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Abstract  

The aim of this study was to check the use of the following gelling agents: the xanthan gum “Adicel®” and the 

stabilizer “Super Liga Neutra®” to replace agar in the in vitro rooting phase of Gerbera hybrida cv. Essandre. 

Additionally, the possibility of using chemical sterilization of both culture media and glassware with sodium 

hypochlorite to replace autoclaving was analyzed. The gelling agents, xanthan gum “Adicel®” and the stabilizer 

“Super Liga Neutra®” were tested at the following concentrations (g L-1): 7; 9; 11; 13; 15; 17; 19; and 21. No 

concentrations of Super Liga Neutra® provided effective solidification. Concentrations of 17 and 21 g of Adicel® 

provided a good gelling of the culture medium, which was compared to the medium containing agar (control) with 

two types of sterilization: autoclaving (for 20 and 40 minutes) and chemical sterilization. Autoclaving for 20 minutes 

did not provide effective elimination of contamination in the culture medium containing xanthan gum; this only 

occurred when autoclaving time increased to 40 minutes. Plant development in culture media containing 17 and 21 g 

of xanthan gum, either sterilized by autoclaving for 40 minutes or at a concentration of 17 g xanthan gum using 

sodium hypochlorite, was statistically the same as the control that contained agar. However, plant development at a 

concentration of 21g of xanthan gum in a sterilized medium using sodium hypochlorite was lower than that observed 

in media containing agar. 

Keywords: Culture media; Cost reduction; Micropropagation; Replacing reagents for analysis. 
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Resumo 

O objetivo desta pesquisa foi verificar a utilização dos agentes geleificantes goma xantana e liga neutra, em 

substituição ao ágar, na fase de enraizamento in vitro, de Gerbera hybrida cv. Essandre. Também foi avaliada a 

possibilidade de se utilizar a esterilização química do meio de cultura e vidrarias com hipoclorito de sódio, em 

substituição à autoclavagem. Os agentes geleificantes goma xantana e liga neutra foram testados nas concentrações (g 

L-1): 7; 9; 11; 13; 15; 17; 19; 21. A liga neutra não foi eficiente na solidificação em nenhuma das concentrações 

testadas. As concentrações de 17 e 21 g de goma xantana proporcionaram boa geleificação do meio de cultura que foi 

avaliado em comparação com o meio contendo ágar (controle) em dois tipos de esterilização: autoclavagem (por 20 e 

40 minutos) e esterilização química. A autoclavagem por 20 minutos não foi eficiente na eliminação da contaminação 

no meio de cultura contendo goma xantana o que só ocorreu quando o tempo de autoclavagem aumentou para 40 

minutos. O desenvolvimento das plantas em meios de cultura contendo 17 e 21 g de goma xantana, esterilizado por 

autoclavagem durante 40 minutos, e na concentração de 17 g de goma xantana esterilizado com hipoclorito de sódio, 

foi estatisticamente igual ao observado no controle contendo ágar. Entretanto, o desenvolvimento das plantas na 

concentração de 21g de goma xantana em meio esterilizado com hipoclorito de sódio foi inferior àquele observado 

nos meios contendo ágar.  

Palavras-chave: Meio de cultura; Redução de custos; Micropropagação; Substituição de reagentes PA. 

 

Resumen 

El objetivo de esta investigación fue utilizar agentes gelificantes goma xantano y liga neutra, en sustitución del agar, 

en la fase de enraizamiento in vitro de Gerbera hybrida cv. Essandre. Se evaluó la esterilización química del medio de 

cultivo con hipoclorito de sodio, en lugar de autoclave. Los agentes gelificantes goma xantano y liga neutra se 

ensayaron a concentraciones (g L-1): 7; 9; 11; 13; 15; 17; 19; 21. La liga neutra no fue eficaz para solidificar en 

ninguna de las concentraciones. Las concentraciones de 17 y 21 g de goma xantana proporcionaron una buena 

gelificación del medio de cultivo, el cual se evaluó en comparación con el medio que contiene agar (control) en dos 

tipos de esterilización: autoclave (durante 20 y 40 minutos) y esterilización química. La esterilización en autoclave 

durante 20 minutos no fue eficaz para eliminar la contaminación en el medio de cultivo que contenía goma xantana, lo 

que solo ocurrió cuando el tiempo de esterilización en autoclave aumentó a 40 minutos. El crecimiento de las plantas 

en medios de cultivo que contenían 17 y 21 g de goma xantana, esterilizados en autoclave durante 40 minutos, y en 

una concentración de 17 g de goma xantana esterilizada con hipoclorito de sodio, fue estadísticamente igual al 

observado en el control que contenía agar. Sin embargo, el desarrollo de la planta a una concentración de 21 g de 

goma xantana en un medio esterilizado con hipoclorito de sodio fue menor que el observado en un medio que contenía 

agar. 

Palabras clave: Medio de cultivo; Reducción de costos; Micropropagación; Reemplazo de reactivo PA. 

 

1. Introduction 

Gerbera (Gerbera jamesonii Adlam), a species that belongs to the Asteraceae family, is marketed as a potted plant 

as well as a cut flower and stands out economically in agribusiness of national and international floriculture. Gerberas might be 

propagated by seeds, clump division, and micropropagation (Deng et al., 2018; Tripathi et al., 2021). Although gerbera 

cultivation in the northeastern region of Brazil is still emerging, it can be an alternative to crop diversification (de Oliveira 

Silva et al., 2020) 

In commercial production, micropropagation enables the large-scale production of gerbera seedlings with limited 

space, and it allows obtaining uniform plants, which are free of pests and diseases (Gautam et al., 2021). However, 

micropropagated seedlings are more costly than traditional seedlings due to the cost of the reagents and equipment used to 

produce them. Owing to the economic importance of gerbera and micropropagation in the production of quality seedlings, new 

alternatives to reduce the costs of in vitro seedling production have been analyzed, aiming to render this propagation method 

more affordable.  

Regarding cost reduction in tissue cultures, the replacement of costly reagents such as agar considered one of the 

most expensive chemical components used in culture media (Phillips & Garda, 2019; Dhawale et al., 2021) has been addressed 

in several studies (Conceição et al., 2021). Agar is the most frequently gelling component used as it has characteristics that 

provide good support for explants, e.g., stability, high clarity, its non-toxic nature, and resistance to culture metabolites 

(Dhawale et al., 2021). When choosing low-cost agents to replace agar, the use of starch from cassava, barley, corn, potato, 
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rice, and wheat or plant-based gums has shown to be effective in medium gelling, which is associated with good plant 

development (Espinosa-Leal et al., 2018; Naik et al., 2020).  

The xanthan gum “Adicel®” and the stabilizer “Super Liga Neutra®” are two gelling agents that are commonly 

used in the food, agricultural, pharmaceutical, and oil industries (Costa et al., 2019). Xanthan gum is a polysaccharide 

produced by bacterial species of the genus Xanthomonas (Ferraz et al., 2021) which are capable of forming viscous solutions 

and hydrosoluble gels with unique rheological properties (de Castro, 2019). Super Liga Neutra® is commonly used to 

manufacture ice creams, as it provides better emulsification and consistency (Almeida et al., 2016). 

The use of autoclaving for the sterilization of culture media, glassware, and utensils used in micropropagation is 

another factor that helps increase costs, due to electric energy consumption and equipment maTntenance expenses, along with 

the fact that it requires more work hours (Pais et al., 2016; Cardoso et al., 2018; da Costa Urtiga, 2019: Lu et al., 2021). 

Several studies have proven the efficacy of sodium hypochlorite (NaClO) as an alternative to replace autoclaving in the 

micropropagation of several plant species so far, as it is a product with biocidal activity, low cost, and easy to acquire (Pais et 

al., 2016; Cardoso & Imthurn, 2018; Siekierzyńska & Litwińczuk, 2018). 

 Therefore, the use of alternative substances other than agar along with the chemical sterilization of culture media 

and glassware might lead to benefits such as increased speed, higher efficacy, and reduced costs in in vitro plant propagation. 

Therefore, the present study aimed to evaluate gelling agents such as xanthan gum “Adicel®” and the stabilizer “Super Liga 

Neutra®” in culture media as well as chemical sterilization of culture media and glassware using sodium hypochlorite in the in 

vitro rooting phase of Gerbera hybrida cv. Essandre. 

 

2. Methodology 

The experiments described below were conducted in Laboratório de Biotecnologia of Departamento de Tecnologia e 

Ciências Sociais of Universidade do Estado da Bahia, DTCS Campus III- UNEB, in Juazeiro-BA. 

 

2.1 Preparation of gelling agents  

The gelling potential of the xanthan gum Adicel® and the stabilizer Super Liga Neutra® was evaluated to determine 

which amount would solidify the culture medium. The following concentrations of Adicel® and Super Liga Neutra® were 

tested: 7g L-1; 9g L-1; 11g L-1; 13g L-1; 15g L-1; 17g L-1; 19g L-1; and 21g L-1. The agents were mixed and homogenized in 1000 

mL of deionized, distilled, and autoclaved water. The pH was adjusted to 5.7 ± 1, and subsequently, 20 mL of the solution 

were distributed in glass flasks with capacity for 250 mL, which were sealed and maintained in a dark room. After 48 hours, 

evaluations were performed to compare the gelling capacity of Adicel® and Super Liga Neutra® to the medium with 7g L-1 of 

agar of the commercial brand “ÁgarGel” (control).  

Once the concentration and gelling agent were defined as ideal for culture medium solidification, the second stage of 

the study started, in which three experiments were performed to evaluate plant development in the culture medium with the 

alternative gelling agent. Different concentrations of alternative gelling agents were tested against agar (control) and two 

sterilization methods were tested (thermal sterilization by autoclaving and chemical sterilization using sodium hypochlorite). 

Experiment I consisted of evaluating different concentrations of the gelling agent in media sterilized by autoclaving 

(121 ºC, 1.1 kg cm-2 of pressure) for 20 minutes.  The following treatments were performed: T1: autoclaved control, solidified 

with 7g L-1 of agar; T2: culture medium solidified with 17g L-1 of xanthan gum; and T3: culture medium solidified with 21g L-1 

of xanthan gum.  
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Experiment II was like an experiment I, evaluating different concentrations of gelling agents in media sterilized by 

autoclaving (121 ºC, 1.1 kg cm-2 of pressure); however, it used a period of autoclaving of 40 minutes. The following treatments 

were performed: T1: autoclaved control, solidified with 7g L-1 of agar; T2: culture medium solidified with 17g L-1 of xanthan 

gum; and T3: culture medium solidified with 21g L-1 of xanthan gum.  

Experiment III consisted of evaluating different concentrations of the gelling agents in media sterilized with sodium 

hypochlorite, following the protocol developed by Teixeira et al. (2006). The following treatments were performed: T1: 

autoclaved control for 20 minutes, solidified with 7g L-1 of agar. T2: culture medium solidified with 17g L-1 of xanthan gum; 

and T3: culture medium solidified with 21g L-1 of xanthan gum.  

In all experiments mentioned above, the gelling agents were homogenized in a blender with 200 mL of distilled, 

deionized, and autoclaved water (for experiments I and II) and in distilled and deionized water containing 0.0005% of sodium 

hypochlorite (for experiment III), and then placed in a microwave until their dissolution. 

The medium used for plant rooting in all experiments was comprised of inorganic MS salts (Murashige & Skoog, 

1962), White’s vitamins (White, 1943), 30g L-1 sucrose, 100 mg L-1 inositol, and had pH adjusted to 5.7 ±1. After preparation, 

the culture medium was taken to the laminar flow cabinet and 20 mL were poured into glass flasks with a capacity of 250 mL. 

In the end, the flasks were sealed and placed in a growth room. 

 

2.2 Plant culture 

Gerbera hybrida cv. Essandre explants with three leaves derived from the stock culture were inserted in the culture 

medium 24 hours after preparation, and after that, placed in a growth room at a temperature of 25 + 2 ºC, 16 hours of 

photoperiod, and radiance of 19 mol.m-2.s-1 for a period of 40 days.  

 

2.3 Experimental design   

The experiments were conducted in a completely randomized design, with three treatments, eight replicates, and plot 

consisting of a flask with one plant. All experiment was repeated twice. At the end of the in vitro rooting of all the 

experiments, percentage of survival, mean number of leaves, mean number of roots, mean plant length, mean plant biomass, 

mean biomass of aerial part, and mean root mass were evaluated. Count data were transformed into ( ) and mean 

values were compared using Tukey's test at 5% of error probability, using the statistical program Sisvar (Ferreira, 2008). 

 

3. Results and Discussion 

3.1 Gelling agents used in thermal sterilization 

None of the concentrations of the stabilizer “Super Liga Neutra®” evaluated was effective in culture medium 

gelling agents. In addition, lumps that were difficult to dissolve were formed, which provided the medium with an uneven 

appearance; therefore, no experiments were performed with this agent. The xanthan gum “Adicel®” was an effective culture 

medium solidifying agent at concentrations of 17 and 21g L-1, and both were evaluated in the experiments. The medium was 

visually transparent and homogeneous. 

In the culture medium containing xanthan gum and autoclaved for 20 minutes, there was 100% contamination after 

24 hours, thus hampering explant development. When the medium was autoclaved for 40 minutes, the percentage of explant 

survival after 40 days of in vitro cultivation was 100% in all treatments.  

http://dx.doi.org/10.33448/rsd-v10i4.25143
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No significant differences were observed between the gelling agents’ agar and xanthan gum at both concentrations, 

17 and 21g, regarding all variables analyzed (mean number of leaves, mean number of roots, mean plant length, mean plant 

biomass, and mean mass of root and aerial parts) (Table 1). 

 

Table 1- Mean number of leaves (MNL), mean number of roots (MNR), mean plant length (MPL), mean plant biomass 

(MPB), mean biomass of aerial part (MBAP), mean root biomass (MRB) of Gerbera hybrida cv. Essandre, maintained for 40 

days in an in vitro rooting medium, according to gelling agent, in a medium sterilized by autoclaving for 40 minutes.  

Gelling agents’ 

concentrations 
MNL MNR MPL (mm) MPB (g) MBAP (g) MRB (g) 

Agar 7g 3.33a 1.81a 91.75a 0.68a 0.46a 0.19a 

17g xanthan gum 3.22a 1.74a 85.32a 0.65a 0.46a 0.16a 

21g xantham gum 3.02a 1.57a 79.27a 0.61a 0.45a 0.13a 

Mean value 3.19 1.70 85.44 0.64 0.46 0.16 

CV% 15.06 19.60 31.50 45.31 47.70 57.53 

Means followed by the same letters in the column did not differ from each other, according to Tukey's tests, at 5% of significance.  

Source:   Authors (2022). 
 

Hegele et al (2021) checked the possibility of total or partial replacement of agar by 17 alternative gelling agents in 

nutritious media sterilized by autoclaving for the cultivation of two Africa plantain cultivars, which results showed that media 

with mung bean could be used as a single substitute for expensive gelling agents such as agar, with a cost reduction by more than 

80%. Although our results did not show an increase in growth plants variables when subjected to different gelling agents 

autoclaved for 40 min, on the contrary, studies evidenced that the type of gelling agent used can influence tissues’ growth in 

vitro (Raina, 2017). According to Ozel et al (2018) studies showed that tragacanth gum offered positive effects on growth of 

Nicotiana tabacum cv. Samsun Canik plants. Some reports suggest that gelling agents used in tissue culture to solidify medium 

can contain many mineral nutrients that affect plant growth (Al-Mayahi & Ali, 2021). Soares et al (2014) who studied in vitro 

cultivation of Dendrobium nobile Lindl., reported that replacing 50% of agar for maize starch provided higher plant growth in 

culture media sterilized by autoclaving. Studies conducted with pure maize starch or cassava starch combined with agar in 

culture media sterilized by autoclaving showed that they were effective in culture media solidifying agents in the in vitro rooting 

of ‘Gold’ pineapples (Oliveira et al., 2015). Vieira (2018) analyzed the hydrogel to replace agar in vitro showing potential to be 

used in the in vitro cultivation of A. thaliana.  

Culture media autoclaved for 40 minutes had a dark coloration, most likely due to sucrose degradation. 

Additionally, 40 minutes is a very long period for culture medium and glassware sterilization, and what is more, it generates 

surplus expenses related to electric energy consumption. Therefore, this is not a feasible option to be adopted in seedling 

production via tissue culture. 

3.2 Gelling agents used in chemical sterilization 

Aside from analyzing the replacement of reagents for analysis by lower-cost options to reduce final seedling cost, 

the present study analyzed the efficacy of sterilization using sodium hypochlorite, as it has been reported to be effective in the 

http://dx.doi.org/10.33448/rsd-v10i4.25143
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chemical sterilization of nutritious media instead of thermal sterilization by autoclaving (Pais et al., 2016; Cardoso & Imthurn, 

2018; Conceição et al., 2021). Along with its efficacy, chemical sterilization has also proved to be cost-effective compared to 

autoclaving, as it represents the easiest and most viable technique for microbial decontamination (RESENDE et al., 2021).  

Regarding the evaluation of plants developed in culture media gelled with 17g of xanthan gum and sterilized with 

sodium hypochlorite, the percentage of explant survival was 100%, and there was no significant difference in all variables 

analyzed (Table 2) regarding plants cultivated in the medium gelled with 7g of agar and sterilized by autoclaving. Conceição et 

al (2021) managed the reduction of costs in the micropropagation using chemical sterilization of the culture medium with 

sodium hypochlorite and the replacement of agar with corn starch with positive results in the plant stages of establishment, 

multiplication, and rooting of cherry tomato.  

The use of NaOCl sterilization of culture medium is also related to incomplete sterilization and/or phytotoxicity for 

plantlet cultivation reducing its efficiency on micropropagation (Vargas et al., 2016), but our results corroborate with data 

obtained by other authors, who observe that chemically sterilized tissue culture proved to be effective in the micropropagation 

with any signals of phytotoxicity (Pais et al., 2016; Cardoso & Imthurn, 2018). However, when 21 g of xanthan gum were 

added to the medium sterilized with sodium hypochlorite, explant responses regarding most variables analyzed were 

significantly lower than those of the control treatment. Thus, this concentration had a negative effect on explant development, 

likely due to an interaction of hypochlorite with increased xanthan gum concentration. Therefore, the treatment gelled with 17g 

and sterilized with sodium hypochlorite can be used in the in vitro rooting of Gerbera hybrida cv. Essandre, as it provided the 

same results as the control treatment. 

  

Table 2- Mean number of leaves (MNL), mean number of roots (MNR), mean plant length (MPL), mean plant biomass 

(MPB), mean biomass of aerial part (MBAP), mean root biomass (MRB) of Gerbera hybrida cv. Essandre explants, 

maintained for 40 days in an in vitro rooting medium, according to gelling agent, sterilized with sodium hypochlorite (NaClO).  

 

Gelling agents’ 

concentrations 
MNL MNR MPL (mm) MPB (g) MBAP (g) MRB (g) 

Agar 7g 3.75a 1.75a 106.41a 0.68a 0.52a 0.15a 

17g xanthan gum 3.21a   1.68ab 105.74a 0.62a 0.45a 0.13ab 

21g xantham gum 2.41b 1.29b 39.81b 0.29b 0.23b 0.05b 

Mean value 3.12 1.57 83.98 0.53 0.40 0.11 

CV% 17.41 20.20 33.79 41.13 39.26 59.25 

Means followed by the same letters in the column did not differ from each other, according to Tukey's tests, at 5% of significance.  

Source:   Authors (2022). 

 

4. Conclusions 

Thermal sterilization by autoclaving for 40 minutes provides effective sterilization of culture media containing 

xanthan gum but autoclaving for 20 minutes does not perform efficiently in the same conditions. However, chemical 

sterilization with sodium hypochlorite can be used in culture media for Gerbera hybrida cv. Essandre rooting instead of 

thermal sterilization. Regarding stabilizers, it is possible to use the xanthan gum “Adicel®” as an alternative culture medium 
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gelling agent instead of agar for Gerbera hybrida cv. Essandre rooting. The stabilizer “Super Liga Neutra®” is not effective as 

a gelling agent due to low geleificant capabilities. The concentration of 17 grams of xanthan gum per liter of culture medium 

promotes a satisfactory growth of Gerbera hybrida cv. Essandre during its in vitro rooting phase. These results indicate that 

further investigations are necessary to identify suitable alternative gelling agents from various sources to reduce high costs in 

plant cell culture. 

  

Acknowledgments 

The authors wish to thank FAPESB for the Brenda Lima Ribeiro scholarship granted. 

 

References 

Al-Mayahi, A. M. W. & Ali, A. H. (2021). Effects of different types of gelling agents on in vitro organogenesis and some physicochemical properties of date 

palm buds, Showathy cv. Folia Oecologica, 48(1), 110-117. DOI: 10.2478/foecol-2021-0012 
 

Almeida, A. B. S., Ferreira, M. A. C., Barbosa, T. A., Siqueira, A. P. S. & De Souza, E. R. B. (2016) Elaboração e avaliação sensorial de sorvete diet e sem 

lactose de mangaba endêmica do Cerrado. Revista de Agricultura Neotropical, 3 (3), 38-41. https://doi.org/10.32404/rean.v3i3.1206 
 

Cardoso, J. C. & Imthurn, A. C. P. (2018). Easy and efficient chemical sterilization of the culture medium for in vitro growth of gerbera using chlorine dioxide 

(ClO2). Ornamental Horticulture, 24: 218-224. DOI: http://dx.doi.org/10.14295/oh.v24i3.1222 
 

Cardoso, J. C., Gerald, L. T. S. & Silva J. A. T. (2018). Micropropagation in the twenty-first century. In: Loyola-Vargas VM, Ochoa-Alejo N (eds) Plant cell 

culture protocols. Methods in molecular biology. New York: Humana Press, pp 17–46. https://doi. org/10.1007/978-1-4939-8594-4 
 

Conceição, I. S. C., Carmo, L. P., & Lima-Brito, A. (2021). Cost reduction in the micropropagation of Solanum lycopersicum L. var. cerasiforme. 

In Colloquium Agrariae. 17(3), 12-20. DOI: 10.5747/ca 2021.v17.n3.a435 
 

Costa, S. N. O., Pinho, A. S., & Santos, E. D. A. (2019). Caracterização física, química e biológica da goma xantana comercial. Revista de Engenharias da 

Faculdade Salesiana, (10), 25-30. http://www.fsma.edu.br/RESA/Edicao10/FSMA_RESA_2019_2_05.pdf 
 

da Costa Urtiga, C., de Araújo Silva-Cardoso, I. M. & Araujo Figueiredo, S. (2019). Low sodium isocyanurate concentrations as a substitute to medium 

autoclaving in plant tissue culture. Plant Cell Tiss Organ Cult, 139 (3), 601–604. https://doi.org/10.1007/s11240-019-01681-9 

 

de Castro, L. D. (2018). Estudo comparativo para a produção de goma xantana. Trabalho de Conclusão de Curso. Curso de Engenharia Química, 

Universidade Regional do Noroeste do Estado do Rio Grande do Sul – UNIJUÍ, Ijuí. http://bibliodigital.unijui.edu.br:8080/xmlui/handle/123456789/5908 
 

de Oliveira Silva, D., Marinho, L. B., de Souza, J. C., da Silva Felisberto, T., Aragão, C. A., Deon, M. D. I., & Leal, L. D. S. G. (2020). Produção de Gerbera 
jamesonii no Submédio do Vale do São Francisco. Research, Society and Development, 9(8), e609985770-e609985770. DOI: http://dx.doi.org/10.33448/rsd-

v9i8.5770 

 
Deng, Z. & Bhattarai, K. (2018). Gérbera. In. Huylenbroeck, J. V. (Ed.). Handbook of plant breeding. Belgium: Springers Internacional Publishing. p.407-435. 

 

Dhawale, R. N., Patwari, L. V., Sharma, K. M. & Bharose, A. A. (2021). Admixture of Isubgol Husk together with agar as gelling agent for sugarcane callus 
induction. The Pharma Innovation Journal, 10 (8), 675-680. https://www.thepharmajournal.com/archives/2021/vol10issue8/PartJ/10-8-86-582.pdf 

 

Espinosa-Leal, C. A., Puente-Garza, C. A. & García-Lara, S. (2018). In vitro plant tissue culture means for production of biological active 
compounds. Planta, 248 (1), 1-18. https://doi.org/10.1007/s00425-018-2910-1 

 

Ferraz, F. S., Rodrigues, A. C. A. B., de Abreu, D. J. M., de Souza, R. V., de Almeida, A. F., & do Santos, C. C. A. (2021). Produção de goma xantana por 
cepa selvagem de Xanthomonas spp. usando soro de leite como substrato na fermentação. Scientia Plena, 17(8). 

https://doi.org/10.14808/sci.plena.2021.081514 

 
Ferreira, D. F. (2008). SISVAR: um programa para análises e ensino de estatística. Revista Symposium, 6 (2), 36-41. 

https://des.ufla.br/~danielff/meusarquivospdf/art63.pdf 

 
Gautam, K. K., Kumar, S., & Raj, S. K. (2021). Current Status of Viral and Phytoplasma Diseases Affecting Gerbera Cultivation and Their Management. Acta 

Phytopathologica et Entomologica Hungarica, 55 (2), 133-150. https://doi.org/10.1556/038.55.2020.019 

 
Hegele, S., Hegele, M., & Wünsche, J. N. (2021). Low-cost gelling agents for tissue culture propagation of plantain. In IV International Symposium on 

Horticulture in Europe-SHE2021 1327: 341-348. 10.17660/ActaHortic.2021.1327.46 

 
Lu, Y., Huang, L., Wang, H. & Shahid, M. Q. (2021). Acacia mangium × A. auriculiformis micropropagation in a non-sterile environment. Research Square 2-

21. https://doi.org/10.21203/rs.3.rs-690162/v1 

 
Murashige, T. & Skoog, F. (1962). A revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiologia Plantarum, 15 (3), 473-497. 

https://doi.org/10.1111/j.1399-3054.1962.tb08052.x 

 
Naik, R., Bhushan, A., Gupta, R. K., Walia, A., & Gaur, A. (2020). Low-cost tissue culture technologies in vegetables: a review. International Journal of 

Biochemistry Research & Review, 29 (9), 66-78. DOI: 10.9734/IJBCRR/2020/v29i930226 

 

http://dx.doi.org/10.33448/rsd-v10i4.25143
http://www.fsma.edu.br/RESA/Edicao10/FSMA_RESA_2019_2_05.pdf
http://dx.doi.org/10.33448/rsd-v9i8.5770
http://dx.doi.org/10.33448/rsd-v9i8.5770
https://doi.org/10.1007/s00425-018-2910-1
https://doi.org/10.14808/sci.plena.2021.081514
https://des.ufla.br/~danielff/meusarquivospdf/art63.pdf
https://doi.org/10.1556/038.55.2020.019
https://doi.org/10.17660/ActaHortic.2021.1327.46
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x


Research, Society and Development, v. 10, n. 4, e4811425143, 2022 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i4.25143 
 

 

8 

Oliveira, R. D. S., Pereira, M. R., Carvalho, V. S., Lucas, E. F. & Gravina, G. A. (2015). Amido e hipoclorito de sódio no enraizamento in vitro do 

abacaxizeiro ‘gold’ e seus efeitos na aclimatização. Revista Brasileira de Fruticultura, 37:273-280. https://doi.org/10.1590/0100-2945-120/14 
 

Ozel, C. A., Unal, F. & Yuzbasioglu, D. (2018). Potential of tragacanth gum as gelling material in plant tissue culture studies. Bangladesh Journal of 

Botany, 47 (4), 877-885. https://doi.org/10.3329/bjb.v47i4.47365 
Pais, A. K., Da Silva, A. P., Souza, J. C., Teixeira, S. L., Ribeiro, J. M., Peixoto, A. R. & da Paz, C. D. (2016). Sodium hypoclorite sterilization of culture 

medium in micropropagation of Gerbera hybrida cv. Essandre. African Journal of Biotechnology, 15 (36), 1995-1998. doi: 10.5897/AJB2016.15405. 

 
Phillips, G. C. & Garda, M. (2019). Plant tissue culture media and practices: an overview. In Vitro Cellular & Developmental Biology-Plant, 55(3), 242-257. 

https://doi.org/10.1007/s11627-019-09983-5 

 
Raina, R.J. (2017). Gelling agents for plant tissue culture media: a comparative study. International Journal Innovative Research in Science and Engineering, 

3 (1), 324–331. http://ijirse.com/wp-content/upload/2017/03/K1009ijirse.pdf  

 
Resende, S.V., Lima-Brito, A., Torres-Silva, G., & Santana, J.R.F. (2021). In vitro seed germination and plant growth of “cabeça-de-frade”(cactaceae). Revista 

Caatinga, 34:1-8. https://doi.org/10.1590/1983-21252021v34n101rc 

 
Siekierzyńska, A. & Litwińczuk, W. (2018). Micropropagation of strawberry (Fragaria × ananassa Duch.) on chemically sterilized media. Acta Sci. Pol. 

Hortorum Cultus, 17 (3), 147–156. DOI: 10.24326/asphc.2018.3.15 

 

Soares, J. S., Rosa, Y. B. C. J., Sorgato, J. C., Rosa, D. B. C. J. & Pereira, S. T. S. (2014). Utilização de agentes geleificantes alternativos no cultivo in vitro de 

Dendrobium nobile Lindl. Enciclopédia Biosfera,10 (19), 1832-1838. https://www.researchgate.net/publication/275336934 
 

Teixeira, S. L., Ribeiro, J. M. & Teixeira, M. T. (2006). Influence of NaClO on nutrient medium sterilization and on pineapple (Ananas comosus cv. Smooth 

Cayenne) behavior. Plant Cell Tissue Organ Culture, 86 (3), 375-378. http://dx.doi.org/10.1007/s11240-006-9121-3 
 

Tripathi, M. K., Tiwari, S., Tripathi, N., Tiwari, G., Bhatt, D., Vibhute, M., Gupta, N., Mishra, N., Parihar, P., Singh, P., Sharma, A., Ahuja, A. & Tiwari, S. 

(2021). Plant Tissue Culture Techniques for Conservation of Biodiversity of Some Plants Appropriate for Propagation in Degraded and Temperate 
Areas. Current Topics in Agricultural Sciences, 4, 30-60. DOI: 10.9734/bpi/ctas/v4/2119C 

 

Vargas, D. P., Formoso, R. S., Dutra, L. F., Newton, A. M., Santos, J., & Ueno, B. (2016). Chemical sterilization of in vitro culture for peach rootstock. 
Colloquium Agrarie, 12 (1), 1-6. DOI: 10.5747/ca.2016.v12. n1.a127 

 

Vieira, K. M. (2018). O hidrogel pode ser uma alternativa ao uso de ágar em cultura de tecidos vegetais? Dissertação (Mestrado em Produção Vegetal) - 
Universidade Estadual do Norte Fluminense Darcy Ribeiro, 133p. https://www.uenf.br/posgraduacao/producao-vegetal/10/2018/09/Disserta 

 

White, P. R. (1943). Nutrient deficiency studies and an improved inorganic nutrient medium for the cultivation of excised tomato roots. Growth, 7, 53-65. 
https://ci.nii.ac.jp/naid/10010146340/ 

 

http://dx.doi.org/10.33448/rsd-v10i4.25143
https://doi.org/10.1007/s11627-019-09983-5
http://ijirse.com/wp-content/upload/2017/03/K1009ijirse.pdf
https://doi.org/10.1590/1983-21252021v34n101rc
https://www.researchgate.net/publication/275336934

