed toward the activation of pre-existing axillary meristems, resulting in more 

controlled and uniform shoot elongation (Mok & Mok, 2001). However, at higher levels (such as 2.0 

mg/L), the increased cytokinin availability intensifies cell proliferation, leading to a higher frequency 

of shoot induction. At the same time, an elevated cytokinin-to-auxin balance can sometimes trigger 

partial dedifferentiation in certain tissues, which may increase the likelihood of callus formation in 

sensitive explants (Skoog & Miller, 1957). 
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Table 1 

Effect of BAP and NAA concentrations on morphogenetic response of Rosmarinus officinalis L. 

nodal explants after four weeks of in vitro culture on MS basal medium 
 

Treatment 
BAP 

(mg/L) 

NAA 

(µL) 

Shoot 

Proliferation 

Callus 

Formation 

Growth 

Uniformity 

T1 1.0 50 

Moderate; 

uniform 

axillary bud 

activation 

Minimal / 

absent 

High; 

morphologically 

stable 

T2 2.0 50 

High; rapid 

multiple shoot 

induction 

Observed in 

some explants 

(~25%) 

Moderate; some 

dedifferentiation 

 

BAP: 6-benzylaminopurine; NAA: naphthaleneacetic acid; T1: low BAP treatment; T2: high BAP 

treatment. 
 

Callus Formation, Morphogenesis, and Genetic Stability 

Callus induction represents a critical quality parameter in micropropagation protocols, as prolonged 

passage through unorganized callus tissue increases the likelihood of somaclonal variation and 

compromises the genetic uniformity of regenerated plants (Larkin & Scowcroft, 1981). In the present 

study, T1 explants displayed negligible callus at the base of shoots and at the cut ends of nodal 

segments, with no evidence of disorganized proliferation at the shoot apex (Gitonga et al., 2010). 

Morphological uniformity was assessed as high for this treatment group. 

 

 
 

Figure 3 

Rosmarinus officinalis L. nodal explants cultured on MS medium supplemented with 2.0 mg/L BAP 

and 50 µL NAA after four weeks of in vitro culture. Note active shoot proliferation and incipient 

basal callus formation in some explants. 

 

T2 explants, by contrast, exhibited visible friable callus at the nodal base in approximately 25% of 

cultures by week three. While this callus did not prevent shoot emergence in most cases, it represented 

an undesirable feature for propagation purposes, as it may delay rooting during the subsequent 

acclimatization phase and necessitates additional sub-culture steps (Pati et al., 2006). The 

morphological uniformity score for T2 was therefore rated as moderate. 
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Figure 4 

Nodal explants of Rosmarinus officinalis L. cultivated on MS medium containing 1.0 mg/L BAP and 

40 mg/L NAA exhibited successful in vitro growth after four weeks. Distinct shoot elongation  

and active axillary bud proliferation were observed, while no callus tissue developed  

during the culture period. 
 

Bioactive Compound Accumulation and Quality Implications 

Secondary metabolite content in tissue-cultured plants is an important practical consideration, 

particularly when the objective is pharmaceutical or nutraceutical production. The literature indicates 

that in vitro-propagated rosemary plants can maintain, and in some cases exceed, the essential oil 

yield of conventionally propagated material when appropriate culture conditions are maintained 

(Ahloowalia et al., 2004; Verpoorte et al., 2002). Morphologically stable explants obtained under T1 

conditions, characterized by orderly shoot development and minimal callus, are expected to exhibit a 

biochemical profile comparable to mother plants, including the retention of key compounds such as 

rosmarinic acid, carnosic acid, and 1,8-cineole. 

 

In contrast, the greater cell division activity induced by 2.0 mg/L NAA BAP, while advantageous for 

rapid multiplication, may redirect primary metabolic flux away from secondary metabolite 

biosynthesis pathways. This phenomenon, associated with high cytokinin-driven growth, has been 

documented in Lamiaceae tissue cultures and underscores the importance of selecting phytohormone 

regimes that balance multiplication rate against chemical quality of the resultant plantlets (Chaturvedi 

et al., 1983). 

 

Conclusion 

 

This study demonstrated that the composition of plant growth regulators in the culture medium has a 

strong effect on the growth behavior, shoot proliferation capacity, and morphological consistency of 

Rosmarinus officinalis L. explants under in vitro conditions. The T1 treatment (1.0 mg/L BAP + 50 

µL NAA) resulted in uniform, callus-free plantlets with consistent axillary shoot development over 

the four-week culture period, indicating its suitability for reliable large-scale micropropagation where 

genetic stability is a primary requirement. In contrast, the T2 treatment (2.0 mg/L BAP + 50 µL NAA) 

produced a higher rate of shoot multiplication, although this was accompanied by occasional callus 

formation in some explants, suggesting that the increased cytokinin level may slightly disturb the 

hormonal balance required for strictly organized organogenesis. 

 

Overall, the results indicate that MS medium supplemented with 1.0 mg/L BAP and 50 µL NAA 

provides an effective baseline protocol for the initial stages of rosemary micropropagation. Further 

work should focus on optimizing rooting conditions, improving acclimatization efficiency during 
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transfer to ex vitro environments, and confirming the genetic fidelity of regenerated plants through 

molecular analyses. Expanding this protocol to include locally adapted rosemary genotypes from 

Central Asia could enhance its practical application and support the conservation and sustainable use 

of medicinal plant resources in Uzbekistan. 
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