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ABSTRACT. In vitro propagation increases the supply and commercialisation of products of interest. For 

this, optimising the growing conditions and the composition of the culture medium is crucial to benefit 

the full development of the plants. Thus, the objective was to evaluate the in vitro propagation of Aloysia 

triphylla on different culture media, with varying agar and sucrose concentrations. The experiment was 

conducted as a completely randomised design, 3×3×3 factorial scheme, with three culture media (MS, 

JADS and WPM), three sucrose concentrations (8, 10 and 12 g L-1) and three agar concentrations (15, 30 

and 45 g L-1), with three replicates each and experimental units composed of one plant per replicate. After 

25 days of cultivation, the fresh and dry mass of the plants, numbers of leaves, numbers of nodes, plant 

lengths, numbers of oxidised leaves, hyperhydricity and acclimatization percentages were evaluated. The 

WPM medium resulted in a reduced fresh mass, reflecting in the low hyperhydricity observed in the 

explants, and favoured the acclimatization of the plants. Thus, the WPM medium with sucrose (15 g L-1) 

and agar (12 g L-1) is recommended as the medium most suitable for the in vitro regeneration of Aloysia 

triphylla. 
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Introduction 

Brazil stands out in the production of essential oils alongside India, China and Indonesia, which are 

considered the world's largest producers (Paulus, Valmorbida, Toffoli, & Paulus, 2014). Essential oils are 

products of plant origin that are composed of low molecular weight compounds, mainly monoterpenes and 

sesquiterpenes, which are prescribed for a variety of health problems worldwide (Raut & Karuppayil, 2014; 

Bahramsoltani et al., 2018). 

Aloysia triphylla (L'Herit) Britton (common name, lemon verbena) is a medicinal plant of the 

Verbenaceae family native to South America and grown in North Africa and Southern Europe, and it grows 

up to 3.0 meters in height (Zeppenfeld et al., 2014; Bahramsoltani et al., 2018). The species has several 

botanical synonyms, among them Aloysia citriodora, and it is popularly known as cidró, cidrão or erva-luísa. 

It is cultivated in southern Brazil, and it is adaptable to temperate climates (Rojas, Palacios, & Ronceros, 

2012; Paulus, Valmorbida, Toffoli, Nava, & Paulus, 2013; Schmidt et al., 2017; Bahramsoltani et al., 2018).  

The most important medicinal product of this plant is the essential oil, which contains neral, geraniol, 

limonene, cineol, β-caryophyllene and espatulenol, and it is responsible for a series of biological activities, 

such as antimicrobial, insecticidal, neurophysiological, anxiolytic, gastrointestinal, anti-inflammatory, 

cardiovascular and anticancer effects, among others (Gomes et al., 2009; Jimenez-Ferrer et al., 2017; 

Bahramsoltani et al., 2018). Specifically, this essential oil has a high potential to be used as an alternative to 

the use of synthetic antibiotics (Souza et al., 2017) as well as anaesthetics, and it is capable of inducing 

aversive behaviour in fish (Junior et al., 2018). In humans, current studies on the effectiveness of this plant 

are mainly related to antioxidant activity, with the improvement of the antioxidant capacity of blood cells, 

the induction of endogenous defence antioxidants and the reduction of oxidative damages (Bahramsoltani 

et al., 2018). 
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Several climatic factors directly affect the quality, efficacy and safety of the final product, and to avoid 

these problems, industries have been working to increase the quantity and quality of this raw material 

through the cultivation of medicinal plants at a large scale. For this, plant tissue culture techniques provide 

an alternative for Aloysia triphylla multiplication, allowing large-scale production of seedlings through in 

vitro propagation, which offers the phytosanitary quality of the material at a rapid rate and in a short period. 

In addition, the in vitro propagation of medicinal plants can provide uniform chemical compositions and 

high yields of essential oil; however, the relevant information about the species in question is still limited.  

The optimisation of the cultural conditions as well as the composition of the culture medium becomes 

important, because when any of these factors are in disorder, it can lead to morphophysiological alterations 

that are detrimental to the development of the plant (Palma, Schuelter, Stefanello, & Fortes, 2011). These 

include hyperhydricity, a disorder that has as its main symptom the swelling of the shoots, which are light 

green in colour, with translucent leaves that have a glass-like appearance and are elongated, turgid and 

fragile (Vasconcelos, Tomas, Camara, & Willadino, 2012). This disorder can affect the regeneration and 

micropropagation of species (Liu et al., 2017). In addition, the same authors report that hyperhydricity has 

affected applications of in vitro culture in scientific research and industrial production. 

Considering the great medicinal potential of Aloysia triphylla, and given the scarcity of information in 

the literature about in vitro cultivation, the present study is justified. Thus, the objective was to evaluate the 

potential of in vitro propagation of A. triphylla submitted to different culture media having different agar 

and sucrose concentrations, with the purpose of developing an efficient protocol for the rapid production of 

shoots in successive subcultures, since that is a fundamental step of this technology. 

Material and methods 

Plant material and culture conditions 

We used nodal segments of Aloysia triphylla matrix plants as explants. These plants were grown in pots 

containing Carolina® commercial substrate and maintained in a protected environment (galvanised steel 

greenhouse), arranged in the east-west direction, with a semi-circular roof, 10 × 20 m and 3.0 m high, 

covered with 150 μm thick transparent low-density polyethylene film treated to resist ultraviolet radiation, 

with non-selective 87% transmittance. 

Based on previous experiments of culture establishment (data not shown), the plant nodal were excised 

and kept in a sodium hypochlorite solution (1% active chlorine) and under laboratory conditions. Under 

laboratory the leaves were removed and the nodal segments retained in running water for one hour. In a 

laminar flow chamber, nodal segments of approximately 1.5 cm in length were disinfected in ethyl alcohol 

(70%) for 30 seconds, followed by sodium hypochlorite (0.8% active chlorine) for 15 minutes and five washes 

in autoclaved distilled water. After this procedure, the nodal segments were excised to 1.0 cm in length and 

then inoculated into test tubes (25 × 150 mm) each containing 10 mL of macronutrients, micronutrients and 

vitamins in the MS medium (Murashige & Skoog, 1962) supplemented with 100 mg L-1 myo-inositol, 30 g L-1 

sucrose and 1.0 mg L-1 6-benzylaminopurine (BAP). The medium was solidified with 8 g L-1 agar and the 

hydrogen potential (pH) was adjusted to 5.8 ± 0.1, and the tubes were autoclaved at 120°C and 108 kPa for 

15 minutes. The explants were maintained under grow room conditions for seven days in the dark and 18 

days with a photoperiod of 16 hours of light, a temperature of 25 ± 2°C and a luminous intensity of  

36 μmol m-2 s-1 from two fluorescent lamps (Luz do Dia Especial, 40W, Osram, Brazil).  

In order to obtain explants amount necessary for the installation of the experiment, Aloysia triphylla 

shoots previously established in vitro were sub-cultured five times every 25 days in glass bottles (550 mL) 

containing 50 mL of the same culture medium and maintained under the same conditions as above. 

Experimental design and treatments 

The experiment was conducted in a completely randomised design (CRD), in a 3×3×3 factorial scheme 

with three replications, and the experimental unit was composed of one plant per replicate. The three 

culture media tested were MS (Murashige & Skoog, 1962), JADS (Correia, Gonçalves, Couto, & Ribeiro, 

1995) and WPM (Lloyd & Mccown, 1980), and the three sucrose concentrations were 15, 30 and 45 g L-1. The 

three agar concentrations were 8, 10 and 12 g L-1 (Table 1). 
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Table 1. Treatments (T1-T27) used for analysis of the variables in Aloysia triphylla plants submitted to different culture media, sucrose 

(suc) and agar concentrations (g L-1). 

Code Treatments Code Treatments Code Treatments 

T1 MS + 15 suc + 8 agar T10 JADS + 15 suc + 8 agar T19 WPM + 15 suc + 8 agar 

T2 MS + 15 suc + 10 agar T11 JADS + 15 suc + 10 agar T20 WPM + 15 suc + 10 agar 

T3 MS + 15 suc + 12 agar T12 JADS + 15 suc + 12 agar T21 WPM + 15 suc + 12 agar 

T4 MS + 30 suc + 8 agar T13 JADS + 30 suc + 8 agar T22 WPM + 30 suc + 8 agar 

T5 MS + 30 suc + 10 agar T14 JADS + 30 suc + 10 agar T23 WPM + 30 suc + 10 agar 

T6 MS + 30 suc + 12 agar T15 JADS + 30 suc + 12 agar T24 WPM + 30 suc + 12 agar 

T7 MS + 45 suc + 8 agar T16 JADS + 45 suc + 8 agar T25 WPM + 45 suc + 8 agar 

T8 MS + 45 suc + 10 agar T17 JADS + 45 suc + 10 agar T26 WPM + 45 suc + 10 agar 

T9 MS + 45 suc + 12 agar T18 JADS + 45 suc + 12 agar T27 WPM + 45 suc + 12 agar 

 

Plants with a nodal segment and without adventitious roots were inoculated in 550 mL glass flasks 

containing 50 mL each of one of the different culture media, plus the different sucrose concentrations,  

100 mg L-1 myo-inositol and 1.0 mg L-1 of BAP and solidified with different agar. concentrations. The 

pH was adjusted to 5.8 ± 0.1 and the vials were autoclaved at 120°C at 108 kPa for 15 minutes. The 

plants were maintained in a growth room with a photoperiod of 16 hours of light, a temperature of 25 ± 

2°C and a luminous intensity of 36 μmol m-2 s-1 from two fluorescent lamps (Luz do Dia Especial, 

Osram, Brazil).  

For the acclimatization evaluation, the plants were kept in 200 mL plastic pots containing Carolina® 

substrate and maintained under laboratory conditions. In this evaluation, four replications were used, and 

the experimental unit was composed of one plant per replicate. 

After 25 days of cultivation, the variables fresh and dry mass of plants, number of leaves, number of 

nodes, plant length, number of oxidised leaves and hyperhydricity were evaluated. The percentage of 

acclimatization was evaluated after 15 days of ex vitro conditions. For the variable percentage of 

acclimatization, a CRD was used with 27 treatments (Table 1). 

The data were submitted to analysis of variance and the means were compared by the Tukey test at 5% of 

significance. All statistical analyses were performed using the statistical program SISVAR (Ferreira, 2011). 

For the non-parametric hyperhydricity variable, scores of 1 to 3 (1 = without hyperhydricity, 2 = 50% of 

hyperhydricity and 3 = 100% of hyperhydricity) were given, and it was tested by the Kruskal-Wallis test at 

5% significance, in all 27 treatments. 

Results 

By the analysis of variance F test at 5% of significance, there was no difference for the dry mass of plants 

and number of leaves. The fresh mass of plants showed a significant difference for the factors culture media 

× sucrose concentrations and sucrose concentrations × agar concentrations. For the number of nodes, there 

was significant difference only for sucrose concentrations. For plant length, there was significance for the 

type of culture medium and the sucrose concentrations as well as for sucrose concentrations × agar 

concentrations. For the number of oxidised leaves, there was a significant difference for the triple 

interaction of factors (culture media, sucrose and agar). 

When compared to culture media × sucrose concentrations, the fresh mass of plant had a significant 

difference only for the MS culture medium, for which concentrations of 30 and 15 g L-1 were similar (0.207 

and 0.241 g, respectively) and compared to the addition of 45 g L-1 (0.156 g). Comparing sucrose 

concentrations × culture media, there was a significant difference only at the 15 and 30 g L-1 concentration, 

in which the MS medium was superior to JADS and WPM (Figure 1A). For the sucrose concentrations × agar 

concentrations, there was a significant difference for 10 g L-1 agar associated with 15 and 30 g L-1 sucrose 

(0.204 and 0.192 g, respectively), which was greater than that of 45 g L-1 (0.134 g). For 12 g L-1 agar, 30g L-1 

sucrose was higher when compared to the other sucrose concentrations (0.186 g). In contrast, for agar 

concentrations × sucrose concentrations, 15 g L-1 associated with 8 and 10 g L-1 of agar were higher (0.180 

and 0.204 g, respectively). The concentration of 45 g L-1 of sucrose with 8 g L-1 of agar was superior to that of 

all others (0.186 g) (Figure 1B).  
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Figure 1. Fresh mass (A, B), number of nodes (C) and plant length (D, E) of Aloysia triphylla plants grown in different culture media and 

sucrose and agar concentrations. A: Equal lowercase letters for the same culture medium and uppercase letters for the same agar 

concentration do not differ by Tukey test (p<0.05). B and E: Equal lowercase letters for the same concentration of agar and uppercase 

letters for the same sucrose concentration do not differ from each other by the Tukey test (p<0.05). 
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For the number of nodes, the concentration of 15 g L-1 sucrose (3.129) was higher only when compared to 

45 g L-1 (2.574) (Figure 1C). The plant lengths were higher when submitted to MS medium (1,887 cm), 

presenting a significant difference when compared to JADS medium (1,597 cm) (Figure 1D). For the 

combined factors sucrose concentrations × agar concentrations, there was a significant difference only for 

12 g L-1, with which 15 and 30 g L-1 (2.228 and 1.889 cm, respectively) were higher than when compared to  

45 g L-1 of sucrose (1.352 cm) (Figure 1E). 

When comparing sucrose concentrations at culture medium levels with agar concentrations, there was a 

significant difference only with the addition of 45 g L-1 of sucrose, in which the JADS medium plus 12 g L-1 of 

agar had a higher number of oxidised leaves (5.50) when compared to concentrations of 8 and 10 g L-1 (2.5 

and 2.67, respectively). 

For the culture medium within each level of agar and sucrose concentrations, the JADS culture 

medium (5.50) was superior only when compared to MS (1.67) at the concentrations of 45 g L -1 sucrose 

and 12 g L-1 agar. For agar concentrations within culture medium levels × sucrose concentrations, JADS 

supplemented with 45 g L-1 sucrose (5.50) was superior to that of 15 and 30 g L -1 (1.5 and 2.0, 

respectively) (Figure 2). 

 
Figure 2. Variable number of oxidized leaves of Aloysia triphylla plants submitted to different culture media, sucrose and agar 

concentrations. *Equal lowercase letters at agar concentrations within each level of culture medium and sucrose concentrations; Equal 

capital letters in culture medium within each level of sucrose and agar concentrations; Equal greek letters at sucrose concentrations 

within each level of culture media and agar concentrations do not differ from each other by the Tukey test (p<0.05). 

By the results of the Kruskal Wallis test (p<0.05) for the hyperhydricity variable, when comparing all the 

treatments (Table 1), the most influential factor was the culture medium. This is since the WPM medium 

(T19 to T27), independent of the concentration of sucrose and agar used in its composition, had the lowest 

values for this variable, with a maximum score of 6. The JADS medium (T10 to T18) showed a low 

occurrence of hyperhydricity for treatments with 12 g L-1 of agar, with a minimum score of 6 (T12, T15 and 

T18) and a maximum of 12 (T10, T11, T13, T14, T16 and T17). In contrast, the MS medium (T1 to T9) 

showed the highest occurrence of hyperhydricity, with T1 and T2 having the highest scores (18). Only T6 

had a minimum score of 6 (Table 1, Figure 3A). 

For the percentage of acclimatization, the most influential factor was the culture medium, as the WPM 

medium, with the treatments T21 (WPM + 15 sucrose + 8 agar), T22 (WPM + 30 sucrose + 8 agar), T23 (WPM 

+ 30 sucrose + 10 agar) and T25 (WPM + 45 sucrose + 8 agar) were superior for the acclimatization of plants 

(100, 100, 100 and 75%, respectively). They differed from T2 (MS + 15 sucrose + 10 agar), with 25% survival, 

and it was higher when compared to the other treatments, which did not survive when submitted to ex vitro 

conditions (Table 1, Figure 3B). 

 8 agar and 15 Suc 

10 agar and 15 Suc 

12 agar and 15 Suc 

 8 agar and 30 Suc 

10 agar and 30 Suc 

12 agar and 30 Suc 

8 agar and 45 Suc 

10 agar and 45 Suc 

12 agar and 45 Suc 
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The treatments that presented high acclimatization and low hyperhydricity were those with WPM 

medium, being proved with the production of more vigorous and developed plants (Figure 4), except for 

T24, T26 and T27, which comprised a high sucrose or agar concentration, with apparent yellowing and 

oxidation of plants. 

 
Figure 3. Hyperhydricity (A) and percentage of acclimatization (B) of Aloysia triphylla plants grown in different culture media and 

sucrose and agar concentrations. (B) Equal letters do not differ by Tukey test at 5% significance. 

Most plants in MS culture medium showed hyperhydricity and greater yellowing and oxidation 

symptoms (Figure 3A and 5). The same was observed when the plants were submitted to JADS culture 

medium, in which the elevation of sucrose or agar concentrations, the plants remained hyperhydric, yellow 

leaves and apparent oxidation (Figure 6). 
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Figure 4. In vitro propagation of Aloysia triphylla in WPM medium supplemented with different sucrose and agar concentrations. T19 - 

15 sucrose + 8 agar (A); T20 - 15 sucrose + 10 agar (B); T21 - 15 sucrose + 12 agar (C); T22 - 30 sucrose + 8 agar (D); T23 - 30 sucrose + 

10 agar (E); T24 - 30 sucrose + 12 agar (F); T25 - 45 sucrose + 8 agar (G); T26 - 45 sucrose + 10 agar (H); T27 - 45 sucrose + 8 agar (I). 

Bars: 1 cm. 

 
Figure 5. In vitro propagation of Aloysia triphylla in MS medium supplemented with different sucrose and agar concentrations. T1 - 15 

sucrose + 8 agar (A); T2 - 15 sucrose + 10 agar (B); T3 - 15 sucrose + 12 agar (C); T4 - 30 sucrose + 8 agar (D); T5 - 30 sucrose + 10 agar 

(E); T6 - 30 sucrose + 12 agar (F); T7 - 45 sucrose + 8 agar (G); T8 - 45 sucrose + 10 agar (H); T9 - 45 sucrose + 12 agar (I). Bars: 1 cm. 
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Figure 6. In vitro propagation of Aloysia triphylla in JADS medium supplemented with different sucrose and agar concentrations. T10 - 

15 sucrose + 8 agar (A); T11 - 15 sucrose + 10 agar (B); T12 - 15 sucrose + 12 agar (C); T13 - 30 sucrose + 8 agar (D); T14 - 30 sucrose + 

10 agar (E); T15 - 30 sucrose + 12 agar (F); T16 - 45 sucrose + 8 agar (G); T17 - 45 sucrose + 10 agar (H); T18 - 45 sucrose + 12 agar (I). 

Bars: 1 cm. 

Discussion  

This is the first report of in vitro propagation of Aloysia triphylla with different types of culture media and 

sucrose and agar concentrations, that evaluated growth parameters, as well as hyperhydricity and the 

influence of these factors on the acclimatization of plants and the difficulty in acclimatising them. Other 

works have reported the difficulty of in vitro propagation of plants of the Verbenaceae family, as is the case 

of Lippia alba, in which the authors reported a high mortality rate of the explants due to oxidation (Tavares, 

Leitão, Reinert, & Lage, 2013). 

Perennial plants are rich in substances derived from their secondary metabolisms, which play important 

roles in the survival of these species. Among these, phenolic compounds and precursors of lignin synthesis 

may oxidise, which may be linked to the regulation and growth processes, i.e. depending on the endogenous 

concentration of auxin in the tissues. This may increase the oxidation of plants, which is one of the main 

problems that negatively affects the in vitro cultural conditions (Freitas, Oliveira, Dombroski, Câmara, & 

Silva Neto, 2009; Tavares et al., 2013).  

In this work, there was the influence of hyperhydricity in the plants produced, especially when kept in 

MS medium, which resulted in the yellowing and oxidation of the plants with consequent reduction of 

survival during the acclimatization stage. The specificity of explants, culture medium, plant growth 

regulators, environment and culture conditions showed some effects on the incidences of hyperhydricity 

(Liu et al., 2017; Isah, 2019). Hyperhydricity occurs because of the passive diffusion of water into the tissues 

or an active phenomenon related to a disturbance in the metabolic process of the plant (Vasconcelos et al., 

2012). The constitution of the medium has a prominent role in relation to the growth patterns of cells and 

tissues, which can be modified according to the need of the culture and the requirement of the type of 

explant (Rodrigues, Penoni, Soares, & Pasqual, 2013). These complex factors directly result in the difficulty 

of prevention and control of hyperhydricity (Liu et al., 2017). 

Tavares et al., (2013) also reported a high frequency of death by oxidation of the Lippia alba explants 

when conducted in MS culture medium, and this was due to the sub-bush habit of the species. This had also 



Reduction of hyperidricity in Aloysia triphylla   Page 9 of 12 

Acta Scientiarum. Biological Sciences, v. 41, e47105, 2019 

been proven by Freitas et al. (2009), who observed oxidation of the explants of Aloysia virgata, another 

Verbenaceae.  

In in vitro multiplication of Zantedeschia aethiopica, when evaluating the culture medium MS plus 

different sucrose concentrations (0; 15; 30; 45 and 60 g L-1), Ribeiro, Pasqual, Silva, and Rodrigues (2008) 

observed superior results for fresh shoot mass when the plants were grown in media with 30 g L-1 of sucrose. 

Similar results were also observed by de Freitas, Nogueira, & Praxedes (2016); these authors cultivated 

Justicia pectoralis in MS medium and observed greater shoot lengths when compared to the WPM medium. 

The results of this research also demonstrated that plant lengths were higher when A. triphylla was 

maintained on MS medium when compared to WPM, although lengths did not differ significantly  

(Figure 1D). 

The number of nodes of A. triphylla was higher in the medium containing 15 g L-1 of sucrose. Mohamed 

and Alsadon (2010), when cultivating Solanum tuberosum, also observed that the reduction of the 

carbohydrate source to the culture medium favoured an increase in the number of nodes. These authors 

reported that the plants kept in media with 20 g L-1 of sucrose had high values of chlorophyll, which 

favoured an increase in the number of nodes. In addition, the reduction in sucrose levels added to the 

culture medium may be beneficial under large-scale in vitro propagation conditions, as it reduces production 

costs (Jeong & Sivanesan, 2018). 

In the present work, the superior results for the fresh mass of the plants when the cultures remained in 

MS medium, in fact, reflected in exaggerated accumulation of water in the vegetal cells, characterising the 

physiological disorder called hyperhydricity. This abnormal accumulation of water inside plant tissues and 

cells gives a characteristic translucent appearance to the plant (Vasconcelos et al., 2012), which can 

progress to the loss of tissue regeneration capacity (Barbosa et al., 2013). This physiological disorder can 

affect up to 60% of the micropropagated shoots (Palma et al., 2011), generating elongated and thick 

diameter buds and internodes shorter than normal as well as translucent, elongated and/or wrinkled, coiled, 

and brittle thick leaves (Figures 4-6). 

For species of the genus Prunus, Radmann, Bianchi, Souza, Fachinello, and Oliveira (2009) observed 

higher rates of hyperhydricity in explants maintained in MS medium when compared to WPM. These effects 

were related to the higher total nitrogen concentration (nitrate and ammonium forms) of MS medium when 

compared to WPM, (Nepomuceno, Fonseca, Silva, Oliveira, & Santana, 2014; Radmann et al., 2009), which 

increases the saline concentration of the medium, directly influencing the osmotic potential. Isah (2019) 

observed that Caladium bicolor explants were characterised by brownish-white, succulent and translucent 

appearance with fragile, leathery whitish-brown leaves that were shorter and smaller. These symptoms may 

result in numerous limitations to the survival of ex vitro cultures; reinforcing the need to adapt the 

conditions of in vitro culture in order to overcome this problem (Oliveira, Xavier, Lopes, Takahashi, & Otoni, 

2016). 

The concentration of agar in the culture medium is a decisive factor for the in vitro culture, because when 

considered at high levels, this reagent can affect the availability and diffusion of the other constituents. 

However, it can act as an osmoregulator (Lencina, Bisognin, Kielse, Pimentel, & Fleig, 2014), thus reducing 

water availability in the growing medium and helping to reduce the hyperhydricity of plants. Both the 

quality and the quantity of the agar must be considered, since these factors affect the physical and chemical 

characteristics of the culture medium and, consequently, the adequate development of the explants 

(Rezende, Pasqual, Carvalho, Pereira, & Villa Villa, 2008).  

WPM medium proves to be more efficient in the development of Coffea sp. than MS medium. Various 

formulations of culture media are being employed, but what differs between them is the concentration of 

salts in their composition, and some species may exhibit morphophysiological disorders, caused by in vitro 

culture conditions or due to the physiological conditions of the species. This makes the importance of the 

experimental determination of the nutrient medium for each type of explant, species or cultivar clear 

(Nepomuceno et al., 2014). Furthermore, there is no pre-defined specific culture media formulation for a 

particular genus, species, hybrid or clone, and the difficulty lies in finding successful results with the 

different combinations of the medium and culture conditions (Miyata, Villa, & Pasqual, 2014). 
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Conclusion 

The results allow us to conclude that the composition of the culture medium significantly interferes with 

the osmotic potential, which causes physiological disorders in plants, and thus compromises the in vitro 

regeneration of Aloysia triphylla. Thus, the WPM medium with concentrations of 15 g L-1 of sucrose and 12 

g L-1 of agar is recommended as the most suitable for the regeneration of plants, because it provides less 

occurrence of hyperhydricity and a higher percentage of acclimatization of plants, in addition to reducing 

costs with the in vitro propagation of A. triphylla. 

Acknowledgements 

The authors would like to thank the research funding agency CAPES (Coordenação de Aperfeiçoamento de 

Pessoal de Nível Superior) for the scholarships granted to the post-graduate students participating in the 

study, and CNPq (Conselho Nacional de Desenvolvimento Científico e Tecnológico) for the granting of 

fellowships for scientific initiation of undergraduate students. 

References 

Bahramsoltani, R., Rostamiasrabadi, P., Shahpiri, Z., Marques, A. M., Rahimi, R., & Farzaei, M. H. (2018). 

Aloysia citrodora Paláu (Lemon verbena): a review of phytochemistry and pharmacology. Journal of 

Ethnopharmacology, 222, 34-51. doi: 10.1016/j.jep.2018.04.021 

Barbosa, L. M. P., Paiva Neto, V. B., Dias, L. L. C., Festucci-Bucelli, R. A., Alexandre, R. S., Iarema, L., 

…Otoni, W. C. (2013). Biochemical and morpho-anatomical analyses of strawberry vitroplants 

hyperhydric tissues affected by BA and gelling agents. Revista Ceres, 60(2), 152-160. doi: 10.1590/S0034-

737X2013000200002 

Correia, D., Gonçalves, A. N., Couto, H. T. Z., Ribeiro, M. C. (1995). Efeito do meio de cultura líquido e sólido 

no crescimento e desenvolvimento de gemas de Eucalyptus grandis × Eucalyptus urophylla na 

multiplicação in vitro. Instituto de Pesquisas e Estudos Florestais, 48, 107-116. 

Freitas, R. M. O., Oliveira, M. K. T., Dombroski, J. L. D., Câmara, F. A. A., & Silva Neto, R. V. (2009). Efeito 

dos tratamentos de oxidação em Aloysia virgata. Revista Caatinga, 22(1), 176-179. 

Ferreira, D. F. (2011). Sisvar: a computer statistical analysis system. Ciência e Agrotecnologia, 35(6), 1039-

1042. doi: 10.1590/S1413-70542011000600001 

Freitas, R. M. O., Nogueira, N. W., & Praxedes, S. C. (2016). Multiplicação de anador (Justicia pectoralis) in 

vitro. Revista Verde de Agroecologia e Desenvolvimento Sustentável, 11(3), 159-163. doi: 

10.18378/rvads.v11i3.3986 

Gomes, P. A., Souza, M. F. d., Souza Júnior, I. T. d., Carvalho Junior, W. G. O., Figueiredo, L. S. d., & Martins, 

E. R. (2009). Influência do sombreamento na produção de biomassa, óleo essencial e quantidade de 

tricomas glandulares em cidrão (Lippia citriodora Lam.). Biotemas, 22(4), 9-14. doi: 10.5007/2175-

7925.2009v22n4p9 

Isah, T. (2019). Changes in the biochemical parameters of albino, hyperhydric and normal green leaves of 

Caladium bicolor cv. “Bleeding hearts” in vitro long-term cultures. Journal of Photochemistry and 

Photobiology B: Biology, 191, 88-98. doi:  10.1016/j.jphotobiol.2018.12.017 

Jeong, B. R., & Sivanesan, I. (2018). Impact of light quality and sucrose on adventitious shoot regeneration 

and bioactive compound accumulation in Ajuga multiflora Bunge. Scientia Horticulturae, 236, 222-228. 

doi: 10.1016/j.scienta.2018.03.056 

Jimenez-Ferrer, E., Santillán-Urquiza, M. A., Alegría-Herrera, E., Zamilpa, A., Noguerón-Merino, C., 

Tortoriello, J., ... & Herrera-Ruiz, M. (2017). Anxiolytic effect of fatty acids and terpenes fraction from 

Aloysia triphylla: serotoninergic, GABAergic and glutamatergic implications. Biomedicine & 

Pharmacotherapy, 96, 320-327. doi: 10.1016/j.biopha.2017.10.024 

Junior, G. B., Abreu, M. S., Rosa, J. G. S., Pinheiro, C. G., Heinzmann, B. M., Caron, B. O., … & Barcellos, L. J. 

G. (2018). Lippia alba and Aloysia triphylla essential oils are anxiolytic without inducing aversiveness in 

fish. Aquaculture, 482, 49-56. doi: 10.1016/j.aquaculture.2017.09.023 



Reduction of hyperidricity in Aloysia triphylla   Page 11 of 12 

Acta Scientiarum. Biological Sciences, v. 41, e47105, 2019 

Lencina, K. H., Bisognin, D. A., Kielse, P., Pimentel, N., & Fleig, F. D. (2014). Estabelecimento e crescimento 

in vitro de plantas de grápia. Ciência Rural, 44(6), 1025-1030. doi: 10.1590/S0103-84782014000600012 

Liu, M., Jiang, F., Kong, X., Tian, J., Wu, Z., & Wu, Z. (2017). Effects of multiple factors on hyperhydricity of 

Allium sativum L. Scientia Horticulturae, 217, 285-296. doi: 10.1016/j.scienta.2017.02.010 

Lloyd, G., & McCown, B. (1980). Commercially-feasible micropropagation of mountain laurel, Kalmia 

latifolia, by use of shoot-tip culture. Combined Proceedings - International Plant Propagators’ Society 

(USA), 30, 421-427. 

Miyata, L. Y., Villa, F., & Pasqual, M. (2014). Meios de cultura utilizados na micropropagação de híbridos de 

orquídeas. Semina: Ciências Agrárias, 35(4), 1731-1738. doi: 10.5433/1679-0359.2014v35n4p1731 

Mohamed, M. A.-H., & Alsadon, A. A. (2010). Influence of ventilation and sucrose on growth and leaf 

anatomy of micropropagated potato plantlets. Scientia Horticulturae, 123(3), 295-300. doi: 

10.1016/j.scienta.2009.09.014 

Murashige, T., & Skoog, F. (1962). A revised medium for rapid growth and bio assays with tobacco tissue 

cultures. Physiologia Plantarum, 15(3), 473-497. doi: 10.1111/j.1399-3054.1962.tb08052.x 

Nepomuceno, C. F., Fonseca, P. T., Silva, T. S., Oliveira, L. M., & Santana, J. R. F. (2014). Germinação in vitro 

de Hyptis leucocephala Mart. ex Benth. and Hyptis platanifolia Mart. ex Benth. Revista Brasileira de Plantas 

Medicinais, 16(4), 886-895. doi: 10.1590/1983-084X/12_093 

Oliveira, L. S., Xavier, A., Lopes, A. P., Takahashi, E. K.; & Otoni, W. C. (2016). Multiplicação e alongamento 

in vitro de clones híbridos de Eucalyptus globulus. Ciência Florestal, 26(1), 235-247. doi: 

10.5902/198050982524 

Palma, D., Schuelter, A. R., Stefanello, S., & Fortes, A. M. T. (2011). Aspectos morfofisiológicos e controle da 

hiperhidricidade na cultura de tecidos vegetais. Revista Brasileira de Agrociência, 17(2), 174-184. doi: 

10.18539/CAST.V17I2.2047 

Paulus, D., Valmorbida, R., Toffoli, E., Nava, G. A., & Paulus, E. (2013). Teor e composição química do óleo 

essencial e crescimento vegetativo de Aloysia triphylla em diferentes espaçamentos e épocas de colheita. 

Revista Ceres, 60(3), 372-379. doi: 10.1590/S0034-737X2013000300010 

Paulus, D., Valmorbida, R., Toffoli, E., & Paulus, E. (2014). Propagação vegetativa de Aloysia triphylla 

(L’Hér.) Britton em função da concentração de AIB e do comprimento das estacas. Revista Brasileira de 

Plantas Medicinais, 16(1), 25-31. doi: 10.1590/S1516-05722014000100004 

Radmann, E. B., Bianchi, V. J., Souza, T. M., Fachinello, J. C., & Oliveira, R. P. d. (2009). Influência da 

composição do meio de cultivo e do tipo de explante na micropropagação do porta-enxerto de Prunus SP. 

‘GXN-9’. Scientia Agraria, 10(2), 95-101. doi: 10.5380/rsa.v10i2.13573 

Raut, J. S., & Karuppayil, S. M. (2014). A status review on the medicinal properties of essential oils. 

Industrial Crops and Products, 62, 250-264. doi: 10.1016/j.indcrop.2014.05.055 

Rezende, J. C., Pasqual, M., Carvalho, S. P., Pereira, A. R., & Villa Villa, F. (2008). Influência do meio de 

cultura e concentração de ágar no crescimento e desenvolvimento de plântulas de café oriundas da 

embriogênese somática direta. Scientia Agraria, 9(1), 21-26. doi: 10.5380/rsa.v9i1.9900 

Ribeiro, M. N. O., Pasqual, M., Silva, A. B., & Rodrigues, V. A. (2008). Diferentes concentrações de sais do 

meio MS e de sacarose na multiplicação in vitro de Zantedeschia aethiopica L. Spreng. (copo-de-leite). 

Revista Ciência Agronômica, 39(1), 101-106. 

Rodrigues, F. A., Penoni, E. S., Soares, J. D. R., & Pasqual, M. (2013). Diferentes concentrações de sais do 

meio MS e BAP na multiplicação in vitro de Physalis peruviana L. Bioscience Journal, 29(1), 77-82. 

Rojas, J., Palacios, O., & Ronceros, S. (2012). Efecto del aceite esencial de Aloysia triphylla britton (cedrón) 

sobre el Trypanosoma cruzi en ratones. Revista Peruana de Medicina Experimental y Salud Pública, 29(1), 

61-68. doi: 10.17843/rpmesp.2012.291.309 

Schmidt, D., Caron, B. O., Schwerz, L., Manfron, P. A., Elli, E. F., & Schwerz, F. (2017). Physiological 

response of cidró to different water replacement levels in two seasons of the year. Horticultura Brasileira, 

35(2), 203-209. doi: 10.1590/s0102-053620170208 

Souza, R. C., Costa, M. M., Baldisserotto, B., Heinzmann, B. M., Schmidt, D., Caron, B. O., & Copatti, C. E. 

(2017). Antimicrobial and synergistic activity of essential oils of Aloysia triphylla and Lippia alba against 

Aeromonas spp. Microbial Pathogenesis, 113, 29-33. doi: 10.1016/j.micpath.2017.10.013 



Page 12 of 12   Pinheiro et al. 

Acta Scientiarum. Biological Sciences, v. 41, e47105, 2019 

Tavares, E. S., Leitão, S. G., Reinert, F., & Lage, C. L. S. (2005). Micropropagação de quimiotipos de Lippia 

alba Mill. N. E. Br produtores de citral, carvona e linalol. Revista Fitos, 1(1), 67-73. 

Vasconcelos, A. G. V., Tomas, L. F., Camara, T. R., & Willadino, L. (2012). Hiperidricidade: uma desordem 

metabólica. Ciência Rural, 42(5), 837-844. doi:  10.1590/S0103-84782012000500013 

Zeppenfeld, C. C., Toni, C., Becker, A. G., Miron, D. S., Parodi, T. V., Heinzmann, B. M., ... & Baldisserotto, 

B. (2014). Physiological and biochemical responses of silver catfish, Rhamdia quelen, after transport in 

water with essential oil of Aloysia triphylla (L'Herit) Britton. Aquaculture, 418-419, 101-107. doi:  

10.1016/j.aquaculture.2013.10.013 


